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consent of: the research workers ii-%voIved. 
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Southwest Water Conservation Laboratory 
Tempe, Arizona 

Dr .  K. Bsuwer, Agricul tura l  Engineer 
M r .  K, J, Bmst, Agric~LtureP Engineer 
D r ,  W, 34. Ehrler, Plant Physiologist 
M r .  Lo J, Erie,  Hr r i ga t im  Engineer 
M r ,  G. W e  Fres ier ,  Agr icul tura l  Engineer 
Dr. L. 3 .  Fritachen, So i l  Sc i en t i s t  
D r .  R. D. Jackson, So i l  Sc i en t i s t  
M r .  6, Lo Jenson, A r h u l t u r a l  Engineer 
M r .  L. E, Myers, Agricul tura l  Engineer - Director 
D r .  P. S. Nakayarna, memist 
M r .  R, J e  Reginats, So i l  Sc i en t i s t  
M r .  R. C, Rice, Agricultural Engineer 
D r ,  C, H. M, van Bavel, So i l  Ss ieneis t  

0, P, French, Engineering Aid 
C. W, Kohli, Engineering AZd 
J. Lo MaslCntyre, Physical Science Aid 
R, C, McClaia, Engineering Draftsman 

sniek, Physical Science Technician 
C, T, Redman, Agrieulturaf Aid 
G, B, Smith, AgricultureP Aid 

E, D, Bell,  Machinist 
R, C, Berthold, Clerk-Stenographer 
E. E. De La Rosa, J a a i t s r  
A. V, Figueroa, Laborer 
D, S, Fry, Clerk-Sten0graph.a 
N, A ,  Johnson, Clerk 
R, C, Klapper, Refrigerat ion and A i r  Conditioning Mechanic 
R. 2, Mendez, Laborer 
R, S, M i  l f e r ,  Cler'k-Stenogra 
M. E, Olson, Clerk-Stenographer 
A ,  M. Sckreyer, Clerk-Stenographer 
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Soil Treatmenr rs Redaee See age bsses  frcx Canals and Ponds k 1 

Ssf  P Treatment  to  Re&zce Dqli Erratron and Incr e a s ~  
Precipitatien RisnoXf . . . . . . . . . . . . . . . . . . . , 31 

C:aEibratfaa and Eva11uation of 6563% Radtomecers . . . . . . . . 80 

The Meass3remm~ of Hater Jransport in Complex Tube5 
with Speexfic  AppEicatfon to t h e  Assessment of 
Soil-Water Losses by Transpirarion . . . . . . . . . . . . . 126 

Description and Evaluation of the ContrsL1ed-Envfronmenc Room 1.35 

Utilrzarion sf' L i m t e d  Waser SuppHes for the Oreatest 
Economic Return fa t he  7rrigscion o f  Cofi~ozr . . . . . . . . , 51.39 

Irrigation Schedules for Sorgbm Prsdueclon . . . . . . . . . 153 

sz~mptfve Use of Wacer by C r o p  in Artzona , . . . , . . . . 15% 

l?tz.lage Praesicez as Relared to Produer im and 
I n f a l i r a r b n  09" Vater . . . . . . . . . . , . . . . . . . . . 1162 

Eyaluation 05 Tillrage Factors . . . . . . . . , . . . . . . . 3.65 
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Develspment and Performance Tes t  of L ighwe igh t  . . . . . . . . . . . . . .  Rate Meter f o r  Neutron Measurement I,Gl 

Cal ibrac ioa  and Comparative Evaluarion of Two . . . . . . . . . . . . . . . . . . . . .  Neutron Depth Probes %;5 

. . . . . . . . . . . . . .  Evaluat ion of Surface  Neutron Probes 1.81 

The Design and EvaPuation of a  SmI.1, Eeonomfcab Pzessure 
C e l l  f o r  t h e  Determination of t h e  Noisture Characre r is  t i c  . . . . . . . . . . . . . . . . . .  o i S ~ i B C o r e ~ ~ . ~ . ~ . ~  483  

Measuring the S o f  1-Warer DiEfusivi ty  of So i l  Gores w i  kr . . . . . . . . . . . . . . . . . . . . .  a Small Pressure  C e l l  1.9~ 

The Use of S a l t y  Well Water f o r  t h e  Pre-Planking . . . . . . . . . . . . . . . .  I r r i g a t i o n  on S i l t y  Clay S o i l s  20% 

. . . . . . . . . . . . . . . . . . . . . . .  Service Laboratory 208 

. . . . . . . . . . . . . .  Si.gnff icant  Findings by Line P r o j e c t  2.1 

Papers Prepared o r  Publ ished During 1960 . . . . . . . . . . . .  218 
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Csnstruetisn of laboratory bui ld lags  was essenclall ,y eompkete a. 

the  time the  Past annual repor t  was wr i t t en ,  S ta f f  members have 

continued t o  devote time t o  the  processes of deszgning, obtajning b i d s  

and s u p e r v i s b g  c o a s t m e t i o n  of necessary supplemental i n s t a l l a t i o n s  

such a s  curbing, fencing, an i r r i g a t i o n  system, a f ~ r e  detecttorn. and 

alarm system, and the modification of various rows t o  P i t  speczfic 

research ~ p e r a t i o n s ~  Although work of t h i s  na ture  is s k i 1 1  underway, 

the  l a h o r a t ~ r y  f a c i l i t i e s  a r e  now i n  good operat ing condit ion,  

The work of the  Laboratory bas been aided subs tanr ia l ly  by 

cooperation wi.th numerous individuals  and agenelea, BalaabPe coopera- 

t ion  has been received from the  Unkversi t y  of Arfzoaa, Arizona S t a t e  

University, Sa k t  River Project ,  Bureau sf  Reefmat ion, Bureau of Land 

Management, Forest  Service, S o i l  ConserrvaCion Service, Marieopa Counsy 

Water Conservation D i s t r i c t  1, Arizona S t a t e  Land Deparkmenc, Bureau 

of Xndiit? a f f a i r s ,  Fub Zic Health Semice .  Nevada S Late Department of 

natural  Resource Consemation, and many ot&ers,  2a short, the  

cooperation extended t o  the  Laboratory by other individuals  and 

agencies could not  be  b e t t e r  and has provided great  encouragement and 

incent ive  t o  the  Laboratory s t a f f ,  

The Laboratory s t a f f  has been mate r i a l ly  strengthened during 1960 

by the  addi t ion  o f  th i r t een  new s t a f f  members, 35~seT.r reporring dates  

a r e  as  fol.low.s: 

4/~1../60 M r ,  G o  S. Smith, ?igrieultural. Aid 

4/25/60 Mrs, Id, S. Fry, Clerk-Stenographer 
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Miss B e  A. Rasnfck, Physical Science Technician 

Mr. 6. L. Jenssn, Agricultural Engineer 

Mr. R. 6. Rfce, Agricultural Engineer 

Dr. %, J. FrEtschen, Soil Scientist 

Dr. R* D. Jackson, Soil Scientist 

Dr. W. L. Ehrler, Plant Physiologist 

Nr. K. J. Brust, Agri.eultura1 Engineer 

Mr. E. D, Bell, Machinist 

Mrs. R, 6. Berthold, Clerk-Stenographer 

Nrs. Ivl. E. OlsonS Clerk-Stenographer 

Mr. C. T. Redman, Agricultura 

Mrs, L. H. Dean, Clerk-Stenographer, reported for duty on 1/24/60 

and transferred to the State Department in Washington, D. C., on 

9/10/60, 

The Laboratory staff is now at essentially ful.3. strength and 

facilities are essential1y completed. Each professional staff member 

has research projects under way. Some research projects have already 

been completed and some valuable findings have already been made. The 

Laboratory is now a going concern, 
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IMTRQDUGTZON: 

Previous studies oa the mechanics of the flow o f  water rhrough 

cane8 bottom material near and under seepage meters have PndPcated that 

small head differences between the seepage meter cu bn$erEor and the 

astatside carnal can cause a preciable flow rates (Peakage flow) into or 

sue OE the camp, ~1ziclm. are independent af the seepage rat-;, These fB.ii>~ 

razes are sometimes a source of considerable error. in seepage measureP. 

ment, Such error inducing head differences can result frsn high and Low 

pressure areas, adjacent to the cup, caused by distortion of the nomal 

velocity patterns by the presence of the cup, If such pressure dHfEer- 

enees are not self-compensating, the true average local head around the 

seepage meter differs from the head indicated by the free water surface 

in the ehaxanel, @onseguently, the appropriate reference level for see 

measuremeat should be the pressure head inside the seepage merer where rhe 

leakage flow is zero, For still water (ponds), this pressure head is 

equal to the free wates surface, For flowing water, however, the flow 

distortion due to the seepage meter causes the zero-leakage flow head to 

e slightly below che free water surface. This is $ue to the fact that 

dscaB pressure increases caused by ~tagnatfon at the upstream face of 

the seepage meter cup are dominated by the pressure reduckions due to 

acceleration at the sides of the cup and separation ae the downatream 

face, Thus, in flowing water, the free wates surface nruefc be corrected 

for velocity induced pressure deviat~lons betore it can se-me as the 

reference level, fee. Bevel of zero leakage Elow, f o r  seegage measrsremnI, 
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is described i n  the  followlag paragraphs. 

The experiment was car r i ed  out i n  a hor izonta l  flume 35 f e e t  long, 

19 1/2 inches wide, and 2 f e e t  deep, with a rectangular  c z o s s - a e c r i ~ a ,  

The test section consis ted  sf  a recessed water tight box, 4 f e e f l m g  

and 66 inches dee The box was ffhbed wfth sand, the  s ~ r f a e x  sf t h e  

sand befag flush with  the  channel bottom sf the  flame, 

The experiaent  was coaducte i n  two parts, F i r s t ,  the  wacure sf  che 

pressure d5striburtion in the  vlc0nLtg of t;ha meter was szadteai, A modei 

o f  rhe seepage meter was mounted on a metal sheet  and placed I n  the  t e s t  

sec t ion,  A t o t a l  sf  twenty pressure caps wese instaLPed i n  the  sheet  

metal :cepresexntPng the  channel bottom, and axsurud the  c i ~ c ~ a f e r e n c e  of 

the  meter, A twenty-tube manometer was used to measure the pressuzee. 

Tears were made varying, the  water depkh and veEocily, The veLocicy waa 

measured with an 0c t  laboratory cur ren t  meter. WeauB", sh~~oued tha t  she 

regfon of pressure reduction around the s ides  and d o ~ m s t r e ~ m  face  sf the 

cup was l a r g e r  in s i z e  than tha t  of the  p ressme  increase a t  the  upscream 

face  sf the  cup (Figure I ) ,  GonsequentPy, the  zero-leahage-flow head 

ins ide  the  cup coaLd be expected t o  be lower than the  f r e e  waiter level 

in the  canal. 

The second p a r t  s f  the  study fravolved the measurement of the zero 

leakage pressure head ins ide  the  seepage meter i n  r e l a t i o n  ts  the  free 

wasex- surface  for a v a r i e t y  of conditions. Exosisn of the  sand 14as pse- 

vented by solidHfying the  top  hal f  inch s f  the  sand w i t h  a plastic xestn, 

The r e s i n  d id  not materiaS1.y a l t e r  she porous characterfstfw of ;rhe 

sand, 
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Three seepage meter  models of d i f f e r e n t  r a d i i  were used, Since t h e  

w a l l s  of t h e  box conta in ing  t h e  sand were wa te r t i gh t ,  t h e  water  psessure  

i n  t he  sand was considered equal  t o  t he  f r e e  water  s u r f a c e  head. A 

piezometer connected t o  a g r a v e l  l a y e r  a t  t h e  bottom of t h e  t e s t  sec t ion  

was t h e r e f o r e  employed t o  o b t a i n  t h e  f r e e  water  s u r f a c e  e l eva t ion ,  The 

zero- leakage-pressure  i n  t h e  seepage meter was d e t e m i n e d  as the  e q u i l i b -  

rim pres su re  without  e x t e r n a l  supply o r  withdrawal of water  t o  or from 

t h e  meter,  The piezometer f o r  measuring t h e  f r e e  water  s u r f a c e  e l w a t b n  

and a tube  from a p re s su re  t a p  on t h e  seepage cup were connected t o  a 

p rec i s ion  manometer capable  of measuring a head d i f f e r e n c e  of 0,001 inch,  

The fo1bowing v a r i a b l e s  were inves t iga t ed :  

1, Veloc i ty  of water  (V) 

2,  Depth s f  water  (D) 

3, Pene t r a t ion  depth  of seepage meter  cup (d) 

4. Ra t io  of seepage meter  cup r ad ius  t o  channel width (R~/w) 

The v e l o c i t y  was measured 1 1 / 2  inches from t h e  bottom of the  channel 

a t  t h e  upstream edge of t h e  t e s t  s ec t ion .  

RESULTS DLSCWSSIOM: 

The r e s u l t s  were expressed i n  terms of Ah ( d i f f e r e n c e  between zero 

leakage pressure  head and t h e  f r e e  water  su r f ace )  and p l o t t e d  a s  a 

2 
func t ion  of ( v e l w i t y  head) f o r  va r ious  water  depths ,  An example of 

2g 
such a graph i s  shown i n  F igure  2. S t r a i g h t  l i n e  r e l a t i o n s h i p s  were 

obtained,  The s lopes  of t h e  s t r a i g h t  Lines, ah , are equal  t o  twice 
v2/2g 

t h e  r e c i p r o c a l  of t h e  E u l e r ' s  Mumber. These s lopes  a r e  being used f o r  

f u r t h e r  a n a l y s i s  of t h e  da ta .  
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I., A decreased with an increase  in  depth of' penetra t ion a£  the 
V2! 2g 
seepage cup,  

Ah 2 ,  --- i n c ~ e a s e d  w i t t i  a decrease i n  water dep"k,, 
v2/ 2g 
AS! 3 .  -- increased with an icscrease of the r a t i o  o f  seepage cup 

v2/% 
diameter to c,hanne% width, 

The e f f e c t  o f  ve loc i ty  of water i n  a chmae3. on the  :i.oaa% head 

en~~fronmeat  s f  seepage metes caps was studfed t c  deremEae tns desired 

reference pressure  head f s s fde  the  cup f o r  seepage measurement rasing 

the f a l l i n g  head technique, The study was carried 3ut in  a horizontal. 

flume w i ~ h  a sand b o t t m  t e s t  sec t ion ,  Seepage meter models of va r l sus  

dept'h of  peaet ra t  fcm of seepage meter, 

A seady cf rhe l o c a l  pressure around the seepage model showed 

thaz t he  region oE pressure reduet'$on was l a rge r  then t h a t  sf  the 

pressure increase,  so tha t  the zero leakage f lox head inside the cup 

i s  Lower than ehe free water Eevek, The di f ference  between the zero 

leakage flow head and che f r e e  water surface appeared to increase with 

increasing velocity, with decreasing depth of penetratfon, wick de- 

creasing water depth, and with increasing r a t i o  of seepage cup d h m t e r  

LO channel wldth. Sinil.%trsde p r ine fp les  a re  being used i n  che analysis 

of the resu%tx, 

PERSONNEL: H, Bouwec, %, E ,  Myers, R, (T, Rice, 
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2 
Figure 1. Contours of Ah/(V /2g) i n  v i c i n i t y  of seepage meter cup, 
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2 
Figure 2. Example of t e s t  r e s u l t s  i n  terms of Qh versus V 1% f o r  

a  c e r t a i n  water depth and cup i n s t a l l a t i on ,  
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TITLE: SOIL T R W m N T  TO REDUCE SEEPAGE LOSSES PROK CmP&S All33 PONDS 

LIME PROJECT: SWC ch8-l CODE NO,: hriz,-WCL-8 

EMTBOBUGTIQN: 

A l a r g e  p o r t i o n  s f  t he  water  which is d i v e r t e d  o r  pumped f o r  

i r r i g a t i o n  never  reaches the  f i e l d s  because of seepage l o s s e s  from 

cana l s  and d i t c h e s ,  The 1950 United S t a t e s  Census sf Wgrfculture r epo r t ed  

t h a t  seepage l o s s e s  from p r s j e c t  f r r i g a t f o n  cana l s  i n  t he  l 7  Western S t a t e s  

exceeded 20 m i l l i o n  a c r e - f e e t ,  Many hundreds of stock ponds cons t ruc t ed  

s n  wesgexn range lands a r e  i n e f f e c t i v e  because any water  which does 

c o l l e c t  i n  them seeps  i n t o  t h e  porous s o i l 8  i n  which. Ehe ponds a r e  con- 

s t r u c t e d ,  

There is  an urgent  need f o r  Esw-cost m a t e r i a l s  and p r a c t i c e s  which 

w i l l  s e a l  s t o c k  ponds and i r r i g a t i o n  cana l s  and d i t c h e s ,  The development 

of low-cost chemical t rea tments  t o  reduce seepage now appears  t o  be 

f e a s i b l e  and an  important  s u b j e c t  f o r  i n v e s t i g a t i o n ,  A p r o j e c t  t o  

eva lua t e  promising t rea tments  has been e s ~ a b l i s h e d  and E s  i n  progress ,  

PROCEDURE : 

I n i t i a l  sc reening  is  done on t h e  basis s f  X n i o ~ ~ m a e b n  suppl ied  by 

manufacturers.  Ma te r i a l s  considered Lo have promise a r e  then  t e s t e d  by 

applying them eo t h e  s u r f a c e  of va r ious  c s n t s s l  mi ls  competed t o  pre- 

deLemined d e n s i t i e s  i n  t e s t  c y l i n d e r s ,  The cy l inde r s  a r e  then  sub jec t ed  

to va r ious  cons t an t  heads up t o  10 d e e t  of wacer and t h e  seepage reduc- 

t i o n  ca lcukated  by comparison w i t h  un t r ea t ed  conssol  cy l inde r s ,  Water 

of va r ious  q u a l i t y  ranging from d i s t i l l e d  t o  h ighly  s a l i n e  is used t o  

determine khe in f luence  s f  t h i s  f a c t o r  on the m a t e r i a l  urndec Lest. 

Depth o f  p e n e t ~ a t i o n ~ i n t o  t h e  s o i l  i s  determined by measurfng chmges  

- 11 - 
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i n  hydraulic  conduct iv i ty  a t  various depths in the  s s k 1  through head l o s s  

nae;osurement-,s on s o i l  csPmns. Ef fec t s  of wett ing and B1rylt;ng w i l l  a l s o  be 

evaluated wi th  t h e  t e s t  cyl inders ,  Chemical and p'r~ysical s o i l  charac ter -  

i s t i c s  and water q u a l i t y  f a c t o r s  a r e  conaidezed i n  the  evaluation. 

Materials  which a r e  successful  i n  labora tory  t e s t s  a r e  appl ied  t o  

small ponds and canal  sec t ions ,  Effect iveness is determined by gre- 

treatment and post-treatment seepage measuremeats made with seepage 

meters> ponding tests and inflow-outflow methods a s  appropr ia te ,  Obser- 

vations ad. measurements of itreatmen& depth of petnetrakfon and d u r a b i l i t y  

w i l l  be made on these  f i e l d  instaPEatfons wi th  p a r t i c u l a r  reference t o  

a l t e r n a t e  wett ing and drying, weed growth, d i t c h  cleaning operat ions,  

erosion, and s t h e r  f a c t o r s  a s  appropr ia te ,  

The i n f ~ m a t i o n  presented here represents  a preliminary progress 

repor?-, of p a r t i a l l y  compl,eted t e s t s  which m a g  be sub jec t  t o  change, For 

t h i s  reason $he t e s t e d  mate r i a l s  a r e  iden'sified by code numbers r a t h e r  

n by product name and manufacturer, 

and s i l i c s n e s ,  were t e s t e d  f o r  poss ib le  use i n  seepage coatsol ,  A 4 1  of 

them f a i l e d  when the  depth sk wager s t a n d h g  on the  s o i l  surface exceeded 

10 centimeters ,  This f inding agrees with r epor t s  by Russian s c i e n t i s t s  

who have done s i m i l a r  work, We a r e  present ly  of the  sp in ion t h a t  hydro- 

phobic ma te r i a l s  a r e  not  a promising m e a s  sf  reducing seepage. Mew 

hydrophobic ma te r i a l s  w i l l  continue t o  be screened, bLaweven., i n  the  hope 

t h a t  we m y  be proven wssng, 

- 1 2  - 
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Ha.terfaP D-$: - 
This is a commercial product intended t o  disperse the  c l a y  f r a c t i o n  

of s o i l  and thereby mechanically s e a l  k h e  a o f i  pores, The material. was 

solved i n  d i s t i l l e d  water and sprayed on the mil su r face  i n  the  t e s t  

cyl inders  a t  d i f f e r e n t  app l i ca t ion  r a t e s ,  3fm t e s e  s o i l s  have been used 

t o  da te ,  Qne s o i l  was sa l ine ,  contained B percent  clay,  and had an 

unt rea ted  hydraulic  conductivi ty of absut  1,O inches per  hour, The 

second s o i l  w a s  nsn-saline, contained 38 percent clay, m d  had an 

untrea ted  hy rauI..de conductivi ty of about 3 , 6  inches per  hour, An 

app l i ca t ion  of D-l t o  the  s o i l  su r face  a t  a r a t e  sf 1,308 pounds per  

acre,  the  lowest s a t e  ested,  compLetely stopped seepage under heads of 

6 f e e t  of water except when channeling ~ccu$"b'ed, Higher r a t e s  of app l i -  

ca t ion  increased the seepage ra te ,  ind ica t ing  t h a t  she amount appl ied  was 

excessive and had actua94y f l o c c u l a t e  the  s o i l ,  The s o i l s  were pulver- 

ized and packed dry i n t o  t e s t  cyl inders  3 inches i n  diameter with t h e  

compacted s o i l  column 6 inches i n  length,  It is  bel ieved t h a t  these  

tests imposed condit ions f a r  more severe than a c t u a l  f i e l d  condit ions,  

Additiornal t e s t i n g  w i l l  be conducted on "amdisfurbed" s o i l  cores and i n  

the  f i e l d .  Rates of app l i ca t ion  wPHB be redoeed considera 

basis s f  the  prel iminary f indings.  

Material  %-I,; - 
This is  an experimental a s p h a l t i c  ma te r i a l  fs.mar.lated t o  permit 

d ispers ion  i n  water,  The standard test cy1inders 8 g  a s i l t y  sand s o i l  

were subjected t o  a head of 6 f e e t  of unt rea ted  canal  water u n t i l  t he  

seepage r a t e  had s tabkl iaed ,  S-l was added t o  the  water  i n  a concentra- 

t i o n  s f  10 p a r t s  per P,O Q and the  t e s t  continued m k i l  the  seepage r a t e  

Annual Report of the U.S. Water Conservation Laboratory



had aga in  a s s e n t i a l l y  s t a b i l i z e d .  3.esul.t~ a r e  S ~ O F X ~  in Figcrc;, L o  

Ma te r i a l  S-I, t pe B, which w a s  t h e  s r b g i a a l  f o ~ ~ u l a s i o a ,  reduced the 

pre- t reatment  seepage r a t e  of 1,2Q inches pe r  hour t o  a p o s t - ~ r e a t a e n t  

inches per  hour f o r  a 67 percent  eepsge r a t e  ~ a d u c t i s n ,  

Type F, which was f s  latee?; f o r  cmpae ib l l l i rg  w i t h  hard waters ,  reduced 

che pre-txeatment seepage r a t e  of 1, 8 inches per hoar Co a posc- t rea t -  

men& rare s f  0 ,  8 inches per  hour f o r  a 93 pescent  seepage r a t e  reduct ion ,  

F i e l d  t e s m  sf S - 1  are now ua~gher  my. Here aga in  i t  is bel ieved  

tha t  t h e  p r e l i m k n a ~ y  l a b m a t o r y  t e s t s  were conaidcrably more severe  than 

a c t u a l  f i e l d  cond i t i ons ,  Ad.ditFonaB l abora to ry  t e s r i n g  is being condwted  

r e l a t i v e  t o  effect. of concant ra t ion ,  depth  of pene t r a t ion ,  e f f e c t  of s o f a  

t ex tu re ,  and r e l a t e d  p r e t i n e n t  f a c t o r s ,  

NatezrPal H-9: 
*--- 

e r e i a l  material designed co reduce seepage through a 

hydrophi l ic  r eac t ion ,  I n i t i a l  Laboratoxy t e s t a  by ocher  workers have 

nDt prodreed p o s i t i v e  r e s u l e s  bu t  field t r t a l s  have c s n s i s t a n t l y  reduced 

seepage r a t e s  by about  60 percent  under c e r t a i n  s i t e  condi t ions .  We 

have aade f i e l d  measurements which confirm o t h e r  f i e l d  t r i a l s .  There i s  

a s t rong  p o s s i b i l i t y  t h a t  previous Laboratory t e s t s  d id  no t  d u p l i c a t e  

f i e l d  cond i t i ons ,  Laboratory t e s t s  designed to s imula te  f i e l d  cond i t i ons  

axe now under way and w i l l  be coord ina ted  w i t h  lmdditiona% f i e l d  t e s t i n g ,  

Questions r e l a t i v e  t o  depth  of p e n e t r a t i o n  and t h e  e fEect  of a l t e r n a t e  

wet t ing  and drying are s f  p a r t i c u l a r  concern. 

S-JMMARY ASD GONCLUSHONS: 

Severa l  m a t e r i a l s  have been t e s t e d  r e l a c i v e  ts t h e i r  poss ib l e  use  

f o r  reducing seepage l o s s e s ,  Tkese are m a t e r i a l s  which can be sprayed 
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on t h e  s o i l  s u r f a c e  o r  d i spe r sed  i n  t h e  wa te r  i n  t h e  s t r u c t u r e  from which 

seepages l o s s e s  are occu r r ing ,  Pre l iminary  t e s t i n g  has  produced t h e  

fo l lowing  i n d i c a t i o n s .  

1. Hydrophobic, o r  water  r e p e l l e n t ,  m a t e r i a l s  appear  t o  o f f e r  

l i t t l e  promise f o r  reducing seepage l o s s e s .  

2. A c l a y  d i s p e r a n t  sprayed on t h e  s u r f a c e  of a s o i l  containing 

13 pe rcen t  c l a y  completely s topped seepage under s eve re  con- 

d i t i o n s  i n  which a 6 f o o t  head of water  was d i s s i p a t e d  ahrough 

a s o i l  c o r e  on ly  0.5 f o o t  long. 

3 .  An a s p h a l t  d i spe r sed  i n  t h e  app l i ed  water  reduced seepage 

r a t e s  by 93 percent  i n  a s i l t y  sand s o i l  under s eve r  condi- 

t i o n s  i n  which a 6 f o o t  head of water  was d i s s i p a t e d  through 

a s o i l  c o r e  on ly  0.5 f o o t  long. 

4. A commercial product  has reduced seepage r a t e s  by 60 pe rcen t  

i n  f i e l d  t r i a l s  on s o i l s  con ta in ing  over  30 percent  sand by 

weight.  

These p re l imina ry  r e s u l t s  i n d i c a t e  h igh ly  f avo rab l e  prospec ts  f o r  

t h e  development of low-cost t r ea tmea t s  t o  reduce seepage Pmses. The 

major problem w i l l  be  t h e  p o s s i b i l i t y  of t rea tment  d e s t r u c t i o n  by 

c l ean ing  ope ra t i ons ,  by a l t e r n a t e  we t t i ng  and drying, o r  by c rack ing  of 

t h e  t r e a t e d  s o i l .  

PERSONNEL: L. E. Myers, C O  L. Jenson, G ,  W, F r a s i e r  
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ressure  heads i n s  tde and out s f  de t h e  qr 2 iader  (Plgur e LA). Appl i c a r  n OF?. 

35 these  flow f a c t o r s  was 8Lso made i i ~  r5.c d e v e - ~ p m m ~  of a double-~ube 

method (Ffgure LC) f o r  measuring hydcad..;t, c o k d u ~ t i v ~ t y  05 s 0 f 4  in S ~ C U  

above a water eable ,  A t  p resen t ,  saS s&f&ctory met  kcds for measurmg hy- 

draulic conductivi ty above the water t e b k  are riot avaf.lab%e, 

The flow f a c t o r s  were a l s o  ~ s e d  t o  estimate the er roc  in i n f i l t r a t ~ o ~ g  

measurement: wi th  buffered cylindezs due t o  unequal watJer 1.evels 1.n cylinder 

a r d  buf fe r ,  L i t t l e  Znformation regarding ch i s  error i s  psesenciy ava i l ab le  

and the  need f o r  equa$ water l eve l s  i~ c.y Lzxkr  and buffer  i s  not c l ea r ly  

understood, 

PI3 0 @&Dm& :: 

h desc r ip t ion  of the res i s t ance  network analog, whsrh was operations 

LR Ju3ae 1960> i s  presented in the  3,959 kFs3rrua.L Repor t o  

To genera l ize  the  r e s u l t s  of the  analog snn:ysas, a dimensionless par-  

ameter, cadled the  flow f a c t o r  F f r  was i n t r ~ : ~ u e e d ,  Tb i c  feetor essenzLally 

expresses the  volume r a r e  of EXowQi gcr m i t  c , x o s ~ = = s ~ , : ~ L o ~ ~ .  a rea  of the  H 

s f  the  water 'level d i f ference  R t o  the cy.I~ndex radlus IX . Iri formika, the 
C 

a c t o r  F i s  expressed as f  

Assuming a uniform K, the  f low factor. 1 9  a f w c c i s n  of the  geometry of 

the  fLow sytem only, i,e, radaus and d~ptki of peaetrazion of the cyl inder  

and depth D t o  impermeable Layer, In addrtzon r o  so l1  underlain by rmper- 

depths D was 
z, 

included r e s u l t s  are 
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s o i l ,  The n e t  f low f m m  OL' to the cjilfmder is, tFic:refo;~e, the res!;i?i.P.&nt: of 
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h 
% , 3  B R Lb H 

- <- - "- 2 -. log 7----b 0 

Is 2 
R. t" 

H ca Hb 
C t 

seepage rate (lewgth8tigl.e) 

radius s f  reservoir in wEl%ch fadling kead is messu-red 

radius sf seepage metex cup 

t i m e  elapsed since fitst water l e v e l  readzng 1x1 reservoir 

was taken 

vercleral distance between water lewd I n  Teserwosr and 

waeer surface ~c canaS at k = 3 

vereieai dtstsnce between water l eve l  %a resavozr and 

water surface in canal ac t e m e  t 

balanced-f low different la l  head 

The factor H may be d i r ec t l y  meusur~d 1z the held, or, i f  a long 
b 

perzsd of tine is requlred f o r  the water deveY in cbe zeservelr  to r e a c h  

the balanced flow level, m y  be detarmlned by extzqmlgtior of B to 

6r as the EinLerseet o f  the H-axis of tlbc be?t.-fftt,lng sc:a;g'r?t lime 

a ;plor of grap$icakl.y deterpined d& - v8B";l'es ag"x"'t Ifi_o 

8 - H  dh 
1 0 b  he r a t i o  - log --- in elirla t -Lon (2) is deterans,:-v?d as the slope 
a. % - 7 3  
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w k r e  F 3s determined 
f 

e txy  lit;, question, 

re  r,es k 3  t h e  "seepage" rates determ!ned w i t h  a sl~ddl  atied fad i sng  "head" 

eecbnique, The r e s u l t s  were: 

Imposed "'seepageY' ratbs 2 Ca'c d a t e  ? S8seepageq' ws th 
w- - p- -- 

gem(23 from ansAcap data.: 

B,L0%4 K 0,8916 K 

0,400 K 

1,39 K 1,33 K 

was also checked w x t h  a sandbox mrsde i ,  where seepage 

r a t e s  caJculated from outflow data  were compared w i t h  seepage r,%tes cal- 

cuJtated from f a l l i n g  l e v e l  measurements i n  a 22,8 crn eyllnder placed in 
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2 , 3  R ' 
V 

K --- Bog 
'rI, - 

R Ff 
t 

C $t Hb 
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fore be expressed as 
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:k ccomponenr_ due t o  leakage and the intake rate computed from f"ie raf~ 
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w&er .Level a @  ehe cyi~ader 1 s  7,6  cm h i g h e r  than la t k e  b a f f e r ,  :be 

1n3;de the eLp can be a source of considerable e r r o r ,  

F u r t h e r  use  of rh.e fIo167 f a c t o r s  w a s  made in the 3ewlnpm~n".,sF a 

il?~t.?od f"2)r w..asur~ng b.ydraulic c o n d u c t i v i t y  of sol::. i.c s l t u  f ~ t .  ~-iif;r-, : ,  
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LO;IZ&~C~.XVL~Y i s  c a l c u l a t e d  from r a t e  of change of water  l e v e l  measurements 

En che inner tube due t o  flow between inner  and o u t e r  tube through the  , c .. 

s o i l  be101 the bst om sf the augerhole a f t e r  t h i s  s o i l  has been a r t i f i -  

ceally sa tu ra ted  by maintaining water i n  both  tubes  for  some t ime,  

The equations for  measuri.ng seepage and bottom conduct iv i ty  w i t h  

the varzable-bead seepdge meter technique and far  determining hydraul ic  

co~ductivity sf s o i l  above a water t a b l e  were checked w i t h  sandbox model 

s t u d i e s ,  ExcelLent agreement w a s  ob ta ined  between known seepage and 

coudactivity aand the see age and ~ o n d u c ~ i v l e y  calculated w i t h  t h e  equa- 

t leis coatmnlng the 

n csnnlusl.on, use ~f t h e  flow f a c t o r s  was made t o  e s t ima te  t h e  

mxlmum error i n  i n f l  tr at ion measurement wit.h bu f fe red  cy l i n d e r  i n -  

Eiltrometera due t o  unequal wakeu: l eva% i n  cyli.tndecs and b u f f e r ,  Depend- 

:ng OD the i n f i l t r a t i o a  gradient ,  this e r r o r  can be q u i t e  l a r g e  and can 

roach the  sragnl tude of f i n a l  i n f i l t r a t i o n  r a t e s ,  It is, there-  

ore, 1.mportant that the water susfaee i n  cylinder and b u f f e r  be main- 

t a m e d  at equal  Bevel during t h e  i n f i l t r a t i o n  nteasusement, 
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cup in canal (B), and double-tube i n s t a l l a t i o n  (C), 
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T XTLE : SO 9L TREATMENT TO REDUCE INFILTRATION AND INCRUSE PRECLPITAT ION 
RUNOFF 

LINE PROJECT: SWC ~ 1 0 - 3 ,  SWC ~ 1 7 - 2  

J[;NTRODUCT I O N  : 

CODE NO: Ariz.-WCL-7 

Badly needed stockponds cannot present ly  be constructed i n  many 

western rangeland a reas  because porous s o i l s  soak up the  p r e c i p i t a t i o n  

and there  i s  i n s u f f i c i e n t  runoff f o r  s torage  i n  the  ponds. Many ranchers 

now r e s o r t  t o  cons t ruct ion  of deep wel ls  and windmill pumps o r  t o  hauling 

water a t  high c o s t ,  The common r e s u l t  i s  an inadequate number of widely 

spaced, poorly located watering s i t e s  wi th  over-&azing near the  s i t e s  

and poor use of forage between s i t e s .  

Progress had been made i n  the  development of  commercial mater ia ls  

which o f f e r  promise f o r  low-cost waterproofing of s o i l  sur faces .  Such 

mater ia ls  have been developed f o r  o ther  purposes, however, and must be 

evaluated a s  s o i l  t reatments.  Although erosion could be increased by 

indiscriminate waterproofing of s o i l  surfaces,  t h i s  problem does not 

appear insurmountable, 

PROCEDURE : 

I n i t i a l  screening i s  done on the  b a s i s  of information furnished by 

the  manufacturers, Preliminary la'boratory t e s t i n g  i s  done wi th  simple 

i n f i l t r a t i o n  cylinders,  containing a s o i l  column 3 inches i n  diameter and 

5 inches deep, i n  which the  surface  of a standardized s o i l  i s  t r e a t e d  

wi th  the  ma te r i a l  under t e s t  and then i s  subjected t o  a low, constant 

head of  water, i n i t i a l l y  1 / 2  inch,  Materials  which waterproof s o i l  i n  

the  cyl inders  a r e  then t e s t e d  by app l i ca t ion  t o  the  surface  of s o i l  i n  

30 by 30 inch square by 2 inch deep t rays .  These t r a y s  a r e  subjected t o  

a r t i f i c i a l  p rec ip i t a t ion ,  wet t ing  and drying cycles,  and weathering, The 
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artificial precipitation is applied with commercial spray nozzles which 

do not duplicate natural rainfall but do provide a measured, uniform ap- 

plication to tesc the efficiency of the treatment relative to percentage 

runoff, Treatment effectiveness is measured by comparing measured run- 

off with measured precipitation applied, Successful tray treatments are 

then tested in the field, 

Initial field testing is done on 5 by 20 foot plots, installed at 

various field locations, which are subject to natural hazards such as 

damage by weeds and insects and deterioration due to winds and solar 

radiation, These plot treatments are tested by applying artificial 

precipitation and comparing measured runoff with measured application, 

Natural precipitation is caught in storage tanks and is compared to 

precipitation measured by recording rain gages, 

Full scale catchment areas will be installed above small storage 

reservoirs which will be lined whenever poss!ble, Treatments will be 

selected on the basis sf plot trials, .Effectiveness will be evaluated 

on the basi,s of water collected versus precipitation measurements, 

RESULTS AND DISCUSSION: 

The informtion presented here consists of incomplete preliminary 

findings, subject to change as additional tests are ma&, For this 

reason the materials are identified by cbde numbers rather than by 

pqoduct name and manufacturer, Test results and discussion for mate- 

rids tested are as follows, with the exception of materials which 

fai led completely, 

Material S-l 

This is an experimental asphaltic emulsion designed to give im- 

proved penetration and bonding to soil, The manufacturer" tests 
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showed pene t r a t ion  up t o  one inch  when sprayed on wet: s o i i ,  Maximum 

pene t r a t ion  we obta ined  was about 1 /4  inch  when sprayed on dry s o i l ,  

w i rh  h ~ t t l e  pene t r a t ion  i n  wet s o i l ,  This  discrepancy i s  being i n v e s t i -  

ga ted  w i t h  the  manufacturer ,  Bonding t o  s o i l  has been e x c e l l e n t  and 

m e - f o o t  square t e s t  pane ls  exposed t o  Phoenix weather s i n c e  Apr i l  1960 

have shown no d e t e r i o r a t i o n  t o  d a t e ,  Loamy sand s o i l  was completely 

waterproofed i n  l abo ra to ry  cy l inde r  t e s t s  w i t h  a p p l i c a t i o n s  a s  low a s  

0,05 pounds per  square f o o t ,  This r a t e  of  a p p l i c a t i o n  f a i l e d  t o  com- 

p l e t e l y  waterproof s o i l  when appl ied  t o  t h e  t e s t  t r a y s  and higher  ap- 

p l i c a t i o n  r a t e s  have o a t  y e t  been t e s t e d ,  Depth of  pene t r a t ion  has an 

inf luence  on t h e  r e l a t i o n s h i p  between r a t e  of  a p p l i c a t i o n  and the  degree 

of waterproofing.  We Rave r e s e r v a t i o n s  concerning t h e  d u r a b i l i t y  of t h i s  

t reetmenr under f r eez ing  condi t ions  where water  has c o l l e c t e d  under t h e  

f i l m  and t h i s  w i l l  be  checked, Erosion r e s i s t a n c e  was good, 

'Material  S-2 - 
T h i s  i s  a water  so lub le  p l a s t i c  which forms an in so lub le  m a t e r i a l  

upon r e a c t i o n  w i t h  a c a t a l y s t ,  React ion time i s  dependent upon a  number 

of f a c t o r s  inc luding  temperature,  amount of c a t a l y s t ,  and the  phys i ca l  

and chemical c h a r a c t e r i s t i c s  o f  t h e  s o i l ,  Considerable d i f f i c u l t y  was 

encountered i n  ob ta in ing  t h e  des i r ed  r e a c t i o n  and depth  of  pene t r a t ion ,  

New m a t e r i a l s  and information have been rece ived  from t h e  manufacturer 

and a d d i t i o n a l  t e s t i n g  i s  planned. 

Mater fa l  R-1  - 
This  i s  a water  r e p e l l e n t  m a t e r i a l  which can be d ispersed  i n  water  

and which shows c o m i d e r a b l e  promise f o r  waterproofing sandy s o i l s ,  Rates  

a s  Z Q T ~  as 23 pounds per ac re  completely waterproofed a  loamy sand SQ&I a s  

i nd ica t ed  i n  Figure I ,  Figure 1 a l s o  shows t h a t  a p p l i c a t i o n  r a t e s  a r e  
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c r i t i c a l  and an  excess ive  a p p l i c a t i o n  i s  i n e f f e c t i v e ,  The optimum r a t e  

of a p p l i c a t h n  i s  p r imar i ly  dependent upon the  s p e c i f i c  su r f ace  a r e a  of 

t he  s o f l  and s o i b c o n t a i n i n g  l a r g e  percentages of  s i l t  a d  c l ay  r e q u i r e  

l a r g e  appl.icati.on r a t e s  of  R - l  which do not  appear economically f e a s i b l e ,  

Treated soil .  must be abso lu t e ly  dry before  R-1  e x h i b i t s  water r e p e l l e n t  

character is ti.^^. This  i s  shown i n  Figure 2 where the  only v a r i a t i o n  i n  

t rea tments  w a s  t h e  dryness  of  t h e  s o i l .  The s u r f a c e  of  t h e  dry column 

was completely waterproof,  t h e  wet column was not  a f f e c t e d  by the  R-1, 

and the  column d r i e d  t o  an  apparent depth of  l / 2  i nch  was a f f e c t e d  only 

s l ighLly  because t h e  s o i l  su r f ace  was not  a c t u a l l y  completely dry ,  

A major problem i n  the  use of R - l  i s  t he  f a c t  cha t  i t  f l o c c u l a t e s  

i n  water  of  poor q u a l i t y  s o  t h a t  a l l  our a p p l i c a t i o n s  were made w i t h  the  

m%t.eria.l d i spersed  i n  d i s t i l l e d  water ,  The manufacturer be l i eves  t h a t  

t h i s  problem can be solved and i s  m.ow working on i t .  Erosion r e s i s t a n c e  

was very poor and a l l  s o i l  panel  t e s t s  f a i l e d  because the  t r e a t e d  s o i l  

washed away, 

P ia te r ia l  R-2 

This  i s  an experimental  s o i l  s t a b i l i z i n g  compound which had 

demonstrated s o i l  waterproofing c h a r a c t e r i s t i c s  i n  t e s t s  by t h e  manu- 

f a c t u r e r .  It can be prepared a s  a powder o r  a s  a water  s o l u t i o n ,  The 

o r i g i n a l  supply w a s  rece ived  i n  s o l u t i o n  form and i n i t i a l  t e s t s  on in -  

f i l t r a t i o n  cy l inde r s  showed t h a t  480 pounds per  a c r e  sprayed on t h e  sue- 

f ace  of a loamy sand s o i l  completely stopped i n f i l t r a t i o n ,  Tes t  r e s u l t s  

were not  c o n s i s t a n t  and i t  became apparent  t h a t  t h e  mater ia l  d e t e r i o r a t e d  

when allowed t o  s tand  f o r  s e v e r a l  days i n  a d i l u t e d  s tock  sol.ution, 

Ma te r i a l  i n  t h e  55 gal lon supply drum a l s o  d e t e r i o r a t e d  a s  s o l u t i o n  was 
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w i  r h d r a m  and a i r  en t e red  the  drum, S i x  months a f t e r  r ~ e  or  l g i n a l  

tesEs the  reqle3red a p p l i c a t i o n  r a t e  increased  t o  540 pounds per  acre ,  

The manufacturer thought t he  d e t e r i o r a t i o n  problem could be solved by 

using t h e  powder form but we were never ab le  t o  completely s t o p  F n f i ~ -  

t r a t i o n  w i t h  t h e  powder, even a t  r a t e s  of 10,000 pounds per a c r e ,  

D i s t i l l e d  water  was used f o r  a11 t e s t i n g ,  The m a t e r i a l  r e a c t s  w i th  

Ca m d  Mg i n  hard water  t o  form inso lub le  curds ,  The manufacturer w i l l  

a t tempt  t o  so lve  t h e  d e t e r i o r a t i o n  problem and i f  t h i s  can be done w e  

w i l l  r e -eva lua te  t h e  m a t e r i a l ,  

Material. R-4 

This is  a two s t a g e  process  involving t h e  app lxca t i sn  of  two 

solutions i n  sepa ra t e  a p p l i c a t i o n s ,  Following a p g l i c a t l o n  of  rhe second 

s o l u t i o n  a complex r e a c t i o n  occurs,  involving the soil .  exct,~nge sgsmp~ex 

a s  we l l  a s  t he  appl ied  ma te r i a l s ,  and in so lub le  compounds a r e  formed 

which ace water r e p e l l e n t ,  Although r e s u l t s  t o  d a t e  have r o t  been suc- 

c e s s f u l  we be l i eve  t h a t  t h i s  two s t a g e  process  o f f e r s  cons iderable  

promise f o r  waterproofing a l a y e r  of  s o i l ,  r a t h e r  than tLEe su r f ace  alone, 

w i t h  a spray a p p l i c a t i o n ,  Snngle s t a g e  a p p l i c a t i o n s  waterproof oaly t he  

s o i l  su r f ace  when appl ied  a s  a spray and a r e  q u i t e  suscep t lb% LO e ros ion ,  

Determining t h e  r e l a t i o n s h i p  between requxred amomts of t h e  twcr 

ma te r i a l s ,  designated a s  R-4(a) and R-4(b), i s  no t  a s t ra igh&forward  

process  a s  i nd ica t ed  i n  Figure 3 ,  The quan t i t y  o f  e i t h e r  material c a ~  

be  reduced, up t o  a point ,  i f  t he  o the r  i s  increased ,  Cost f a c t o r s  W X I E  

undoubtedly determine t h e  optimum propor t ions ,  

Erosion r e s i s t a n c e  w a s  f a i r  i n  t he  s o i l  t r a y  t e s t s o  A f i e l d  p l o t  

has been i n s t a l l e d  bu t  i n s u f f i c i e n t  time has e lapsed  f o r  mea2ll!ingful 

observa t ions ,  
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Combined S-1 and R - l  

A 5 by 5 foot  s o i l  t r a y  was t r e a t e d  on October 6, 1960, w i t h  S- l  

at 1,300 pounds per  a c r e  followed by 900 pounds per  a c r e  of  R=Lo The 

treatment  has produced e s s e n t i a l l y  100 percent  runoff  of  a r t i f i c i a l  

p r e c i p i c a t i o n  and no d e t e r i o r a t i o n  has been observed t o  d a t e ,  A f i e l d  

panel  has been i n s t a l l e d  bu t  measurements have not  y e t  been made, 

S W Y  AND CONCLUSIONS : 

Prel iminary t e s t s  of m a t e r i a l s  intended t o  i n c ~ e a s e  p r e c i p i t a t i o n  

runoff  have been promising, An experimental a spha l t  emulsion has 

s t a b i l i z e d  s o i l  aga ins t  e ros ion  a ~ d  has shown good r e s i s t a n c e  t o  

d e t e r i o r a t i o n  i n  l imi t ed  exposure t e s t s  t o  da t e .  Several. ma te r i a l s  

have been t e s t e d  which form a water  r e p e l l e n t  b a r r i e r  on t he  s o i l  szarface 

when appl ied  as a spray ,  Problems r e l a t i v e  t o  fboccu la t ion  i n  hard water 

a r e  common t o  t h e s e  r e p e l l e n t  m a t e r i a l s  but  manufacturers a r e  working 

t o  so lve  them and s t a t e  t h a t  i t  can be done, The r e p e l l e n t  cxeatments 

a r e  a l s o  s u b j e c t  t o  e ros ion  bu t  it appears poss ib l e  t o  so lve  t h i s  

problem by us ing  a  two s t a g e  appl icatf .on t o  t r e a t  s o i l  below t h e  su r -  

face,  o r  by using t h e  r e p e l l e n t s  i n  combination w i t h  a s o i l  s t a b i l i z e r ,  

A t reatment  of t h i s  l a t t e r  na tu re  appeared q u i t e  promising En labora tory  

eva lua t ions  and i s  now under f i e l d  t e s t ,  

PERSONNEL: E. E. Myers, C. L. $enson, G. W. F r a s i e r  
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LXHE PROJECT; SWC ~3.0-4 D 0 : Axi~-WGL-9 

ImODUCTXON ; 

Evaporation from water surfaces i s  one of the  major nos-prsduetf\te 

losses  whi ch deplete avai lable  w&er supp3.ies i n  rsri d and seanii.-ax i d  

ag r i cu l t u r a l  and pas to ra l  areas.  This Boss i s  g a ~ r i @ u l a r b y  Lmportank 

where water storage f a c i l i t i e s  a r e  small and shallow, Stock ponds 

generally f a l l  En. t h i s  category and evaporation losses  l i m i t  use o f  

stock ponds S.n many rangeland areas  06. the Southwest, 

A csnsi.derab3.e amount o f  research has been done on the app2lcacEon 

and effect iveness  of evaporation suppressing monofiBms, Hexadecm.o$- 

sctadeeanol mixtures have been found t o  be the most e f fec t ive  aaa3teriaIs 

f o r  water temperature conditions prevalent in the Southwest, Flsatxng 

wire-mesh r a f t s  have been shown to  be sa t i s fac to ry  devices fo r  applying 

a s  t o  water surfaces up t o  two acres in s m e ,  kndieator oTLs for  

measuring the pressure of monofi s have been developed, Tnese dcve$op- 

ments presentdy a r e  being used i n  the design and evaluation of a p rae t i -  

cal, Low-cost r a f t  system f o r  applying monofiPms t o  s m ~ t L l  ponds, 

rnOCEDrnE : 

The o r i g ina l  r a f t  design revealed f a t a l  s t r uc tu r a l  weaknesses 

during f i e l d  t e s t s  t n  l a t e  4959 and ear ly  1960, These were eas33-y 

corrected and improved r a f t s  were furnished cooperators i n  Nevada and 

A s i z o ~ a ,  Persmnel. of the Bureau of Land Management agreed t o  run t e s r s  

on a two-acre stock pond near Caliente, Nevada, and personneb s f  the 

Watershed Technology Research Branch, Agricultural  Research. Se rnce ,  

agreed t o  run t e s t s  on three  ponds near Tombstone, Arizona, They were 

a l so  provfded supplies of hexadecano l -oc t adecd  and i n d ~ c a t o r  or",, 
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Previous attempts failed to obtain reasona.bly re.1iabl.e estimates of 

evaporation reduction f r ~ m  differences in water surface drop during a3- 

ternate periods of treatment and am-treatment with monofilm, It was then 

decided to use indicator oils and these were prepared on the basis of in-  

formtion supplied by the U, So Bureau of Reclamation, Evaporation sup- 

pression will be calculated on the basis of film pressure indicated by 

application of indicator oils to various points on the water surfaces 

before and after recharging the rafts, Other investigators have done 

work to relate evaporation suppression to film pressure and their findings 

will be used to make the calculations, 

Plans called for replenishing the rafts once a month and for meas- 

urement of film pressure before and after repleni.shment, Air and water 

temperature was to be measured, wind speed and direction measured or 

estimated, t.he condition of hexadecanol-octadeeanok flakes Ln the raft 

observed, and other observations, such as algae growth, were to be made 

as pertinent to the performance of the rafts, 

RESULTS AND DISCUSSION: 

Few data were obtained because of anchor system failure at one site 

and a natural disaster at the others. 

Tombs tone Ponds : 

Stock ponds in the Tombstone area remained dry because of unusual?Ly 

low rainfall and no data were obtained from the three instrumented pondso 

Nevada Pond: 

The raft was installed on July 26, 1960, Measurements on July 29 

indicated a minimum film pressure over the entire pond surface 3.r excess 

of 12 dynes per centimeter with some areas in excess of 34 dynes per 
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cent imeter ,  Wind speed w a s  about YO mi les  per  hour ,  Aus~saZ ian  r e sea rch  

has i nd ica t ed  thar. t h i s  f f h  would reduce evapora t ion  more than. 40 percext ,  

A temporary personnel. shor tage  prevented v i s i t i n g  t h e  pond aga in  nntiP 

September 25 when it was found that t he  anchor system had f a i l e d  due t o  

storm mmoff f i l l i n g  t h e  pond above t h e  a n t i c i p a t e d  h igh  water  l i n e ,  The 

hexadecanol-octadecano.l had been deple ted  and only pa r t i a l .  f i l m  coverage 

could be de tec ted ,  On November I t h e  anchor system had f a i l e d  aga in  and 

no measuremeats were made, Operat ions were suspended u n t i l  t he  sp r ing  

of 1963., 

A new anchor system i.s being designed and arrangements w i l l  be made 

f o r  recharging t h e  r a f t s  a t  i n t e r v a l s  no t  exceeding one month during the  

next  s tudy season. Study ponds a r e  a l s o  being obta ined  near  t h e  Laboratory 

s i t e  t o  permit d e t a i l e d  s t u d i e s  of f i l m  d i s t r i b u t i o n  p a t t e r n s ,  

COMCLUS IONS : 

Despite  t h e  gene ra l ly  dzseouraging f a i l u r e s ,  t h e  one s e t  of meas- 

urements obtained confirmed t h e  assumption t h a t  a n  adequately maintained 

r a f t  w i l l  s a t i s f a c t o r i l y  apply a monofilm t o  a 2 a c r e  pond, even w i t h  a 

10 m i  l e s  per  hour wind, 

PERSONNEL: L, E, Myers, C, Lo Jenson, G o  W. f i a s i e r ,  
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kbe 1959 United Ssates Ceauus af AgrlcuEt~xe xeposted t3at a l l  

applied water was measured an only 31 percent  sf the 5 r z i g a ~ e d  land i2 

the States st Arizona, Hevada, Hew Kexieo and UDa,k. Efkieient use  of 

frriga$$on water cannot be expecEed when it is not mea~ured~  T h i s  preb- 

lem is particularly cri%%cab IT; regard ko pumed water s a p p l i e s  where 

costs are kigh and where gsoundwaker s h p p 1 i . e ~  aze being depleked by 

excessive piurnping. Low-cosE, acca' rate metlods of measuring irrigation 

water are urgent ly  needed. 

Previous %we8 tigators h w e  fonnd that, s taaderd camercda1 p i p e  

elbows can be sati.l%aeid as aecuate, Low-cost water ncawoing devl.ces hy 

coxrelai"ling vel.ocEtg fadrtcsd p r e s s u r e  differentiags, becween the, instde 

a ~ d  the oubside of the e3bow bend, with  rate of ~ Y G J W  th~6t:\gh the elbows. 

Use of thLe dawlce has been re&mded by the nec~ssity fo r  Bndi,vbdual 

calll.dswtF.on of e'Bbews ~EAX~*,!SC" of d.@amic d%~"~Im%BarAit i (" ,~ c,wsed by ot5er 

elements in the pipe sys tems.  These devices wi .41  f i n d  wide w e a g e  if 

stxmdard ~a::ing curves caa be dwelsged.  Accordingly, a project was 

fnjtfotxed to develop means 02 ~obsai.alag dynam5.e +similarity isu eEbcw flow 
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and f i t t i n g s  were etandard 3-inch glminal ins ide  d$;lmeter, Pressure 

taps  of l /8-inch diameter were d r i l l e d  t h o u g h  the  ins ide  arid outs ide  

bend of the  elbow a t  t h e  center  of cwxvatwe and i n  the  center  l i n e  

~ l . a n e  of the  csnaecting pipes. DifferentiaX pressures from 0 t o  3Q 

inches sf  water were measured with an inverted IJ-tube manometer which 

could be read t o  111 inch. D i f f e r e n t i a l  pressures froni 30 t o  LOO 

&fiches sE water were measured with a Bsurdon tube d i f f e r e n t i a l  pres- 

sure  dial,  gage, accura te  t o  2 0.5 inch, which was reca l ib ra ted  a t  i n t e r -  

v a l s  with a p r e c i s i ~ r i  pressure tandard, Pressure paalsntfsns were damped 

with c a p i l l a r y  tubing, 

A rec i rcu la t ing  flow system was used Lncludirug: (1) a 3-inch, 15 hp 

cen t r i fuga l  pump with an 8 fsoe m,a~irnm l i f t  from a 1,000 cubic foo t  

sump, ( 2 )  the  pipe s y . ~ ; t e m ,  and (3) a weir box which discharged i n t o  the  

sump, After  each change in t h e  flow system, the  system was operated 

mti1 s t a b i l i z a t i o n  of a11 water l e v e l s  occurred so t h a t  f ow r a t e s  were 

constant  during tmeasuremeant periods, The r a t e  of Elm was measured with 

a 90 degree If-notch w e i r  i n  a baff led  box cons'iructed t o  meet the  w e i r  

flow a s s m p t i ~ n s ,  Head on the  weir  was measured with an e l e c t r i c a l  point  

gage, accurate t o  Q.001 foot ,  i n s t a l l e d  i n  a s t i l l i n g  w e k l .  Vo lmet r i c  

c a l i b r a t i o n  of the weir agreed with the  t h e o r e t i c a l  w e i r  discharge 

equation within 0,s percent.  

The test elbow meters were instalLed a t  .various locotion Bn the  

pipe system with d i f f e r e n t  arrangements s f  valves, dbtows and a t r a i g h t  

p ipe  lengths t o  impose var$sar;s flow d i s t u f i m c e s  an the elbow meters. 

Tesrs were ram with and w?g",@ut ehe inska.l%aLion s f  experimental devices 
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each se tup and cakibra t ion  curves were conscrucred by plotting differen- 

t i a l  pressure in inches of water a einsx f l o w  rate E n  cfe on log-log graph 

paper, Equations f o r  the Isttad curves were obtafned by graphic measure- 

nent  0 

The 3-$rich flow meters pcoved sup r i s i n g l y  accura te  and d e l i b e r a t e l y  

%ndGced e r r o r s  were fay smaller than expected, The measuxemerets ploteed 

e s s e n t i a l l y  as a s t r a i g h t  k ins  c m  Bog-log graph paper, &ken ploteed 

rha..c an error had been made in measuji.r&ng the differential pressure because 

equations were of the f o m  

a, = c# 

pressure in f e e l  of wacer, and n is a c m s t a n %  exponenLo 

Resulrs oE t he  var ious  ceszs are as follows: 

Standard installation: - 
The r e l a t i v e l y  i d e a l  FnsraLkaLfan shorn i:k Figure 1 was selected a s  

the  standard with which other  tests would be colmp&redP0 The elbow-was 

these  straight sec t ions  were used t o  control the Ekswo Hdatical caPB- 

bra t ion  curves were obtaiaed, as shown in Yigure 4, regardless  of the 

ed f o r  Slaw csnLml,  Tkis sLandard equation was: 

Q -- 0,326E 8,500 
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Gate va lve  turbulence ;  -.-- 

Gate va lves  a r e  known ts cause s e r i o u s  errors fn elbow E l k ~  necer 

measurements if i n s t a l l e d  s o  t h a t  t h e  J e t  f r o 3  the par$Aakly opened 

va lve  is d i r e c t l y  a g a i n s t  e i t h e r  t h e  i n s i d e  ss t h e  o u t s i d e  of  he elbow 

bend, Minimum e r r o r  occurs  when t h e  valve is %nstaEled a& 90 degrees 

t o  t h e  elbow curva ture ,  This P a t t e r  s i t u e t i o g  w a s  checked by t h e  s e t u p  

shown, in Figure  2 where va lve  number 1 was i n s t a l l e d  4 diameters  

upstream from t h e  v e r t i c a l l y  EnstaZ%ed elbow and 20 dimeters of s t r a i g h t  

p ipe  foPlawed t h e  el.bow, Flow w a s  control led.  w i t h  v a l s e  number 2 which 

was i n s t a l l e d  46 iamecere ups t r ean  f r m  an elbow which discharged ento 

va lve  number 1. C a l i b r a t i o n  curves were obta ined  w i t h  va lve  number 1 

a t  var ious  s e t t i n g s .  Equations f o r  t hese  curves were as fol lows:  

Valve open Q = 0.32.48 0.500 
(2) 

Valve 6/10 open Q = 0.327B 
0.580 

Valve 4/10 open Q = 0,328B 
0.500 

open Q = 0,3188 0,503 
(5) 

-0,518 Valve 2/10 open Q = 0,318h ( 6 )  

The eal ibraQFon c a m e  f o r  the 2/10 s e t t i n g  is  shown i n  P i g w e  4. Errors 

exceeding 2 percent  were n o t  caused u n t i l  t h e  va lve  w a s  less than 4/18 

open, 

The e f f e c t  of tu rbulence  from. ek c e n t r i f ~ r g a l  p . ~ ~ p  was measured wi th  

t h e  se tup  s h s m  i n  F igure  3 wi th  4 diameters  of s t r a i g h t  p ipe  between the  

pump and t h e  ve r t i ea11y  mounted elbow and w i t h  28 diameters  do~mst ream 

between t h e  elbow and t h e  Elow c o n t r o l l i n g  g a t e  valve.  The equat ion  

obtained w a s  
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by moving t h e  f l ange  s f  t h e  upstream pipe  sec"L-'on as f a r  as pass'9bB e. 2 

about 1/8 Bnch o f f  cen te r ,  toward t h e  i n s i d e  s f  the elbow bead before 

A s l e e v e  i n s e r t ,  shorn in Figure 5, was then  deslg2ed t o  eIi~t$-aate t h e  

poss i b f  Li ty  of misalignment and &s elj-minate varEat ions  In zoug!xress 

among J s i n t s ,  whether the f l anges  m e  welded o r  tbremded on the. pipe, 

The i n s e r t  in t roduces  a s l i g h t  r e s t r i c t i o n  whkle providing a a ~ , a o t h  

Elbow reversal: 

The elbow w a s  reversed  Pri t h e  szandard se tup  mad rhe r e s a i t 5 i g  

equat ion was 

Q =: 0.327B 0.505 

S p i r a l  flow was considered t o  be a source of e r r s x  which c o d d  be 

e l imina ted  by t h e  use  of s t r a i g h t e n i n g  vanes. A comexcla.7~ vane w a s  

ob ta ined  which cons i s t ed  s f  twelve 1-inch f i n s  welded arwund a 3/4-lnch 

tv.i.be, A f t e r  a number of runs were made wi th  t h i s  vane iastaSIed, we 

began t o  suspec t  t h a t  t h e  vane w a s  n o t  symmetrical arn~r.%d i t s  senge:c 

l i n e  and was c r e a t i n g  r a t h e r  than  c o r r e c t i n g  e r r o r .  The vame was she3 
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the standard equation were bcss than gwo percent, Tho standard s e w p  

equation obtained was 

Discussion: 

The cal ibra@isn equations obtained for the var ious  L e s t  %nstidlarLons 

pare Listed i n  she fo%lswk~g table which stows %he d d ~ % h ~ E i l ~ v , p  between atand-  

ard calibration equation and equations sbkafned w i f ~  deliberately induced 

f %ow dis tarbanes , 
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--- -- -----&-----p- 

Dev ia t l ou  2 rag 8 c3pdapd Eq ge.-$-;m- 
W F - a - m  - 

Test Conditions Egua t $an Z ~ Q ~ J  z ~ t s  Z i o w  .t.a& 

( 2 )  Gate valve open Q = 0 , 3 2 4 9  -0,5 -Q,6 0,500 

(3) Gate valve 6/10 open Q = 0.327EZ 
86,500 

CO, 3 +0,3 

4 Gate valve 4 . / E B  spen Q = 8 . 3 2 0 H  8,500 
-1 ,8 -108 

0,503 (5) Gate valve 3/10 open Q - 0,3189 -2,7 -11.8 

0,5 18 
(5) Gate valve 2/98 open =. 0,3E8% -8 ,P -1.3 

(11) Straightening vane, Q = 0,3 -8,7 
position 1 

(12) Straightening vane, Q = 0 ,31QR 0,513 -7,7 -2,s 
pos i t ion  2 

0,503 (13) Alternate elbow Q 00329H +O,P +::. 4 

The above equations were obtained by gra hie  means and the constants and 

ject. These equation8 as shown tnd%cace that deffnFceLy signifkcant end 

appreciable errors in excess ok 2 peccent were ca~sed  only by the partYaLLy 
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i d e n t i c a l ,  Furthermore, these  r e s u l t s  were repi:sdaci'bEe mien tne pipe 

system was to rn  down and reassembled between runs, 

Additional t e s t s  a r e  being made with o the r  f l o w  d5a tw~blag  dev5.css 

such a s  180 degree bends and t e s t s  w i l l  be m d e  wiQh long and s h o r t  r a d L ~ 9  

elbows f abr ica ted  by various naa~ufactemrers. Af te r  ~mr& ~ 5 t h  3-inch e1hstj.z 

is  completed, t e s t s  w i l l  be made f o r  &inch, 18-inch and 12-fa&5 ddgimezsc 

elbows, 

SUHMARY AND GONCLUSZONS : 

Galibratdon curves of d i f f e r e n t i a l  pressure versus flaw rate we-@ 

obtained f o r  a s tandard 3-inch, short radius,  c a s t  iron, 90 degree, flallged 

ekbow flow meter wi th  deliberately induced flow dislurbarrcas and were 

-1, compared wi th  the  c a l i b r a t i o n  cu-me f o r  a I t s  tarndar'dv"bnstaPLatisao a~ne  

d i s tu rb ing  devices included a g a t e  valve, ceatriEtqgid pmp,  W . ' S E R ~ ~ X T ~ E K ~ " ,  

of connections, and a com~exc ia l  s t r a igh ten ing  vane, 0d.y the near ly  

closed valve and the  scrraightenizug vane caused es ro  r.8 exceedhg 2 p-x.rcce, 

Reversing the  elbow and use of another  elbow by the  s a ~ e  manufa@ixm~-c 

d id  not  cause e r r o r s  considered t o  be of p s a c t i c d  concern, A.tddi~%onal 

tests of 3-inch elbows a r e  in progress and the  study will %:so iwcLude 

elbows of l a r g e r  diameter,  

BrelPrninaxy r e s u l t s  h d i c a t e  t h a t  sbsemance of reasonable prs- 

cautions and c a r e  i n  ins ta lPa t ion  and operat ion will p e r m i t  the  w e  c f  

standard c a l i b r a t i o n  r u n e s  f o r  3-inch, shore radius, c a s t  kox, 90 

degree, flanged elbow flow nebsers. 

PERSONNEL: L, E, Myers, R, 3, Brust 
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SLEEVE INSERT 

3" PIPE 
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a e t i v i  ry, ~.nvslve;z the ced isus task of trenching-out the  planr root  

Hall, ,ets, (I), to measure root  growth and ac t i v i t y .  By at5apth.g 

some of t h e i r  es to xhe i r r i g a t e d  land some f u ~ d m e n r a l  

questions s f  sof 1.-plant-warn relations and probBc~.a; af fiaPd manage- 

time o f  the  growing season, 
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DIES IGN OF EXPER 

I n  t h e  preli.mi,nary s tudy  f o r  1960, f o u r  r e p l i c a t e s  were e s t a b l i s h e d  

on a 2'75' x 32' pl.ot, Sorghum RS4lr3) was plan'fied on July 28 srx a 

40-inch spacing imkerval; eight.  rows were e s t a b l i s h e d  i n  t h e  32-Esot 

wide p l o t ,  The t h i r d  and s i x t h  rows were used f o r  t he  radiotra4;er 

t rea tments ,  

One m i l l i l i t e r  of a 1 2  pc/ml KH PO s o l u t i o n  was i n j e c t e d  i n  each 
2, 4 

i n j e c t i o n  s i t e  on both  s i d e s  of t h e  test row on Augusk I 

II a d  IIZ) and August II ( p l i c a t e s  1 and I@. There ware 6 i n j e c t i o n s  

pe r  t rea tment ,  F igures  1 and 2 show the  po in t  05 i n j e c t i o n  i n  r e spec t  

t o  t h e  p l a n t  row* S i x  de ths--6, 12, 18, 24, 36, and 45 inches-%-and 

f o u r  distances--5, 10, 15, and 20 inches--were used,  This  gave a t o t a l  

of 24 t rea tment  c i n a t i o n s  whfeh were eonpketeely randomized wilthia a 

r e p l i c a t e ,  

Construct ion d e t a i l s  s f  t h e  i n j e c t i o n  pr&es  a r e  shown Pn f i g u r e  3 ,  

A 0.08%-irreh c a p i l l a r y  krrbi.ng was f i t t e d  i n s i d e  a 1J8-inch red-brass  

p i p e  and so ldered  t o  i t ,  Two ho le s  were d r i l l e d  through a b r a s s  p o i o t  

t o  connect t o  the  bottom of t h e  c a p i l l a r y  tubing.  The upper end of 

t h e  c a p i l l a r y  tub ing  w a s  f i t t e d  wi th  a m'bber policeman, 'She rad io-  

a c t i v e  s o l u t i o n  w a s  i n j e c t e d  through t h e  rubber policeman i n t o  t h e  

c a p i l l a r y  tub ing  wi th  a hypodermic needle  and syr inge .  K i l  probes 

were checked f a r  l eaks  b e f o r e  be ing  used. 

I n j e c t i o n  probes with p o i n t  l were used i.n t h e  1960 e x p e r f m a t ,  

Bn improved probe point: (alternate p o i n t  2) Is a l s o  p re semed  i n  t h e  

diagram, %is i s  s t u r d i e r  and e a s i e r  t o  cons t ruc t  than t h e  o l d e r  

model, 
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One i r r i g a t i o n  l e v e l ,  5 inches,  was used which was based on a 

biweekly schedule f sl lowing t h e  i r r i g a t i o n  p r a c t i c e s  of she adjacenr  

sorghum p l o t s ,  The c r o  was niok i r r i g a t e d  i n  September because o f  ruc 

r a i n s  of 0.50 and 0*72 i nch  wi th in  a week yrdor  t o  the  scheduled 

i r r i g a t i o n ,  

Two-iracke alumlnun acces s  tubes f o r  t h e  neutron mois ture  probe were 

i n s t a l l e d  on Rep l i ca t e s  L and 111, a t  5, 10, 15, and 20 inches f r o n  t h e  

t e s t  row t o  a deptb a f  f i v e  f e e t  on August 16. S o i l  moisture measdrr- 

ments were taken once a week a t  12-, I$-, 24-, 30-, 36-, 42-, 48-, 54-, 

and 60-inch depsbs s t a r t S n g  on August 19, 

P l an t  smp%es were also c o b l e c ~ e i l  every week a t  t h e  sane t i m e  t h e  

mois ture  readings were made, Far  t h e  i n i t i a l  sampling on August 26, 

qhe whole p l a n t  was taken, b u t  t h e r e a f t e r  u n t i l  October 21, t he  t h i r d  

32  
l e a f  f r m  the  bottom was sm.pled f o r  P and t o t a l  P analyses .  

Addi t iona l  sampling o f  g r a i n  was made and cantinrred u n t i l  November 18, 

EXPERImmAE DATA, OBSERVATION AND IHTEW~TA'SxOMS 

S i x  trear,me.ntzs were l o s t  i n  Rep l i ca t e  I, two in Rep l i ca t e  I V ,  and 

one i n  Repl ica te  11 because of dying-out s f  t h e  sorghum i n  t h e  t r e a t e d  

s e c t i o n s ,  Portunaeely,  none were l o s t  i n  Rep l i ca t e  111, The l o s s e s  

were a t t r i b u t e d  ts t h e  h igh  temperatures encountered by t h e  young 

p l a n t s  f o r  t h e  l a t e  p l a n t i n g  d a t e  and no t  t o  any unfavorable  chemical 

o r  phys i ca l  conditi.on i n  t h e  p l a n t - s o i l  environment r e s u l t i n g  f r o m  t h e  

i n j e c t i o n  of t h e  t racer  ~ ~ l u t i . 0 n ~  Chemical and s t a t i s t i c a f  anakyses 

f o r  t h e  e n t i r e  experiment a r e  no t  complete. However, s i n c e  Repl icare  IZT 

s u f f e r e d  no treatxrlent; l o s s e s ,  p r i o r i t y  was placed on t h e  radioehemi.ca1 
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32  
By using the t h e  required fo r  Zhe P to show UP Ln en= 2xir and 

32 
the posi t ion of t h e  P .injection, she rates o f  roor growch of d ,75  

f$eh per day for  the 18-tneln de Es tame plant and k ,Z inch 

per day fo r  the  36- Y ach depth, 13-iur.e$ d i s  ranee t.cearrr,enk were 

calculated, 

P~~ ac.tivity waa detected i n  the f i r s r  samy.lings fo r  the 48-irr? 

depth a t  the 5- a r d  1 -inch distance from the plant  row so chat  an 

accurate measur ent o f  the catc of root growth f rov these Larca~-,:ans 

cannor be mdde. &oxever, for t e root t o  reach the52 p~sir.%o.m l a  me 

er iod,  the f e t e  o f  root extensfon WE(LB~:  have been a t  

l e a s t  1.6 inches per day, 

The rates  of root growth o f  0.95, 1-0 arid l o b  i n c h e s  per day seem 

t o  be reasonable values, Rxamer (2 c:li,ces s m e  references far dl'* ferenx 

grasses where t h  rates ranged from Q,5 t o  2,s inches per  day, ZE the 

calcu%ar,ed rajtas sf  root extensl,on sf 0 , 7 5 ,  I* and 5.,6 are considered 

i n  r e l a t i on  t o  the osfffatsn in. the s ~ I . 1  p r o f i l e  f~orn. w h i c h  they wece 

iletemi.ned, there i s  a dif2'erenLlal care of' rom growth th~o~xigbouc the 

s o i l  p r o f i l e  and t h a ~  m o t  extension aceurs  a t  a faster rate  vertica2i.y 

fhazr l a  ceral1Sy0 Add1 L1.0081 8abPysis  OF data  and expeslrnanr 5 h o ~  la afd 

i n  substantiating s m c  of  the i o t e r p c e t a t l o n s  t h a t  are  offered a't t h f s  
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presented graphiea19.y in  Figures 4 and 5 from rhe leaf  and h o i e  plank 

analyses f o r  the  period August 26 t o  October 2k, 196 These rd r  i ~ b  

have some b i a s  because the  in jec t ion  points  were nor d i s t ~ i b u r ~ d  ~ n f -  

f o m l y  throughout the  s o i l  p r o f i l e ,  but  nevertheless,  gives a r z l a t i v z  

p ic tu re  of the  root  a c t i v i t y  d i s t r i b u t i o n ,  

The root  a c t i v i t y  c9,ose t o  the  p lant  (51-inch depth, 6-inch clistariee) 

decreased markedly with time but  remained a t  a high LweE c.~mpared as 

locat ions  f u r t h e r  awijty from the  plant .  Roots a t  the 28- and "i53inc"T 

distances and 1%- t o  24-inch depths incre-ased i n  acti,vity as hhe ones 

c lose r  t o  t h e  p lan t  decreased. Approximately 90 perceak o f  the root 

ac t iv fcy  i s  confined within the  region of the  36-d~c..'CI eiept5 a i d  L5-Yneh 

d is tance  from the  p l a n t  row, 

The plant  rows adjoining the  t r ea ted  one were also sampled on 

32 
October 21 and analyzed f o r  I? Activi ty was present i n  the border 

p lan t s  where z%e in jec t ions  were made 25 and 20 fneheb from them 9x5 

and 20 inches from the  t r ea ted  row) and no measu~abke aezivicy f o r  t \e  

30 and 25-inch dis tances  (10 and 5 inches from khe t r ea ted  row), Thus 

under the em,7Fronmen,ta1 condit ions f o r  the  gxorrd-~~g aassor+ of the  SOC&VS.~B 

plants ,  root  extension hor izon ta l ly  from the  p lant  row i s  25 3me3es for  

the  three-month-old p lan t s .  

A f ive-foot  deep trench was dug perperkdicubr t o  one of: the Duffer 

rows on September 23, Visual examination showed that .  a major port ion 

of the  roots  were wi th in  the  36-inch depth, 15-inch disrance  C o e n d a ~ ~ ~ ,  

Sme root  h a i r s  were observed even a t  the  f ive-foot  depth, 

The i r r i g a t i o n  and r a i n f a l l  da tes  a r e  a l so  indicated  i n  Pigtires 4 

and 5, Om days whe~ the  i.rrigati.0~1 and p lan t  smpZss were taken s h e  

- 62 - 
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water was applied a f t e r  the  sampling and a o i s t u r e  X E . ~ S L ~ P ~ T ~ ~ - L U . : ~  viere 

taken, The i r r i g a t i o n  fxeatment did not  seem $0 hawe any d i r e c t  

e f f e c t  on the  r e l a t i v e  root  a c t i v i t y  behavior a t  a3y depend or dls-  

tances from the  p lant  row, 

S o i l  moisture d i s t r ibu t ionLI  The so"% moisture conLent as d 
M 

funct ion of time a t  5, 10, 25, and 2Q inc~hes krom ~ 5 e   plan^ raw and 

a t  the  d i f f e r e n t  depths a r e  presented i n  Figure 6, Wc; p loz t ed  

values are  averages of the  measurements f o r  Rep1.Fc:ar~~~ ii ard "XI":. 

e sf the  reasons f o r  t a k i l g  the moisture readings was to r ~ h i k e  c6e 

moisture content t o  the  root acti>v'i.rg distsfbrir ion p a t t e r n 8  dezamined 

by t h e  radiorraeer  techref que, bhxek ly  irrigaxlon %&s 6 \ 3 9  . f r ~ q w ~  r 

1 I 
however, so  rhe moisture eontent  was usual ly  ab~ve. the e q u i l x b r l m  

-value of appcoximately 25 percent  ( f i e l d  capacf tyj arid c?ms ermages f P. 

moisture content f a  a given region s f  the s o i l  profiLe ref3eecrd nor 

only thac eaaaaed by rooc abaoq t ion ,  but  char r e s u l t i n g  f r o m  tLe m i ( 3 ~ ~ -  

ment of water P r o m  one region t o  another, 

S 

A rme~had fsc de temin ing  the  roof; ackivir-y of an i r r iga ted  crop 

throughout i t s  growing season has been Envescigated, I%e teehrffqbe 

involved the  i n j e c t i o n  of small amounts of radioacsiwe s s l a t i o n s  Znto 

the s o i l  a t  wafious depths and dis tances  around rhe plan.., aad rhc 

measurement of the  absorbed radfot raeer  In the aerial pox r Eon sf kk. 

plan t ,  From a knowledge of the  time of appearance, che guaot.l.cy of' 

r ad io t race r  absorbed, and the pos i t ion  i n  t h e  s o i l  f r o m  whick c.Re 

rad io t race r  was absorbed, i t  i s passi.ble t o  est imare rhe sate and exkmt 

of root  growth and the  r e l a r i v e  a c r i v i t y  of the  roo t s ,  
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For sorghum p lan t s  a t  4B-irack~. row spacing and under b i w ~ l f y  i r  r i -  

gation, the  root  zone extends 25 inches on both s tdes  sf  the planr  TOW 

t o  a d e p ~ h  s f  5 feet.. Approximately 90 percent o f  the roo5 a c t i v l t y  is 

located 15 inches on eikher s ide  of she row t o  a depth of 36 inc 'hta ,  

Average r a t e s  of root  growth ranged from 0,75 t o  a c  l e a s t  Q,5 inches 

per day and the  r a t e s  seem t o  be r e l a t e d  to  the pos i t ion  s f  the  roots  

i n  the  s o i l  p r o f i l e  and the  d i rec t ion  of growth, The d a t a  used i n  t h i s  

repor t  d id  n ~ t  ind ica te  any rejuvenation of root  ac t imi ty  a t  the 

shallower depchs a f t e r  a r a i n  o r  i r r i g a t i o n ,  

WPErnI\SCES 

9, Hall ,  M. ., Chandler, V, F., Van Bavel, 6, H o  M., Reld, Po H e ,  and 

Anderson, J, R. A t r a c e r  technique t o  measure growth and a e ~ i ~ ~ i t g  

of p lant  root  systems, North Carolina &re Exp, Sta, Bull., I.Cl., 

19.59, 

2, K r m e c ,  P. J , Plans and s o i l  water: r e l a t ionsh ips ,  MeGra~&-Hf I f  

B m k :  Cmpamy, &race pp. I 2 6 - l Z  1949.. 

PERSOmEL; Po S ,  Nakayma, C, H, M, van Bavel. (Advisory), and W. D. Pew 

(Farm Superintendent, Mesa). 
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Table 1. Sample analysis  of P~~ a c t i v i t y  of p lant  material  (c/n/g) 
from the  d i f f e r en t  depth-distance eombiaati.ons f o r  
Replicate III, (Material taken on August 26, 1960,) 

B 6 Inches 
3 I 
PJ 
a1 18 Inches 

36 Inches 

48 Inches 

ms tance  from P1an.t Row 

5 Inches 20 Inches 15 Inches 20 >bebet 

282,662 42,505 1,323 383 

37,660 3,806 440 440 

6,890 2,405 408 0 

I, 521 1,001 28 1. 0 

2,564 5 20 0 

4,888 48 E 0 0 
UY_I__ 
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I = I r r i ga t i on  
R =. Rain 
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DEPTH FBOH ROW 6" = O 
7 7 1 1  , 
t'l @ 
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F t g ~ r e  5, RelatLve roo t  a c t i v r t y  o f  sorghum plants, depth from row 
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from s o i l  and p lan t  mater ia ls ,  combustion of eprgani.9: matter,  and 

reduction of t r i t i a t e d  water t o  gaseous hydorgen. 

A Baird-Atomic Model 74.54 l i q u i d  scinti1la"korn dloun&hg systxxn 

was obtai.ned i n  June f o r  the  assay of t r i t i a k e d  water i n  acc~rd~%:~ea 

wi th  p r inc ip les  discussed i n  an ARS 41  s e r i e s  publ iea t ion  Q2), A 

diagram of the  bas ic  components used i n  the  system is shown in Figure 

1, The timer, sca le r ,  and high vol tage  scpp3.y were t e s t e d  and f o m d  

t o  be compatible wi th  e x i s t i n g  gas flow counter  and g ~ m w .  ray de$ect8re 

The l i q u i d  s c i n t i l l a t i o n  de tec to r  and the  amplifier-analyzer are 

the  important components of t h i s  system. A schematic diagram sf a 

sec t ion  of t h e  de tec to r  i s  presented i n  Figure 2, The 5-drax (20 mE) 

sample b o t t l e  is loca ted  Medicab;ely above t h e  photomult ipl ies  k a b e  

and separated from i t  by the  Q,Q18 inch tkai.ck wires,  Light  which I s  

produced from the  i n t e r a c t i o n  of  the  @-ray from trits~m wgtb the 

organic s c i n t i l l a t o r  l i q u i d  is  detec ted  by t h e  phot~kube,  The 

phototube, unfortunately,  has some inherent  e l e c t s f  caf xmim (dark 

cu r ren t )  which i s  recorded a s  pc lses  by the  sceZBng eystem aad t h u s  

adds t o  the  background count. The noise. can be decreased by lowex- 

ing the  temperature of the  phototube. The d e t e c t o r  u n i t  is cooled 

i n  a deepfreeze u n i t  a s  shown i n  Figure 1. 

The amplif ier-analyzer  rece ives  the e l e c t r i c a l  pulses o?c%ginat- 

ing from the  phototube through a pre~.snplffies u n i t  which is  built 

i n t o  the  de tec to r  component, The analyzer  i s  designed to pass 

through s i g n a l s  which o r i g i n a t e  from t h e  @-ray of txdtihm. Unfar- 

tunately,  the re  a r e  o t h e r  e l e c t r i c a l  s i g n a l s  praaene wi th  sink?,ar= 
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energy eharegcteristfcs as those resulting from the taWhx. p-:rays and 

these will also be recorded, The apkificntion factor foe she 

5 5 detector amplifier units are very large--10 to 90 for the photo- 

multiplier tube, 40 for the preamplifier, and 160 for the 

mplifier-analyzer--and external electric ncpiaes are eaai1y 

up, To reduce spurious counts, electric calculators and t~ypem5.ters 

had to be provided with interference filters, Further s t a b i l i t y  in 

the syskern was obtained by installation of a voltage stabiLfzar in 

the power line of the amplifier-analyzer and an fsola&ion trans- 

former on the freezer. Spurious electric signals which affect the 

counting accuracy have been minLzized and are not considered as a% 

serious problem, 

Aazalgsis of tritiated water 

The diowane-naphthalene liquid scintillation sskution similar 

to the one described by Kinard (2) was used in most of the! assay 

studies. Xapvestigations were also started on the toluene-ethanol 

and the dioxane-anfsole-dfmethoxyeehane 1Fqukd scintillation 

solutions, but some preliminary results using the same assay con- 

ditions as the Kinard system showed that these were less efficierie 

than the dboxane-naphthalene and thus were not explored as 

extensively, The dioxane-naphthalene scinti4lakion saslalialon was 

made from the following materials per liter of p-dioxane: 

(a) Naphthalene 125 g 

(b) 2,s-diphenyfoxazole 7.5 8 

(c) 2,2' -p-phenykene-bis- (5 phenylsxaxs%e) 0.375 g 
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The d i f f e r e n t i a l  counting technique was used f o r  che aeeag of 

t r i t i a t e d  water ,  The instrument s e t t i n g s  f o r  obtaining max&xm 

ef f i c i ency  of the  instrument were de temined  by standard differan- 

t i a l  counting procedures. 'She condi t ioas  f o r  optiman counting a r e  

l i s t e d  i n  Figure 3, The counting e f f i c i e n c i e s  f o r  d i f f e r e n t  anaunts 

of t r a c e r  water i n  15 m l  of s c i n t i l l a t i o n  so lu t ion  were a l s o  

determined and the  r e s u l t s  a r e  present  i n  Figure 3, The background 

which was taken on the  same day a s  the  standard so1utlona was 

123 c/m, The graph shows t h a t  the  mixture wi th  the snaller amwnt 

of t r a c e r  water counted more e f f i c i e n t l y  than those with a l a r g e r  

quanti ty.  

The r e s u l t s  shown i n  Figure 3 a r e  p a r t  of a s e r i e s  af m h t u s e s  

of water ranging from 0-1 t o  5.0 m l  i n  15 mP of s c i n t i E l a t i o n  soLu- 

0 
t ion ,  The mixtures containing 0 - 1  and 3,O f roze  a t  -2 C, and 

those wi th  4.0 m l  H20 and higher exhibi ted  phase separa t ion  a t  rooat 

0 
temperature and a l s o  f roze  i n  two phases a t  -2 C, These samples 

were not  assayed f o r  t r i t i a t e d  water. 

SUMMARY 

A l i q u i d  s c i n t i l l a t i o n  method f o r  the  assay of t r i t i a t e d  water was 

inves t iga ted  using a s i n g l e  phototube type l i q u i d  s c i n t i k l a t i m  counter 

system, The procedure can be used t o  analyze 0.25 t o  2 m l  of tracer 

water, Counting e f f i c i e n c y  of 7.5% was obtained f o r  a mixture of 0,25 

m l  t r i t i a t e d  water and 15 m l  of dioxane-naphthalene s c i n t F l l a t f o n  sgailiu- 

t ion ,  Counting e f f i c i e n c y  decreased propor t ionate ly  wi th  increasing 

amounts of water. 
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The minimum de tec tab le  concentrat ion of tmlriatxd w.ce,r Fs 

4 x pc(89c/m)/ml a t  the  95% confidence l e v e l  i f  1 11 of tmee:;. 

water is avaf1able f o r  analys is ,  counting e f f f c i a . xy  %s ,2%> baachgeciun~d 

is 125 counts p e r  minute, and the  caunsing period is 90 rraincfes. 

Experimnts using t r i t i a t e d  water are,  therefore,  being designed t o  

meet the  s e n s i t i v i t i e s  of the  assay eguLpmnt, Hn addi t ion ,  since 6he 

maximum p e r m i s s i b l e  exposure eoncen@m.tisn o f  tritiabled water Ee 0,1 l . ~ c / ~ ~ i ,  

the re  is  sone flexPbilLijzy regarding the manner i n  which t he  E X ~ F ~ B X I ~ B  

can be conducted. 

REFERENCES: 

1. Kinard, P, E. A. Liquid s c i n t i l % a L o r  f o r  the ana lys i s  of tritiwo in 

water, Atm.ic Energy CoarmFssion Report DP-190. 1956, 
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Figure 1. Diagram showing the components of the single photomultiplier 

tube type liquid scintillation detector system. 
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Figure 2. Section of liquid scintillation detector. 
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Figure 3 ,  Counting efficiencies for different amounts of krftfated 
water, 
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TITLE: CALIBRATION DID EVALUATION OF NET RADIOMETERS 

LINE PROJECT NO.: SWC Cl3-1 CODE NO, :: Aria, -WGL-6 

INTRODUCTION 

The energy budget method, by which the  f lux  of water vapor and 

sensible  heat  may be measured indirect ly ,  reepires  estimation 

o r  measurement of net  radiat ion,  Net radia t ion msasvriements may 

a l so  be an a id  t o  forecasters  i n  determining a i r  mass modification, 

Net radia t ion may be measured d i r ec t l y  with net  radlg~meters; PILmeve~~ 

the  cennnescha3.l.y avai lable  net  radiometers a r e  not considered s a t i s -  

factory because of the  s i z e  and environmental influences. Some of ehe 

net radiometers change ca l ib ra t ion  during t h e i r  use. A need then 

ex i s t s  t o  develop an acceptable net  radiometer and a laboratory method 

sf  ca l ib ra t ion  over the  wave lengths involved. 

Y'H4EORY 

The net radiometer i s  an instmrnent designed t o  measure the flux. 

of radia t ion through a hor izontal  plane. The measurement of net 

radiat ion,  i n  principle,  i s  qu i te  simple. One simply has tor place 

a blackened p l a t e  in the rad ia t iona l  f i e l d  and measure the temperatarc 

difference which develops between i t s  s u ~ f a c e s .  I f  one uses a thermal 

transducer i n  place of t h e  blackened plate,  net  rad ia t ion  i s  measured 

as  follows: 
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a - Absorptivity of transducer surface 
E = Emissivity of radiometer surface 

a = Stefan-Bsltzmann constant 

h %= Thermal convection coefficient 

k - Thermal conductivity of transducer 
Ta = Air temperature 

Tt = Temperature of top surface 

Tb = Temperature sf bottom surface 

Rt = Irradiation upon the top surface 

% = Irradiation upon the bottom surface 

Rn 
= Net radiation 

Annual Report of the U.S. Water Conservation Laboratory



8az surface t, the energy balance i s  

Similarly, the energy balance on surface b Es 

Subtracr;Prag; (2) from we have 

4 2k 
Rn = a(Rt- %) = f o ( ~ ~ ~ -  T b ) + h(Tt- Tb) + --(T % t b  - T ) . (31 

I f  the te rn  involving thermal convection was eliminated, eguatiozn 

(3) would become 

The heat Elow through the sensing element may be expressed as 

Since a thermocouple assembly i s  located within the thermal &saws- 

ducer, a temperature difference, f(Tt- T ), i s  s e t  up between the hot b 

and sold junctions. This temperature difference i s  related ta the 
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over-all  temperature difference (T - T ) by a gr0g~rtFsnaPPy emstant C 
t b 

and i s  represented by 

f (Tt- Tb) C(Tt- Tb). 

A thermoelectric po ten t ia l  E i s  s e t  up which I s  given by 

E = Bf (T - Tb), 
t 

(7 1 

where B i s  the  themnoelectric power. This thermoelectric potential. 

E i s  re la ted  t o  the  heat  flow by 

E = BC(Tt- Tb) 

By using t he  approximation t ha t  

T -I- Tb =s 2Tt 
t 

in equation (4) and subs t i tu t ing  equation (8), we have 
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where g i s  the cal ibrat ion constant which depends upw. ~$hs temperature, 

emissivity, conductivity, and thickness of the thermal ~~aasdaces, 

Measurement of net  radiat ion for  meteorological purposes is more 

df f f i cu l t  because of the different  wave lengths involved. Net radiation, 

f o r  meteorological use, may be defined as 

where R i s  radiat ion from the sun (su), the sky (wk), and the earth (ea) 

and f i s  the re f lec t ion  coeff+cient of the earth,  The wave lengths o f  

the sun range from 0 . 3 ~  t o  3p and a re  approximated by blackbody 

radiat ion a t  6,000 degrees K, while the wave lengths of sky and ter- 

r e s t r i a l  radiat ion range from 3y t o  60y and a re  approximated by 

blackbody radiation a t  300 degrees K. In other W O K ~ B ,  the net radiometer 

must be equally sens i t ive  t o  radiat ion from 0,3y t o  6Oy. 

The term involving thermal convection (3) may be elintnated or 

reduced by shielding the thermal transducer or  by equalizing i t s  effect 

on both surfaces. Until  recently, there  has been no material which i s  

weatherproof and has acceptable transmission characteristics, so 

enclosing the thermal transducer t o  eliminate the t he~mal  conveeDisa 
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term has not been feasible.  Gier and Dunkle (2) have ar.tif i & l l y  

reduced the thermal convection term by directing a constent wind stream 

across the theme1 trznsdueer. To completely elimEcaEe the effect  of 

thermal convection, the wind stream must have equal velocikfes over 

both surfaces and T must be equal to  T The thermal convection t b * 

term may be eliminated by enclosing the thermal tr8asducer. The use 

of mica and vinylidene chloride for  th i s  purpose has been d iscus~ed 

by Fritschen (1). 

EXPERIMENTAL ME'mODS AND RESULTS 

The Gfer and Dunkle type net radiometer (2) a d  the miniature 

net radiometer described by Fritschen (1) w i l l  be cafibrated in a 

calibration chamber (Figure I) ,  which i s  a modified version sf  that 

described by Johnson (3 ) .  The source sf short-wave radiation i s  a 

tungsten filament lamp. The peak emission of the tungsten filament 

i s  approximately 0 ,99~ .  The calibration i s  accomp8ished using an 

Eppley pyrhelfometer, Model SO, as a standard, 'The energy measured 

by the Eppley pyrhelismeter i s  re lated to  the output from the net 

radiometers. Since the Eppley i s  only sensit ive to radiation of much 

longer wave lengths, glass i s  used to  f i l t e r  out the long-wave radiation 

from the surfaces of the lamp and the calibration chamber. Two glass 

f i l t e r s  a re  used on top and one glass f i l t e r  i s  used on the bottom of 

the calibration area i n  the box. Two f i l t e r s  a re  used on top because 

the uppermost f i l t e r  w i l l  absorb enough radiation t o  become heated and 

to  reradiate long-wave radiation, Tkae second upper glass  filter 

w i l l  absorb the majority of the long-wave radiation from the tog f i l t e r .  
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Any difference In radiation between ehe glass f i l t e r s  adjacent %o &he 

calibration area i s  corrected fo r  in  calibration, 

%e source sf long-wave radiation 18 the in te r ior  walls of ehe 

calibration chamberP The in ter ior  sf the ca13E%iratio;rm, bon h ~ . %  been 

lined with brass plates having copper coifs fastened to  the back of 

the plate. 'These plates a re  arranged so that  the top ha95 and the 

bottom half of the calibration chamber each contain f ive  plates. Water 

of constant tern erature i s  pumped through each half independently, 

Slrzemoeouples have been cemented to  each plate  so tha t  the g1aCe tam- 

geratures can be obtained. A divider made sf insulating mater%al 

opaque to long-wave radiation i s  inserted between the ha3.ves sf  the 

caPibratfoa chamber. An opening or  s l o t  i s  cut i n  the divides to f i t  

the sensing elemen$ of the radiometer, The divider prevents radi~tfoaal 

flux between the halves of the calibration chamber except through the 

opening. 'fie divider also eliminates conveetisnal f l ux  s f  energy. 

Z%e radiational flux between the halves 05 the calibration chamber i s  

computed from the Solfaswing equation: 

where q i s  the radiational flux, c i s  the emissfvity, A i a  the srea, 

cr i s  Stefan-Boltzmann constant, and T 19 temperature, degrees absolute. 

%e emissivity of the caZfbration chamber has been obtained by the E n -  

method (4) and has been found t o  be 0.952, 

The miniature neZ radiometer has been modified t o  faeil lf tata ease 

of construction and also, to  decrease the ref lect ion from Ehe p l a s t k  
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rad ia t ion  windows a t  how sun amglea, The Re ta i l s  of the ~an_:str:uict?lon 

of the  modified miniature ne t  radiometer m e  shown $72 F4gara 2. T5e 

polystyrene rad ia t ion  windows have bean henmFspher.9caL3.y shaped to ~eed.acc 

the  r e f l e c t i o n  of s o l a r  r a d i a t i o n  ae l o w  sun angles. Pc~ly~tyrcwe has 

been used i n  place of vinylidene chl.oride, a s  previass'lg cPLed, becawa 

polystyrene has a much b e t t e r  transmission curve i n  the wave lengths of 

approwimatehy 1 0 ~ .  A thermal transducer was c a l P / r a t e d ,  both shoal- 

and Isng-wave r a d i a t i o n a l  f i e l d s ,  with and without polystyrene sad&- 

a t f s n  windows. me poIystyrene rad ia t ion  w i n d ~ x s  were found Cs deemass 

the  output of the  t h e m e l  transducer apprsxfmately 3.7X in a short- 

wave r a d i a t i o n a l  f i e l d  and approximately 5 , l% fn a Bong-wave radiational 

f i e l d .  A t y p i c a l  c a l i b r a t i o n  curve for a miniature net radiomekr $8 

shown i n  Figure 3, The f a c t  t h a t  the  experimeatal ohnts for Long-~~ ,ve  

and short-wave c a l i b r a t i o n  appear t o  f a l l  on the  same line indieate 

t h a t  the  t h e o r e t i c a l  considerat ions of t h e  c a f i b r z t l o a  cl~.amber a r e  

sound. Bn other  words, t h e  output of t h e  miniatare neC radfsmeter end 

the  radiant  f lux ,  a s  indicated by the  Eppley pyrheliometer, agrees 

q u i t e  well  with the  output s f  the  miniature ne t  ra2ismeter and the 

rad ia t ion  ca lcula ted  from t h e  previous formula f o r  long-wave radlatLos, 

Limited research has been conducted on two Gier an 

n e t  radiometers purchased from t h e  Beckman and WhitBley Company. Tho 

c a l i b r a t i o n  f a c t o r s  gained from the  heat-flow transducers s f  $ha Gier 

and Dtnrnkle type ne t  radiometers were essent fa  4y the  same a s  those 

supplied by t h e  fac to ry  when t h e  fan sf t h e  GSer an3 Lc type net 

radiometer was not running, However, q u i t e  d i f f e r e n t  ea2ibmtlar-t 

f a c t c r r s  were obtained wben the  fan  was running, These dlffercences 
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can be due to  the unequal cooling effect  of the fan oa t h e  top and 

bottom surfaces of t e heat-flow transducer, T%fs fact  3.8 poinied out 

in  Figure 4 ,  The daea i n  Figure 3 were obtained w en the GIes and 

Dunkle type net  radiometer was placed in  the ealfbratiom ~Pianber w2.Et.h 

ves of the calibrak ion chamber having conssang-\temperature 

waeer apgrsximatellgr 28 degkaes C, clreulating through them, h other 

words, %here was zero radiagional flux applied to the Glor and k n k l e  

type net radimeter ,  The ient  temperature was wax%ed from approxi- 

mately 40 degrees P, to ll egrees P, The output from the Gieic and 

h n k l e  type net radiometer i s  ploeted versus the transdacer temperatuse, 

which i s  an ind icak io~  cf the ambient kern eratam. When the ambieat 

temperature i s  below the temperature of the radfat iscal  objects, in  

this ease the e r  and Power halves of khe ca%i'bra:lon ehamber, khe 

output from t et raddl.ometer is posit ive ; however, W%Q'JI the m'bf  en.2 

ova the temperature of the radiatlorlpaf o"bgec%s, Lhe 

output 5rom the wet radiometer I s  negative, kn both cases k 

from the net radiomaker should be zero, It i s  not hard to  Imagine the 

effect  that  this  unequal cooling sf  the heat-flow transducer by the 

fan of the Gier and lhnkle ty e net radiometer w i l l  ava upm the net 

radiation measure in nature, Consider the ease Smed%ately a f t e r  

sundown when the actual wet radiation is zero and also, consider wwy- 

ing ambient temperatures. It Bs no% hard go imagkne numerous eases of 

zero net radiaeion with dffferent ambient tempera@nres, ere appears 

to  be no simple w8y to  ~0skeC.Q for  the error caused by 2&e unequal 

cooling of both sf cs of the heat-flow transducer by ehe fan except by 

redesignlag the blower so that  &he air stream on both sfdee s f  the 
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Figure 1, Net radiometer calibration chamber, 
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r e  3 C a f i b r ~ r i o n  of a mfnfacure n e t  radiometer %n short- and .Long- 
m d f  atf onaL f f eeds . 
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Figure 4 ,  The effect of a m b i e n t  kemperacure cn the outpao 
of a Gier and Dunk3.e ne t  r a d x o ~ e c - r  wit% zar, 
r a d i a t s o n a l  f l a x ,  
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'She weighing Pysimeter i n s t a l l a t i o n  i n  Tempe Is capable sf 3uto- 

matically reg i s te r ing  changes i n  s o i l  moisture content with greac 

precision and under na tura l  conditions, This instalYa&i.sn was dasigned 

and b u i l t  to meet the following purposes: 

1, To enable a deta i led study of actual  evaporation a d  t ranspi  ra t ion  

from s o i l   surface^ on which plants  a re  growing. 

2, To serve as an abs~laxte check in st.udi.ea of the reIat,ion between. 

evaporation. and sneteo~ological  conditions, 

3 ,  To obtain information on the t o t a l  flow of water through the s o i l  

surface i n  s tudies  of soil-water movement caused by evaporation, 

.Ikc TO make empaxzailive s tudies  of c e r t a in  treacmencs of s o i l  or plant  

surfaces which may influence evaporation and t ranspira t ion,  

5, To serve a s  a standard of comparf,son f o r  the  evaluation of mechclds 

designed to  measure evaporation and t ranspira t ion such as, f o r  

example, the  stem flow method o r  the polyethylene cover method., 

6 ,  To s e b e  as an accurate standard of comparison f o r  the ewaLuation 

of instmments designed t o  measure p rec ip i ta t ion  etcher i n  the  form 

of ra in  or  a s  dew* 

The use of the lysimeter i n s t a l l a t i o n  f o r  purposes a3 l i s t e d  

above w i l l  be reported i n  the fu ture  under appropri.ate headings. The 

purpose of the present repor t  i s  t o  give an acpartnt of t h e  i n s t a l l a -  

t ion  and of the p e r f o m n e e  of the lysimeters. 
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CHRONOLEIGAL l[aEPQRT 

Xn the  budget f o r  f i s c a l  year  1959 a s p e c i f i c  item was s e t  a s ide  

f o r  the  construction of lysimeters a t  the  Southwest Water Conservation 

Laboratory, To f a c i l i t a t e  fundamental s tud ies  of water use by evapo- 

rac ian  and transpfrakion, i t  was decided t o  construct  a high-precision 

s e t  of weighing lysimeters of l imited s i ze .  Therefore, i n  September 

1958 work was inmediately begun t o  design and procure such an i n s t a l l a -  

B e  design was completed f o r  the purpose of obtaining comparatP.ve 

b ids  during the  e a r l y  p a r t  of 1958 and i n  June 3.959 the  bid was awarded 

t o  the  Bytrex Corporati.on s f  Boston, Massachusetts, Detailed e l e c t r i c a l  

and mechanical drawings were received i n  the  f a l l  of I959 and approved 

by Laboratory personnel. Following t h i s ,  construction was begun and 

v i r t u a l l y  completed i n  April 1960, However, upon fac to ry  t e s t i n g  i t  

was discovered t h a t  the  spec i f i ca t ions  were not  mst i n  a l l  respects  and 

changes i n  the  design had t o  be put i n t o  e f f e c t ,  XBI September 1960 

del ivery  was made t o  the  &aboratory s i t e ,  In the  meantime, footings 

and the  necessary cable trenches and connections were provided a t  the 

Laboratory during 1960 and f i n a l  i n s t a l l a t i o n  under the  supervision of 

the fac to ry  engineer took place i n  December of 1960, See Figure I f o r  

lysimeter  locat ion,  This phase was completed without f u r t h e r  d f f f i c u l -  

t i e s  and t e s t s  were run during the ea r ly  p a r t  of Jamasy  1961 to  

v e r i f y  ca l ib ra t ion ,  s e n s i t i v i t y ,  and the  e f f e c t  of load d i s t r ibu t ion .  

These t e s t s  have been completed and approval has been indicated f o r  

acceptance of the  i n s t a l l a t i o n  from the  supp l ie r ,  
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GENERAL DES ZGN CONS ZDERBTIONS 

m e  fol1aawing items were considered as the  b a s i s  f o r  the  lysirneter 

design :: 

1, The lys-irneter should provide a normal rooting p r o f i l e ,  This was 

in te rp re ted  a s  being a normally drained s o i l  essLumn s f  approximately 

150 cm depth. 

2 ,  The lysirneters should be l a rge  enm& to mlniwize the e f f e c t  of the 

r i m s ,  It was f e l t  t h a t  a 100 X LOO em square Bysimerer with t h i n  

s tee1 rims, separated by n.0 rrrate than apprsximat e1.y 8 m, would 

come c lose  t.0 meeti.ng th9.s requixement, 

3 &  The i n s t a l l a t i o n  shou3.d be f a  t r i p l i c a t e  t o  provide a t  a19 times 

an est imate of the  e r r o r  of measurement, 

4 ,  91r.e overa l l  weight and construction of the  i.nsrallaf.fon should be 

such t h a t  i t  could be moved i f  so  des i red ,  

5 ,  The weighing mechanism i t s e l f  should be e lec t ron ic  and extremely 

compact so  that. the  weight s igna l  could be taken out  by underground 

cable t o  an appropriate locat ion f o r  regis t ra t ion . ,  

6 ,  'fie r e g i s t r a t i o n  of the weight shouZd be automatf .~,  continuous and 

i n  a £om immediately usable f o r  automatie data  processing, 

7 The sens i t iv iqy  of the  i.nstalEati.on should be a t  least. ,O5 mn 

(-002 of an i.nch), 

B R E P  DESCRIPTION OF WEIGHING ?$E@mZSM 

The weighing mechanism can be considered t o  be cslxposed o f  the 

following p a r t s  ( r e f e r  t o  Figures 2 and 3)s 

I, The s o i l  container,  o r  Zysimeter proper, 

2, The platform carrying the  s o i l  conta.iner, 
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3 ,  The counterwei.ghts. 

4 ,  The counkemeight  platform. 

5, The beam, 

6 ,  The f l e x u r e s  which suspend t h e  beam from t h e  foundat ion and vnhich 

suspend t h e  so i l .  con ta ine r  p la t form and the counke~meight  p la t form 

from tlke beam, 

J e  The load c e l l ,  

8, The meta l  enc losure  p r o t e c t i n g  t h e  above p a r t s  f ron  t h e  so11 and 

from t h e  atmosphere, 

These items a r e  descr ibed  i n  f u r t h e r  d e t a i l  a s  foilowa: 

1. The s o i l  con ta ine r  has  an a r e a  PO0 X 100 cm and i s  168. cm deep, 

It is  made from 3 , l  mm (11 gauge) s t e e l  and r e in fo rced  wi th  h o r i -  

zon ta l  r i b s  on Che -inside a t  approximately 30 cm d i s t a n c e s ,  The 

empty weight of t h e  con ta ine r  i s  about 380 kg and when f i l l e d  wi th  

s o i l  a t  a mois ture  content  of approximately 30 percent  by volvme 

t h e  toral.  weight i s  approximately 3,1310 kg, When che s o i l  i s  a t  

t h e  1 5  b a r  percentage t h e  weight decreases  t o  about 2,800 kg, The 

s o i l  con ta ine r  i s  completely c lo sed ,  In. o rde r  t o  permit  drainage 

of excess  water ,  f i v e  s t a i n 1 e s s  s t e e l  f i l t e r s  were l a i d  on t h e  

b o ~ t o m  and connected by copper tubing t o  a n  o u t l e t  a t  t h e  su r f ace  

of t he  s o i l  con ta ine r  t o  permit  t h e  a p p l i c a t i o n  s f  a vacuum f o r  

e s t a b l i s h i n g  t ens ion  a t  t h e  bottom of the  s d l  colurnn ( see  F igures  

4, 5, and 61, The s t a i n l e s s  s t e e l  f i Z t e r s  a r e  embedded i n  f i n e  

sand and t h e  e n t i r e  arrangement i s  covered wi th  a one cent imeter  

l a y e r  of g l a s s  beads. This  provides f o r  the e s ~ a b l i s h m e n t  of 

tens ions  t o  a maximum of 200 mh a t  t h e  bottom of t h e  s o i l  c o l u m ,  

- g J 'S. 
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2 .  m e  s o i l  con+,ainer platform cons i s t s  of four  heavy steel .  eo:Eumns 

which support the  s o i l  container a t  the  four corners.  %be s t e e l  

columns a r e  joined by heavy members t r ans fe r r ing  a l l  the  weeght t o  

a c e n t r a l l y  located column which i n  turn i s  bu hrom the  shor t  

end of the  balance beam, Sideways movement of the  platform i s  

prevented by the i n s t a l l a t i o n  of hor izonta l  f lexures  which would 

be tensioned i f  any sideway forces  would be applied t o  the p l a t f o m ,  

3 ,  The counterweights cons i s t  of c y l i n d r i c a l  s t e e l  weights with a 

diameter of approximately 30 cm. A number of these a r e  permanently 

i n s t a l l e d  and t h e i r  weight i s  known only approximately. The 

remaining p a r t  of the  weight i s  counterbalanced by counterweights 

which a r e  1.2 1 /2  kg f a few gpams i n  weight. The number of these 

counterweights changes in  accordance w i t h  t he  changes i.n weight of 

the  s o i l ,  

4 ,  The counterweight support platform cons i s t s  of a s i n g l e  column 

broadened a t  t h e  top which i s  i n  turn  hung from the  end of the  

beam i n  a manner s i m i l a r  t o  the  s o i l  container platform. Stops 

a r e  provided a t  the  counterweight end of the  beam t o  prevent 

escessive movement, 

5, The beam is  made of a 20 c m  s t e e l  "Z" beam which i s  suspended from 

a yoke, which i n  turn  r e s t s  on the  foundation, by means of cross 

f lexulres . 
6. The f lexures  a r e  s t r i p s  of spr ing s t e e l  about 0.040 inch th ick  

having considerable s t r eng th  i n  tension but  r e s i s t i n g  bending on2y 

s l i g h t l y ,  Thus an almost f r i c t i o n l e s s  suspension i s  achieved i n  

which there  i s  no p o s s i b i l i t y  of change of mechanical advantage. 
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The flexures a r e  bolted t o  the beam and the platfonm o r  supporting 

yoke, a s  the  case may be,  

7 .  The load c e l l  i s  a s t r a i n  gage pressure measuring device which i s  

placed between t he ' so i l  support platform and a p l a t e  which i n  turn 

i s  secured to  the foundation, Thus, the  load c e l l  w i l l  be compressed 

whenever the counterweights exceed the weight of the s o i l  container. 

The mechani.ca1. advantage of the beam i s  four and therefore the load 

c e l l  senses four times the weight change, i f  any, which i s  created 

a t  the counterweight side. When s o i l  container and counterweights 

a re  i n  perfect  balance rhe load c e l l  i s  f r e e  and the c i r cu i t ry  i s  

adjusted so as  to  give a s l i gh t l y  negative output. This insures 

t ha t  the load c e l l  i s  i n  good contact with the  platform when a 

zero indicat ion i s  given. The capacity of the  load c e l l  i s  approxi- 

mately 50 kg and i t s  indication i s  adjusted i n  the c i r cu i t ry  t o  

give exactly t h i s  readout when a 50 kg weight i s  taken from the 

s o i l  container a f t e r  the abqve-mentioned zero adjustment has been 

made. By adjusting the  number of 12 112 kg counterweights, there- 

fore,  the output of the load c e l l  w i l l  always be between an 

indication of zero and 50 kg. 

8.. The enclosure consis ts  of a hermetically sealed s t e e l  con.tainer 

which i s  sealed e i t h e r  by welding or  by gasketing. Actually, t h i s  

container consis ts  of 3 pa r t s  as follows. A "coffin" which encases 

the  weighing mechanism and through which the four s o i l  platform 

support pins and the  counterweight support pin protrude, Second, 

a casing f o r  the s o i l  container which, close t o  the  surface, con- 

forms closely t o  the l a t t e r  so  as t o  c rea te  an average clearance 
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of l e s s  than 8 m. This gap is  bridged by means of a q ~ c y  flexible 

rubber s ea l  t o  exclude water and moisture, Finally,  a s imiSar  

casing surrounding the  counterweights which casing extends a;ss t o  

the surface of the s o i l  and i s  provided with an access door f o r  t h e  

purpose of changing counterweights. 

BRIEF DESCRLPTION OF THE RECORDZNG PART OF THE SYSTEM 

The recording panel of the  system consis ts  of the  fal2owing mtn 

par t s  ( re fe r  t o  Figure 7): 

1, Power supply. 

2, Input. panels, 

3 .  Digi ta l  clock and date  input panel. 

4, Controller. 

5, Digi t izer .  

6. S t r i p  char t  recorder, 

1, The poker supply provides s tab i l i zed  voltages t o  the various es.nys-L 

nents and i n  pa r t i cu l a r  a constant nine-volt DC supply tc thz laad 

c e l l s ,  This power i s  applied t o  the load c e l l s  at a l l  tlmes, 

2, The input panels a r e  provided with controls t o  regulate the power 

to  the load c e l l s  i n  such a way as t o  give an output c a ~ ~ b r a s e d  i n  

un i t s  of weight or  of d i g i t s .  Furthermore, the  input panel consafas 

the information on the equivalent weight of the counterweights f o r  

each lysimeter, This information i s  t o  be dialed i n  b y  hand, 

Finally,  the input panel connects the load c e l l s  t o  the measuring 

components of the  d i g i t i z e r  when so ins t ructed by the chmtroiler. 

3.  The d i g i t a l  clock and date input panel provides running 1,~fomar;fon 

on the time of day and on the date. Furthermore, by appropriate 
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d i a l  s e t t i n g  t h e  c lock  w i l l  g ive  t h e  s i g n a l  f o r  an. au~omxc ic  ~ B B S U P - ~  

i ng  cyc l e  t o  s t a r t ,  This can be done a t  every m u l t i p l e  sf 5, E O ,  

15, 20, 30, o r  60 minutes. 

4, The c o n t r o l l e r  causes t h e  va r ious  phases of information rerriwa, 

and s t o r a g e  t o  proceed i n  t h e  des i r ed  manner once a s t a r t  s i g n a l  

has  been given e i t h e r  manually o r  from the  c lock  mentioaed above, 

Once s t a r t e d ,  t h e  c o n t r o l l e r  i n t e r r o g a t e s  t h e  c lock  f o r  t he  t i n e  

" " ~ 5  information and then  proceeds t o  i n t e r r o g a t e  t h e  t h r e e  lys'imbb 

a s  t o  t h e i r  number, t h e  weight of t he  counterweights,  and the l i v e  

weight. As each b i t  of information i s  obta ined  i t  i s  s t o r e d  i n  a 

qape by means of an automatic  tape  punch, A l l  t h e  info .mat ion  h 

having been obta ined  t h e  c o n t r o l l e r  shu t s  i t s e l f  and t h e  remainder 

of t h e  system down a f t e r  every th ing  has  been readied  f o r  t h e  n e x t  

cycle .  

5. The d i g i t i z e r  r ece ives  t h e  s i g n a l  from t h e  load c e l l  a f t e r  the 

proper  connect ions have been c rea t ed  by a command from t h e  i40ntroE;ler 

through t h e  ly s ime te r  i n p u t  panel .  The s i g n a l  from the  load c e l l  

is, f i r s t ,  ampl i f ied  by t h e  a i g i t i z e r  and then  a ba lanc ing  s i g n a l  

is  produced which corresponds t o  a p a r t i c u l a r  angular  p o s i t i o n  of 

a t en  t u r n  poten t iometer ,  The ba lance  p o s i t i o n  of t h e  s h a f t  i s  

read out  by means of fou r  con tac t  wheels f o r  t h e  f o u r  d i g i t s  of 

t h e  number which r e p r e s e n t s  t he  load c e l l  ou tput .  This  number 

may v a r y  from zero t o  5000, each d i g i t  corresponding t o  20 g. 

6 ,  The s t r i p  c h a r t  r eco rde r  r ece ives  i t s  information from a t r ans -  

m i t t i n g  poten t iometer  which i s  mounted on t h e  d i g i t i z e r ,  Th i s  

s i g n a l  i s  then  t r a n s l a t e d  i n t o  a p o s i t i o n  of t h e  r eco rde r  s l i d e  
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Sensicfvity,  r e f e r r i n g  t o  t h e  l e a s t  weight changes t h a z  n ~ y  be 

det .ec~ed.  

Aecura~y  O R  calibration, r e f e r r i n g  t o  t 3 e  agreemenr betwee... i r k t .  

and i ad l  caeed weight changes. 

Zfhe e f f e c t  05 load d is t r ibu t ion . ,  

External, e f f  e c t s  on indicated weight, primariky wind ef f e e t  s, 

e s e n s f c i v i t y  of the  system proved t o  be c.orrsi.derebfg in .  excess 

of the speeff fea t ions ,  which c a l l e d  f o r  a sensFt2vjrety of 5 df g6f.s 

o r  50 grams. This aspect was st.udf.es by means sf' addlag o r  takLng 

off  s m a l l  weights such as 20-, 50-, and 100-gram balance wetg'hss, 

fr appears t h a t  the sensi.t&vity of the syarem is smnewheri~ be~veen 

one and two d i g i t s  OF 10 o r  20 grams see  Figure 83, % i s  i s  
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equivalent  t o  a s e n s i t i v i t y  between 0.0004 and 0*0008 l a d  or  O,Ol  

t o  0,02 anm, The weighi np l y  s imeters  appear t o  be more sensi  tivc? 

than any reported here tofore ,  

Since the  end points  of the  c a l i b r a t i o n  can be  a e c u z a t e ~ y  set and 

maintained the  accuracy depends on the  l i n e a r i t y  over the  csnge frsw 

0 t o  50 kg, This was examined by placing l a r g e  weights on zhe 

lysimeter  a f t e r  i t  had been zeroed i n  a t  both end poinrs ,  It was 

found t h a t  the  l a r g e s t  dearlation from the  t r u e  weight was 60 g and 

i n  most eases i t  was no more than 20 g. Th.11~~ i.f, appear; t b a t  

accura te  changes of wetght w i l l  be  obtafned over t h e  en t i r e  reagk 

of the  load c e l l ,  The movable counterweights having been made wit-r 

considerable prec is ion ,  the  foregoing statement would apply t o  r k  - 

e n t i r e  range of measurement, The t r u e  weight of the  s o i l  i s  less 

e a s i l y  ascer ta ined owing t o  the  f a c t  t h a t  the permanent eount?rs3 

weights a r e  no t  accura te ly  weighed and a l s o  s ince  the weigh t  of' 

the  various components of the  balance i t s e % f  has not  bezlrr pxeclsc,y 

determined, Therefore, the re  i s  probably uncer t a in ty  of a tout  

50 kg i n  the t o t a l  weight of the  system, However, t h e  coral  weight 

i t s e l f  i s  of no particular i n t e r e s t  f o r  most purposes, Racher f z  

i s  the  change i n  weight a s  a r e s u l t  of evaporation or  pree lp i ta t i s* . ,  

which one wishes t o  s tudy,  

The estimated t o t a l  weights, however, were v e r j  c l o s e  t o  the pre-  

d ic t ed  t o t a l  weights on the  b a s i s  of the  known p r 0 p e r t i . e ~  of m e  

s o i l  and the  s o i l  conta iner  i s  q u i t e  accura te ly  known, p robab ly  t b  

the  neares t  kil.ogram, 
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3* One of the  prob%ems i n  the  lysimeter  design was t o  rl.l,ofnate ang 

e f f e c t  of changes i n  the  load d i s t r ibu t ion  a s  might r e s d r  from 

unequal ex t rac t ion  of moisture with regard t o  the  center  of grawfry 

of the l.ysi.meter proper, Tests  were ca r r i ed  out  by nsvlng a farf2.p 

large  weight from one corner of the  lysimeter  t o  the  o ther  and to 

the  center ,  The change i n  weight caused by such changes in d i s -  

t r ibu t ion  of weight were not  l a rge r  than two d i g i t s  o r  20 grams 

and a r e  therefore  considered ins ign i f i can t .  

e external  e f f e c t s  have not  been completely s tudied a s  yet .  
I 

Xndications a r e  tha t  with wind speed below l , 5  m set'^" to 2.0 a 

-1 
see no ser ious  disturbance t o  the measured weight r e s u l t s ,  A t  

higher wind speeds, the. system i s  i n  constant  mwemenc r e s a l t i n g  

i n  an uncer ta in ty  of severa l  d i g i t s  depending on the v e l u e i t y  aad 

gust iness,  It i s  evident  t h a t  a c e r t a i n  mount of damping i n  the 

system, i s  des i rab le  and tha t  the  s e n s i t i v i t y  may not necessar i ly  

be af fec ted  by the  i n s t a l l a t i o n  of add i t iona l  damplag. This problem 

i s  now under considerat ion.  

PERSONNEL: 6. H, M. van Bavel, R, J. Reginato 
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Figure 2. Schematic drawing of weighing mechanism of lysimeters. 
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ure 7 .  Recording console f o r  weighing lysirneters. 
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TITLE: NICROMOETEOROLOGZCAL DATA HANDLING SYSTEM 

LINE PROJECT: SWC 13-1 

INTRODUCTION 

To efficiently study the fluxes of sensible and latent heat by the 

aerodynamic and energy budget methods, a data handling system is 

required which is capable of rapidly recording micrometeorological 

elements at specified intervals and presenting the data in a form 

suitable for machine calculations, To accomplish this, a data system 

was purchased from the Datex Corporation, which is capable of recording 

40 different EM? or thermocouple inputs at a maximum rate of one input 

per second, This system was modified to record 4-unit digital inputs 

from six Veeder-Root counters. 

DESCRIPTION OF THE MICRQPZETEOROLOGICAL DATA HANDLING SYSTEM 

The misrsmetesr~lagical data handling system (MDHS) consists of 

a self-balancing potentiometer (SBP) with shaft encoder, a storage 

translator, programer, digital clock, light bank unit, four input 

selector hsdules, six electro-magnetic counters, typewriter and tape 

punch. The MDHS is shown in Figures 1 and 2, 

The self-balancing potentiometer (Fig. 1,A) has three ranges: 

minus 1,Q mv. to plus 1,O mv, ; minus 0,2 mv. to plus 2.5 mv, with cold 

junction compensatisa for copper-sonstantan thermocouples; and minus 

2 mv. to plus 18 mv, '.Eke accuracy of the SBP is 5 0.3 percent of full 

scale or 5 microvolts, whichever is greater, The sensitivity is + 0.15 
percent of full scale or 2 2.5 microvolts, whichever is greater, The 

full traverse and balance time is less than one second. 
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The s h a f t  encoder has 2000 posi t ions  and i s  capable of t r a n s l a t i n g  

the  shaft: pos i t ion  i n t o  a d i g i t a l  s igna l  with an accuracy of -6 one-half 

d i g i t  i n  2000. 

The over-a l l  aceurasy of the  SBP and encoder amounts t o  s i g  micro- 

v o l t s  on t h e  $. 1 mv, range. The accuracy of the  system i n  terms of tern- 

0 perature msastn~ed with a s ing le  eopper-constantan thermlrtcouple i s  $. 0.14GJ 

the  accuracy i n  t a m s  of s o l a r  r ad ia t ion  measured with an Eppley 

-1 
pyrheliometer is & 0,887 langley min , and the  accuracy i n  terms of 

ne t  r ad ia t ion  measuzred with a s i n g l e  miniature net radiometer i s  $. 0,03 

- 31 l,h?mzgley min . 
?.be t r a n s l a t o r  (Fig. P,J)  t r a n s l a t e s  t h e  encoder data i n t o  & d i g i t  

decimal form which is d i  layed i n  the  l i g h t  'bank u n i t  (Fig. I ,@),  

Each s f  the  four  i n  t s e l e c t o r  modules (Fig, l,E,F,G, and H) 

rovides f a c i l i t i e s  o automatical ly o r  manually s e l e c t  any of i t s  ten 

input channels. me modules contain a d i a l  ind ica to r  t o  d isplay  the  

point  t h a t  has been se lec ted .  In addit ion,  each msdule contains a by-pass 

switch so tha t  the  module may be by-passed from the data  recording cycle,  

With the  by-pass switches, the  number of input va r iab les  t o  be recorded 

may be se lec ted  i n  groups of ten. 

The programmer (Fig, k,D) con t ro l s  t h e  advancing of the  input 

s e l e c t o r  module, s torage  and c lea r ing  of encoder data, and w i l l  sequen- 

t i a l l y  present t h e  d i g i t a l  da ta  i n  a spec i f i ed  format f o r  pr in t -out ,  

Any one of t h e  40 channels may be programed t o  any of the  3 ranges by 

a p l&&~ard  arrangement, 
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The MDHS contains a digital clock (Fig, l,B) arranged to provide a 

digital output of days - 0 to 31, hours - 0 to 23, and minutes - 0 to 59, 
The digital clock contains switches for month input and recording cycle, 

The digital clock automatically initiates a data recording cycle at 

5-, 15-, 30- or 60-minute intervals as selected. 

An addition (Fig, 2,6) was made to the Data System to facilitate 

the recording of wind speed. l%is addition consisted of six eleetro- 

magnetic counters mounted in a relay rack. Ttae Veeder-Root eleetrs- 

magnetic counters have electrical readout and electrical reset, The 

counters were rewired to operate at 6 VDC which is the rating of the 

anemometer contacts. 

The counter system has been interconnected to the Datex System. 

With the interconnsctim, the action of the counters (which are visua 

displayed) can be recorded in digital form at selected intervals. After 

the counters have been recorded, they are reset to zero and the counting 

action started again, 

The counters are capable of 1000 counts per minute (78 mph), 

which far exceeds the rating of the anemometers being used, 

The 6 VDC current for the counters is suppli~d by a Model D-612T 

filtered D,C, power supply (Fig, 2, B), which has a continuous rating 

of 10 amperes, 

The MDHS is arranged so that the output from the programmer can be 

fed into a motorized tape punch (Fig. 2,A), an automatic typewriter, or 
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both. n;imltaneously, as  selected,  The punch paper tape format is 

046-047 and can be readi ly  converted t o  ZBM cards. 

The record cycle can be i n i t i a t e d  automaticcally o r  marmally as  

se lected and any s i n  f e  channel may be manually displayed o r  recorded, 

Mhern the  record cycle is  i n i t i a t ed ,  the  MDHS w i l l  f i r s t  record the date- 

time group (month, day, hours and minutes); then w i l l  sequential ly 

record the  point i den t i f i c a t i on  and magnitude of each of the  40 

channels, i n  s of 10 as  selected,  and w i l l  record the  6 electao- 

magnetic counters, The channels a r e  interrogated at $he ra te  of one 

er second, while the  co Pete recording cycle i s  corn 

minute, A sam Be of the  print-out of 40 channels and 5 counters i s  

shown in Figure 3,  The 40 chaxmefs a r e  printed i n  terns  of 2000 counts 

f u l l  sca le  and ~ w s l  be  referred t o  the  proper range for EW or temper- 

atuxe value. (I , e , ,  channels 02 and 09, 01261600, indicate  zero EMF 

on. the  -2. 1 m, and - 2  to 4-18 mv, ranges, respectively,  while channel 

8 
06 i s  indicating the system temperature of 84 , l  F , )  

INPUT CABLE ARNNGEmNT 

The mierometeorologieaP observations w i l l  be made in the  experimental 

prox%mateB.y 250 f e e t  from the building i n  which the data system 

i s  ins ta l l ed ,  Four cables, buried a t  a 4-foot level ,  a r e  used t o  conduct 

the  s ignal  t o  the system, The cables consis t  of:  one 15- 

themocouple cable; t w o  16- a i r  copper wdre cables with each pa i r  

individua1ly shielded; and one 2.6-pair shielded copper wire cable, The 

cables with the  exception of the  thermocouple cable a r e  terminated in 

junction boxes u t i l i z i n g  Cinch-Jones terminal s t r i p s ,  Die thermo- 

couple cable i s  terminated i n  a junction box i n  the  experimental f i e l d  
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uti2izfng three 5-thermocoupPe panels, The sther end of Fhe %errno- 

ed directly to the in ut selector modules, 

S W R Y  

The M5H.S is a system that (1) can ef f %cIently kran8fo.m ' a y ~ ~ 9 ~ a s  

Inputs into punch tape or data sheets, (2) is v e r y  f lex ib le  with regard 

to the number and magnitude sf inputs ta be recorded, and (3) seems to 

require very little maintenance to maintain an operational status. 

PERSONNEL: E, 5,  Fritschen and C,H,M, vsn Bavel, 
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Figure 1. Datex system. 
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Figu re  2.  Counter system. 
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Figure 3. S-le print-out of the ~crometeorological data-handling system, 
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TIT=: DEVE PMENT AND TESTING OF METHODS TO MEMURE THE M,O?&XU 
CQNTEW OF THE AIR IN ARID CLmTES, 

ZZNE PROJECT: SWC c13-1 

INTRODUGT ION 

In conjunctiod wXth research on evapotranspiration and particularly 

in applying the aerodynamic or mass transfer approach to such problems 

it is necessary to establish the air humidity profile over the area 

under investigation, Traditionally, these measurements are made with ' 

wet and dry bulb thermometers of some kind or other, In arid climates 

where radiation intensity is great, unusual difficulties are encountered. 

These difficulties consist of the following: 

1, The effect of radiation on the indications from whichever type ther- 

mometer is being used is large, Elaborate shielding and ventilation 

may overcome this difficulty . 
2, Maintaining a sufficient flow of pure water at all times to the 

wet bulb is not simple, With high temperatures and low vapor . 

pressures the amount of evaporation from the wet bulb is considera- 

ble and one can not always be sure that the wet bulb temperature 

is not determined by the availability of water to it, 

3, The air being often dusty, the contamination of the exposed wet 

bulb may result in wet bulb temperatures that are higher than they 

should be , 

4 ,  In view of the large depression of the wet buZh with regard to the 

dry bulb there is a considerable flow of heat from the warn& 

parts of the equipment to the wet buXb itself thr~ugh the thermom- 

eter stem or through the wire if a thermocouple or themistdr is 
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being used, This may not be an  i m p s r t m t  factor i f  t h e  precisfsn 

of measurement i s  of the  order  of one degree b u t  i f ,  f o r  ewaap%e, 

a prec is ion  of measurement of .O1 degree is recp;zred, a s  i s  the  

case  i n  accura te  p r o f i l e  s tudies ,  the  conduction of hea t  t o  the  

wet bulb becomes a se r ious  problem, 

Tn view of the  above i t  was decided ordinary .get and dry" b u l b  

thememetry would not  be s a t i s f a e t o ~ y  for  the  purpose a t  hand and during 

1960 severa l  i n q u i r i e s  were made i n t o  o t h e r  types of equipment t h a t  

might be  s u i t a b l e  f o r  the  pur&se o f  measuring the  a i r  hl im~dity 

p r o f i l e  . f ie  f oll.owing methods were l.ooked 1 n t o  : 

l. Analysis of the  a i r  a t  a remote "kcation by means of an in f ra red  

analyzer ,  

2, Measurement of the  r e i a t i v e  humidity of the a i r  a t  a remote loea t ion  

by means of 1.9thium chlor ide  re s i s t anee  elements, 

3 ,  Measurement of the  absolute  humidity 05 t he  a l r  by means of wet and 

dry bulb paychrometry a t  a remote locat ion  and a t  a csntroZled 

temperature, 

IN-D BMBLYZER 

Measurement of the  moisture content of a gas, including a i r ,  may 

be done by means of the  absorption of in f ra red  radxacion by the  gas 

mixture. To t h i s  end an in f ra red  gas ana2fzer was obtained from Mine 

Safety AgpLianees Company (Lira Model 200), Xm this instrument the  

gas mixture i s  being passed through a small cell. wi t$  caieiun fl .uoride 

windows. The a t t enua t ion  of a beam of inf rared  r a d i a t  ton eml.;eted by a 

glowing ho t  wire i s  being measured by cowparing i t  with a arandard 
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beamo The i n s tmmen t  procured had a range from zero  t o  3 percknt  water 

vapor by vo9um.e. This  would correspond t o  a range of zero t o  approxr- 

m t e l y  30 mili,l'ibars sE water  vapor  p re s su re ,  

The inscrrtment has a r a t e d  accuracy of about 2 percent ,  which Ln 

i t s e l f  i s  nor  s u f f f c i e n t  t o  d i s t i n g u i s h  between moisture content  ar- 

d i f f e r e a r  e l e v a t i o n s  i n  a p r o f i l e  s tudy,  Since t h e  instrument  does aoz 

provide an abso lu t e  aeasurement i t  must b e  c a l i b r a t e d  by pass ing  a 

completely dry gzs and a gas of known vapor content  through t h e  ana lyzer  

s c  repeated oceasfons. It was found t h a t  t he  ze ro  adjustment could h e  

zeprodu.ced reaarsnab2.y w e l l  a l though it took a cons iderable  amount of 

t i m e  before  the l a s t  t r a c e s  of mois ture  were swept out  of t h e  apparatus  

and the a s soc i a t ed  t u b b g .  Tlte zero  s e t t i n g  was found t o  be  s t a b l e  

with time and theref-ore the  adjustment was considered t o  be  no p r s b l m ,  

A d i f f e r e n t  experience w a s  had wi th  regard t o  t h e  adjustment o f  

t h e  span, 3s the f i r s t  p l ace  I t  i s  d i f f i c u l . t  t o  prepare  a f lowing 

mixture of water  vapor and a i r  of known compositi.on wi th  a p r e c i s i o n  

o f ,  s ay  0 - 3  mb water  vapor p re s su re ,  It was found t h a t  t he  span 

adjustment couid no t  b e  r e p l i c a t e d  from one run  t o  t h e  next  i n  s p i t e  

of exrreme precaut ions  wi th  regard t o  t h e  ope ra t ion  of t h e  equipment, 

These fncluded working f a  a cons tan t  temperature room, d e s i e c a t i o a  cf 

t h e  cab ine t  i n t e r i o r ,  u s e  of copper tub ing  throughout, and s o  f o r t h ,  

It was decided that t h i s  equipment could n o t  be used i n  any long 

time s t u d i e s  of mois ture  content  of a i r  where i t  i s  of t h e  f i r s t  

importance t h a t  t h e  measuring equipment i t s e l f  ss s t a b l e  wi th  t h e  

and can be v e r i f i e d  without  excess ive  d i f f i c u l t y .  

- 123 - 

Annual Report of the U.S. Water Conservation Laboratory



LITHXUM CHLORIDE RES XSTANGZ EfoFMENTS 

An invest igat ion was conducted of the s u i t a b i l i t y  of ISchium 

chloride res is tance c e l l s  as avai lable  from h e r i c a n  Instrument Company 

f o r  the purpose of measuring the  r e l a t i v e  humidity of a i r  a t  remote 

locations.  Obvious advantages of lithium chloride res is tance c e l l s  

a r e  a r e l a t i ve ly  low cost ,  small s ize ,  and s impl ic i ty  i n  operation, 

It was found by laborakorg t e s t s  and f i e l d  checks t ha t  narrow-range 

(span of 10 to  15% r e l a t i v e  humidity) elements performed q u i t e  well  

within the speeif ieat ions  furnished, They can, therefore, be used t o  

measure the  changes i n  the r e l a t i v e  humidity of the a i r  to, perhaps, 

the nearest  1 /2  percent. *This precision, however, would not be 

considered su i t ab l e  f o r  moisture p ro f i l e  work, Attempts t o  ca l i b r a t e  

commercially avai lable  l i thium chloride res is tance elements more 

precise ly  have nok been successful ,  This i s  owing t o  slow changes 

or  d r i f t  i n  the element output, presumably re la ted  to  the di f fus ion 

of water i n  and out of the  t h i s  layer  of l i thium chlor ide  solution,  

and t o  the above-mentfoned d i f f i c u l t y  of preparing water-air  mixtures 

of precise ly  known composition, 

On the bas i s  of these t e s t s  i t  was concluded tha t  lifhium chloride 

elements can be useful  i n  es tabl ishing the gross value of re fa t ive  

humidity and f o r  the  purpose of following such changes with time when 

f luctuat ions  a r e  rapid.  It was found tha t  the time constant of these 

elements was of the  order of 0-4  minute provided the ven t i l a t ion  r a t e s  

were high enough, If ven t i l a t i on  r a t e  i s  l imi t ing the  time constant 

may go up a s  high as 1 1 / 2  minutes. On the other  hand9 f o r  accurate 

p r o f i l e  work i t  does not seem as i f  l i thium ch ls r ide  elements have 

su f f i c i en t  precis ion,  
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PREG IS SON PSYGHROMETRY 

In view of t h e  foregoing i t  was decided t o  go back t o  t h e  t i m e -  

honored wet and dry bulb psychrometry s ince ,  i n  t h i s  case ,  a t h e o r e t i c a l  

r e l a t i o n s h i p  p r e d i c t s  t h e  r e l a t i v e  humidity from the  observed va lues  

and i t  i s  no t  necessary  t o  r e s o r t  t o  c a l i b r a t i o n ,  

Somewhat s i m i l a r  t o  proposals  made by o t h e r s  i n  t h e  pas t ,  t h e  

measurement of t h e  wet and dry bulb temperatures i s  made by means of 

f i n e  thermocouples, t h e  output. of which can be  measured and recorded 

without  d i . f f i c u l t y ,  An i.mpsrtanr; change over p rev ious ly  used techniques 

i s  t h a t  p re sen t  p l ans  a r e  t o  sample the  a i r  by means of a s 

and thermostat ing t h e  a i r  within. .01. degree a t  a known temperature* In  

t h i s  way t h e  r e l a t i v e  humidity may be increased  by cool ing  t h e  air fa 

a va lue  where t h e  problems encountered with. psychrometry i n  t h e  open 

a r e  e l imina ted .  Apparatus f o r  c a r g i n g  ou t  t h e s e  s t u d i e s  is now under 

cons t ruc t ion  and no r e p o r t  can be made on the  s u i t a b i l i t y  of t he  

equipment now being designed, 

There is  a d i s t i n c t  advantage i n  sampling t h e  a i r  by means of 

asp i ra t . ioa  tubes,  When measurements a r e  made of moisture content  of 

t he  a i r  a t  a p a r t i c u l a r  po in t ,  one encounters  extreme f l u c t u a t i o n  over 

very  s h o r t  per iods  of t ime, I n  t h e  usua l  mass t r a n s f e r  approach one 

i s  no t  i n t e r e s t e d  i n  t hese  f l u c t u a t i o n s  b u t  r a t h e r  i n  an  average 

pertwining t o  per iods  of t ime of 5 o r  10 minutes o r  more, By sampling 

t h e  a i r  and mixing i t  i n  a s u i t a b l e  con ta ine r  t h e  averaging is  done 

mechanically and a simple neasurement on the  mixture provides t he  

e s t ima te  of t h e  average mois ture  content  of t h e  a i r  which one i s  

looking f o r ,  

PERSONNEL: C. He Me van Bavel, R e  J, Reginato 
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TITLE: THE mASUREmNT OF WATER TRANSPORT I N  GOME'LEX TPBE% W I T H  

SPECI.FI6 RPPZICAPION TO ZEE ASSESSMENT SOIL-WATER LOSSES 

BY m N S P I K 4 T I O N  

LXNE PROJECT NO,: SWC ~ 1 3 - 1  CODE NO, : A r i z  . -WCL-5 

INTROPUCTION 

The object ive  of t h i s  projeet  is to develop a r a  id,  nsn-destv~ct%ve 

method of measurin water t ranspor t  i n  p ante far the  

assessing soil-water  losses t ha t  are a resu l t  of l a n t  t ranspira t ibn,  

i d  method of neasw5ng water tzansporf, and 

atfon in p f a n t ~ ,  whfch does not i n t e r f  e r e  with th.e 

p lant  environment nor i s  d e s t v ~ c t f v e  t o  t l an t ,  i s  needed to enable 

separate  a s s e s smn t  of evaporation and tra rosesses, and 

henee contr ibute  to a b e t t e r  unders tandfn 

phenomenon. 

Attempts have been made t o  measure t rans  ation of plants  by 

covering the  so i f  with l a s  t ic ,  with the plant  

%as t ic ,  This ascedurs d is turbs  the microclimate and, i n  some 

cases, does n0.t comg%ately s top  ewa oration, Bath factore  soufd cause 

er ro rs  i n  the  t ransp i ra t ion  measurementx, Decker and Wetzel (1957) 

presented an %m or-production method of measuring t ransp i ra t ion ,  

This method involves covering the  plant  ox plants  and measurtng changes 

i n  r e l a t i v e  humidity, 

hezmoclectr2c method offers romise of determining water 

t ranspor t  In  p lants  without dZsturbing &he plant  environment, 'This 

method has be r? used by Bloadworthp 2:. &,* (1955? 1956), on cotton p lan to  

and by Marshalf (1958) on conifers  t o  deternine the  veloci ty  of a s  
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flow through p lan t  stems, Their r e s u l t s  hsve shown. t h a t  da ta  obtained 

by the  the .mselect r ie  m.ethsd are indl,eat:i.w of t r a .~~ . sp i ra t ion  r a t e s ,  

M;arsbaff (1958) has shown that  the  .time 0% ma;xfmu.m tempera&.a:ce r i s e  air 

a known. dis tance  from the  heat,er i s  not necessapil,y Pndicati-ve of the 

sap ve$ocPty, a s  was assw.med by Blood.!xorth, -- et  a .. M a ~ s h a l l  obtained 

a mathmatf c a l  exlyiressioa f s r  the  sap v e l s c i  t y  whhkh included df f f usion 

e f f e c t s  by assutm3.n.g c e r t a i n  boundary csndi t  ions. H i s  m,at$eaatieal 

treat.ment i s  iate:reati.n.g a.nd perciaent. but. i s  v a l i d  only on con.i.fe:rs 

and using h i s  techni.qw, 

METHOD 

P~ev9ausRy~ the  hea t  source for ~ h e  tnermoekectrie method has been 

res i s t ance  wlre,  The wire was e f t h e r  wrapped p a r t l y  o r  a l l  around the 

stem o r  inse r t ed  a s  a probe i n t o  che stem, The presenE inves t igat ion 

proposes uafag a radin;=+f"requency generaxor as a heat srsurce, This w i l l  

allow a t h i n  c ross  seczion zo be heated a lnss r  3.nsranraneousl.y and 

uniformly throughout, essentEaPLg c rea t ing  an fnstantaneous plane source 

ea t ,  whf ch considerably s impl i f i e s  the  mathematical boundary 

conditions, 

PROGRESS 

The work performed r o  date has been the  procurement and assenbly 

of equipment and supplies,  e a % i b r s t i s n  of t h e m i s t o r s ,  se lec t ion  of 

matched p a i r s  of t h e ~ ~ i s k o r s ,  and a theore t i ca l  devel~spment s f  heat 

flow I n  a moving medium* Since the  projec t  has just reeentay been 

i n i t i a t e d ,  no experimental work has been performad; hence, only some 

theore t i ca l  deveZ~pments w i l l  b e  given in  t h l s  r e p o r t ,  
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heat at one pofn$ or l ane  and measur2.n the temperature rfse ax a 

Zven dds:ance away, can be treated by t he  theory  o f  moving 

If an instantaneous Bane source of s t reng th  Q i s  created at the p lane  

x = O ( t h e  x e~~rdinate i s  parallel to the flow), the3 the temperature 

distribution i s  
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I f  the e f fec t ive  cross-sectional  area A of the  Elow tube is known, 

the  quanti ty of flow per u n i t  time Q i s  

Equations [2 ]  and [3 ]  show tha t  t e e f f ec t  of thermal di f fus ion 

cannot be neglected, especia l ly  a t  low vehoeiaies and shor t  distances 

from the  heat  source, 

Another way of obtaining t he  veloci ty  of flow is by measuring the 

temperature a t  two points equidis tant  from the  heat  source, one u 

and one downstream, say a t  x and -x, The temperature difference a t  time 

tm i s  then 

A s imilar  expression i s  obtained fo r  time t 971e temperature 
2" 

difference a t  time tl  i s  divided by the  difference a t  t2 t o  obtain 
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Equation [7] haa axi advantage aver equation [z] in that  %he 

temperature differences can be obtai&ed a% three ox- four tPmes; hence, 

tanecous 6 q ~ 8 t i 0 n ~  can be so1.~$d fo r  bo&B U and ke In equation 

[2j9 B must be obtained from another source, 

ove development i s  applicable t o  bundles of verry thin-walled 

tubes within which f lu id  i s  moving. Hf a cross section of a conifer was 

heated with a d ie l ec t r i c  heating apparatus and temperature sensors were 

located within the tracheids (see Marshall l%8),  equaeiows [I] 

through [ a ]  are  applecab k. 

For the case o f  heating a plant stem dieleeer&caPly and measurhg 

the time s f  maximum temperature r i s e  a t  a point on the outer 

the stem, another approach may be used, %is devs3.o ent accounts for  

the diffusion of heat through the bark of the stem as well as dP%fas%on 
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resented as a plane, Assign the coordinakes x and z to the 

plane, and the dfffusivity k to the water eamat i2u t ing  the substance 

of the plane, Add the third dimension y by placing wood of diffusivity 

k2 to both sides of the very th in  xylem sepresentcr3 by the x, z plane. 

Within the xylem, at Y = 0, let an fmtantaneoua l i ne  source sf heat 

be generated, If the water in the xylem i s  f%oln7ing w i t %  u n i f ~ m  

be represented by 

where k is the thermal d5ffur.ivfty of water, kZ i3.e thermal dPffusivity X 

of wood, and y is the thEckness of the bark, 

tion made in using equatioa [8 ]  to d e ~ c ~ i  a the flow of 

heat generated within  the sap stream is that the Vine source moves 

through the water without the water itself moving, A more sealistic, 

but mathematically intractable, model w o u l d  be a very thin eylfndsical 

surface moving wit a velocity U, and at t = 0, the circumference at 

x = 8 i s  instantaneously heated. The magnitude of the error caused 

by this assumption, and hence, the v a l i d i t y  of eqna:tton [83 will be 

approached exgerfmentaf ly. Assuming equation [ 8 ]  is valfd, d l £  £ eren- 

tiating with respect to time and equaziwg the result to zero yields 
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the velocity 

Equation [9] contains two factors which account for  diffusion of 

heat (a) outward through the bark and inward towards the center 

2 
[y (kl/kt)] , and (b) within the moving water (-4kltm). In cases where 

x i s  large and t i s  small, these factors become less  significant.  
m 

A recent gaper by Ladefoged (1960) presented data which allows a 

pa r t i a l  check to  be made on the above theory. Zadefoged used an 

apparatus similar to  the one proposed for  th i s  study to  measure the 

quantity of water consumed by trees. Figure 1 shows a curve calculated 

by using equation [3] .  The circled points were taken from Ladefogedg s 

Figure 6. The constant A i n  equation [3] was a rb i t r a r i ly  chosen t o  

f a c i l i t a t e  comparison of the experimental and theoretical data, This 

constant s h i f t s  the ordinate and changes the slope, but does not a l r e r  

the inverse relationship. In th i s  comparison, the difference between 

the curve calculated using equation [3]  and the simple expression 

U = x/t would be small because x i s  much larger than the tern -2ktm. 
m 

Ladefoged s tated tha t  h is  data indicated an inverse relationship 

between velocity and time of maximum temperature r ise ,  but he did not 

elaborate, Equation [ 21 predicts t h i s  inverse. Equation 1.91 was not 

2 
used i n  the calculations because data for  the term y (k /k ) were not 1 2  

available from h i s  paper. It can be implied from Figure 1 that  a 

theoretical interpretat ion of the sap flow phenomena may be successful. 
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O Experimental data 
from Lade f oged 

- Theoretical 

Time of maximum temperature rise (min,) 

Figure 1. A comparison of Ladefoged's experimental data 
of the quantity of sap flow in a sycamore and 
a theoretical curve, 
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LINE PROJECT: 8WG cB3-P 

area, Light f n t e a s i t y  measurements were mde in the growth room a2 25 

poisnts in a gr&d pattern, by use of both a Wsetdan fight neter $:ad an 

Epgley pyrheliometer, At 5 feet above the  flssr the intensity, wieh 

-2 -a 
O,IP5 -& 8.025 gram caf. cm rain. , dropping significantily below zhis 

oaly a t  the corners o f  the room. At 3 feet above the  fksor, the 
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LOCA-TION: Univers i ty  of Arizona C s t t m  Center, 44th and Bsoadway, 
Bhoenix,Arizona 

ERSONNEL I W  PHD: Leonard J. Ex'je., Karl Harris, and Fred Frenr? 

COOPEWTIOM: (See previous annual  repore)  

QBJEGTIVES: (See previous annual  r e p o r t )  

Long and s h o r t  s t a p l e  cottan: was p lan ted  in f o x - r o w  p l c t s ,  f bre 

r e p l i c a t i o n s ,  and was given f o u r  i r r i g a t i o n  t rea tments .  One hundred 

pounds of a c t u a l  n i t r o g e n  was app l i ed  before  p l a n t i n g  time, A p r i l  2, 

1960, %jx s ide -d re s s ing  t rea tments  were i n i t i a t e d  on irrigatLora treat- 

ment no. 3, a long  w i t h  t h r e e  top-dresxiog treatments and a coult-$ Lcssam- 

only and check p l o t .  

Mo. 1 - I r r i g a t e  when 85% of a v a i l a b l e  water  has been used from 

top  t h r e e  f e e t  of r o o t  zone. 

r r i g a t e  when 75% used. 

No. 3 - I r r i g a t e  when 65% used. 

No, 4 - I r r i g a t e  when 55% o r  Less i s  used. 
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Depths 
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Fggure 4 ,  Blossom and Bo3.l Ccmt Short Staple, Trt, 1, - 1960 

Irrigations 
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%ktl!g$Jt 3 J!-rjr$ 

corn borer, 

1 The analysis sf variance showed. no s%gniE%ca:ace in y$sl'd os mi-' 5~~ . - 
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TXTLE: GONSmPTXVE USE OF WATER BY CROPS ZN ARIZONA 

LINE PROJECT: SW6 C13-3 CODE W , :  Arizona ph-8 

LOCATION: Various locations ehraugbsut the State of Arizona 

PERSONNEL INVOLVED: Leonard 5 ,  Erie, Karl Harris, and Fred French 

DATE OF ENZTEATION: I959 

OBJECTIVES: See Annual Report 1959, 

NEED FOR STUDY: See AiranuaP Report 1959. 

DESIGN OF EXPER MENT: See Annual Report 1959, 

1, Procedure : 

Consumptive-use measurements were made a t  the  following 

locations i n  1960. 

Wheat - Mesa Experiment Fxm 

Cotton - CoDton Research Center 

Guar - Mesa Experiment Pam 

Safflowex - Mesa Experiment P a m  

Sorghum - Mesa Experiment Farm 

Blue Panfcum - Mesa Experiment Pa~m 

Bermuda Grass - Mesa Experiment Farm 

Cole Crops (Cabbage, Broceo%i, Cauflflswer) - Mesa 
Experiment Farm 

Cantaloupes - Mesa Experiment Farm 

Other vegeta61es (Onions, Carrots) - Mesa Experiment Farm 

EXPERXMENTA'L DATA AND QB SERVATIONS : 

On co1e crops-c bage, brsecoH., cauB%fl.ower, and carrots-  

frequent ea r ly  .E.rrBgatims were g5ven to obtairr;! stands. ViusuafPy 

hezvy ra ins  occurred the Past of October, Because of this, it can be 

expected thaz ca lcu la t i sns  fo r  seasonal eonsamp$fve u8e and the  

foot  csf prof i 1.e use would be high, The caIcul8tfons f o r  seasonal. use 

can be expected t o  be about four inches too high. 
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Dates 
-> 

Jan, .- 
16-31 

Dec , -- 
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Dates -- 
Jan. 
?- 

1-15 

Nov. - 
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Profile Use by Various Crops in Arizona in Inches of Wser 

Cotton Wheat Gesara: Safflower 

0-1 l4,20 6.72 9.78 E3,58 10. 64 

1-2 7*48 4.83 4.60 9.6& 4.04 

2-3 5.85 3.46 4.07 7 , 4  3.22 

3-4 3.81 1.36 2. 74 2,87 2.89 

4-5 3.21 1.28 1.75 1.57 1. 13 

5-6 2,66 .57 - 1,61 .96 - 1.24 

Tot81 37.21 18-22 24.55 36.02 22.36 

Blue Panicurn Bemda Brocco1P Caulif lower 

Cantaloupe Carrots Onf ans 

6.28 131.68 12.87 

6,46 5.91 5.63 

5.10 2.34 2,53 

3.88 1.94 2.22 
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Vofarrae M g ~ ~ ~ ~ ~ ~ ~ g ~ & ~ ~ ~ L ~ ~ ~ g  

T r e a  c r 9 e r s . b - s  

(Inches] 
0 -  2 Pa46 1047 P045 1 q$.t I. 051 
2 -  4 1,5O 1,52 P,48 " ~~5 1,56 
4 -  6 1.43 1-45 E042 L A  f a 5 1  
6 -  8  E,37 % A 2  E 0 & 3  L043 10&*5 

1,40 L,42 1,44 1.44 1,.45 
1,01 1,42 Ee40 &I, 
P Y r . . -  

MeanW = E,43 Eo43 I,&$ L ,A6 2 048 

Treatment R e p l i c a t i o n s  
1 2 3 4 5 - - .P 

1 9.80 P0,56 13.11 3-54 9,75 
2 9 * 0 8  9*53 9 ,62  9.43 9 , 4 2  
3 9*56 9,83 P8,1 
4 9 ,04  9 ,52  9,5 
5 9,58 9,63 9 ,  

Treatmeat Y e a r s  

C O W N T S  AND PM~RPETATlQNS : 

1, V a h m e  weights, a s  i n  previoas pears, show compaction in t h e  masr 

severe1.y ti14.ed p l o t s  even af ter  three years o f  aPEaBfa, T h i s  

compaction extended through EO fnehes of s o i l  i n  treatment 5, 
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TITLE:: DEVELOPMENT AND PERFOWCE TEST OF LIGHTYESGHT %TE kZ,4TE9% FOR 
~ E U T R O N  MEASUREHENTS 

NE PROJECT: SWC ~ 1 3 - 6  

INTRODUCTION : 

There has always been an i n t e r e s t  i n  the  use o.E a r&&e netex 1c0 

f i n d  the  count r a t e  of a neutron probe, p a r t i c u l a r l y  when used under 

f i e l d  condit ions.  Generally speaking, r a t e  meeers a r e  s imp le r  i r e  conA- 

s t r u c t i o n  and l i g h t e r  i n  weight than s c a l e r s ,  A r a t e  aazetes has an 

add i t iona l  advantage inasmuch a s  the  count r a t e  is  d i r e c t l y  i w d i c ~ t e d  

and the  recording operat ion cons i s t s  of noting the  pos i t ion  of a needie 

only. I n  a s c a l e r  i t  is  necessary not  only t o  record the  count which 

involves r e g i s t r a t i o n  of seve ra l  d i a l s  o r  ind ica to r s  but also to either 

time the  operat ion accura te ly  o r  measure the  Lima over which the  count 

was obtained, I n  the  past ,  however, r a t e  meters have not been saLis- 

fac to ry  because of lack  of accuracy, excessive movenent of t he  indfea t ing  

needle, necess i ty  of frequent  replacement of ba tee r l e s ,  and lack of 

s t a b i l i t y .  

With new techniques i n  e l e c t r o n i c  c i r c u i t r y  design avaflabEe I t  was 

decided t o  make another  attempt t o  develop a s a t i s f a c t o r y  r a t e  mezer. 

The p r inc ipa l  d i f f e rences  wi th  previous designs were t o  be: (1) The 

c i r c u i t r y  wi th  s o l i d  s t a t e  devices only, such a s  t r a n s i s c s r s ,  diodes, 

zener diodes, e t c , ,  (2) the  operat ion dependent upon Pong Life, s t a b l e  

mercury b a t t e r i e s ,  (3) t he  output of these  b a t t e r i e s  f u r t h e r  regulated 

by vol tage  regula t ing  c i r c u i t r y ,  (4) weight below B pounds, m d  (5) 

needle movement reduced by a spec ia l  c i r c u i t  so  t h a t  the  operafor has no 

d i f f i c u l t y  i n  deciding what t o  read out, 
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Accordingly, the  p r inc ipa l  design requirements, ro~gh ideas on t?.e 

na ture  of the  r a t e  meter, expected counting r a t e s ,  pulse eharac ter fsc iee ,  

and the  requirements f o r  high and low vol tage  sf  commercially aval.lab3.e 

neutron probes were assembled and a development con t rac t  was arranged 

with the  Applied Research Labasatoxy of the UnLversity af Arizona in 

Tucson, Arizona, 

DESCRIPTIOM: 

As a r e s u l t ,  f i r s t  a prototype was hilt f o l l o ~ ~ e d  by two a d d i t i m a f  

u n i t s  i d e n t i c a l  t o  the  prototype with the excepcEsn of a few minor 

improvements The r a t e  meter thus deve%i.sped wPER be designated aw the  

Tempe Rate Meter, L t  is approwL~ately 7 pomds in wefght (see Figure %I  

and i t  employs s i x  mercury b a t t e r i e s  approximately E/2 s m c e  i n  weight 

each. The b a t t e r y  l i f e  should be apgrsrLah?ireEy 100 howrs 04 operat ion.  

Indica t ion  o f  t he  condit ion of the  ba tee r i e s  is pruvfded by aa appnprEa te  

switch and displayed by the  meter, 

The r a t e  meter has separa te  swL@ehew Esr t?%e 132,G volt h"h voLtxxge 

supply t o  the  neutron tube and a switch for t h e  mewring part of the  

Corporation type probes can be used in conjunction w i t h  khe rate mmrp 

provided the  d iscr iminat ion  is properly adjus ted  so as t o  exclude gmma 

pulses. This adjustment m y  vary s l i g h t l y  from one neutron probe t o  the 

next,  The d i sp lay  meter has been ca l ib ra red  directly in e o m t s  p e r  

second and has a ncaxhum range of 200 countxi p e r  secsad, This means that 

t he  output of a Troxler  type probe cas be acc~~mmd&tecd a t  moisfure cosa- 

t e n t s  up to 40 percent  by volume and s se rce  strength of 4 ~ i P k f ~ u r i e ~  

&dim-bery lP imO The output s f  a Nu~Beax-Gk~jfc3t.g~ type probe car1 te 
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odaked up t o  a maxhum sE  40 percent ~misscze bj volme and a source 

s t r e n g t h  sf approximately 7 m i l  l f c u z i e s  of rsdi.i~s-beryi!.L$a;,*ddP Obviously, 

the r a t e  meter has been designed t o  be used w L t ~  2 ririLLicurE~;~ radium- 

berylI&utn i n  case s f  a Prsxler probe and 5 m.iS.hkcurias radium-beryllium 

in the  case of a MucBear-Chicago zy3e probe. 5mre I s  a,bouC 28 percent  

adjustment i n  the  xeliationskiip between ffeqtency mc? meter ou$put, A 

d f f f e r e n t  meter range can be easi ly  provided,  

Operation of tke  r a t e  meter is simple. AFCEI e ~ n a e c t i o n  t o  ulhe probe 

the  cont ro l  switch is thrown CCJ the count aete r.ios"Ltion mssd the  pos i t ion  

of the needle is observed a f t e r  approxF~i~.&eiy 30 aezonds. Sefsse reading 

the needbe, however, a time constsrrrt switch $8 de~seased wBdch r e s u l t s  i n  

a 'braking ac t ion  on the needle, cscaing Sc t o  v b r ~ r r a l % y  ~ " c d  s t i l l .  

Measuremeots thus obtained have a 2-rec la~en Q.? aglp.z.oxfrria~~fy 2 percent,  

If g r e a t e r  prec is ion  Ps reqztired,  he push button. Ls aekd dom f o r  am 

additional 30 seconds which rescBts in ~ ~ ~ O f i n g a  I-avIng Q ;> ;~ tc i s Ion  of 

a g p r ~ x i n ~ a c e l y  l percent ,  

Comparirson with acca?a% sca!ier raadiaga 3S,ow S ~ R K  $tie &age meter 

indica t ions  agree p e r l e c t l y  wittr those obtained Lron a scaler. This  

proves t h a t  the re  Fs equal ly  good p ~ e e i o i c m  if cnc zatc meter is used 

ins tead  of a s c a l e r  (see Figure 2), 

Studies have been made of the  e f f e c t  of ExmEent temperature on the  

rate metes perfsmance. It was found %ha& "ese effsc"~ a r e  minor but 

no& ccpmpLetely negligible, of the order oC ab:.: 2 txs 3 percent. Such 
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Figure 1. The Tempe  rate m e t e r .  
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&en though two types of neutron depth p r o h s ,  on& & ~ ~ p l l a d  $y m e  

Xuclear-C%icago Corporation and the  o ther  by E~ox%e.r EL-C* r , CB- 

Laboratory, have been i n  use for  some tima, a direct soqara*iwi, wt;"&lks 

a t i o n  on. the two designs has not been avaYLsb*,e, Pa -. - . ,="-IIIG~c 
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It could be concluded t ha t  f o r  both types of probes Zr zs necessary 

t o  ca l i b r a t e  with bodies of s o i l  t ha t  exceed dimensions s f  approximately 

120 em, be they cy l indr ica l  o r  cukuf.~, This statement i s  part%cular%y 

t rue  a t  low moisture contents, below .I0 by volume, The ca l ib re t ion  

curves which were obtained fo r  the two types of probes musk be consfdered 

a s  qu i te  accurate and s ince  they were expressed both as absolute count- 

ing r a t e s  and as  counting r a t e s  referred to  standard of known dimensions, 

they should prove t o  be of f a t e r e s t  to  others working with these t4,pee 

of probes. 

The ca l ib ra t ion  curve f o r  the two types of probes i s  di.ffexent. 

The ca l ib ra t ion  f o r  the  N-184 probe (TroxPer E l ec t r i c a l  Laboratory] i s  

almost l inear  except the very f i r s t  pa r t  a t  qu i te  low moisture cmr-ents. 

The P-19 centered-source prpbe (Nuclear-Chicago Corporation) shows a 

sigmoid ca l ib ra t ion  l ine .  Further comparisons of the two ca l ib ra t ions  

brings out the f a c t  t ha t  the N-104 probe i s  from 2 112 t o  3 t ides  %ore 

e f f i c i en t  i n  terms of slow neutrons counted per  un i t  s t rength  o f  the  

f a s t  neutron source (see Figure 2). 

From the l a t t e r  f inding i t  i s  concluded that  the end-source probe 

design i s  de f in i t e ly  preferable because i t  gives the highest  e s u n t h g  

r a t e  a t  the lowest cost  and a t  the  lowest exposure hazard. The end- 

source probe i s  simple t o  construct  and can be serviced more eas f ly  

because the  source can be detached from the probe i t s e l f  by unscrewing 

the source capsule located a t  the end sf the probe, Adequate counting 

r a t e s  can be obtained with the  N-104. probe with sources as  malP  as 

2 mc and i n  ce r ta in  cases even 1 mc could be considered sa t i s fac tosy ,  
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 he exposure hazard f rom a l mc radfam source eneapscia'oed LA a na ; i c . , l -  

mum amount sf  lead i s  c lose  t o  nomi.na?Lc 

TRANS U T X N G  SOLUT ZOMS 

solutions fo r  actual s o i l  masses i n  c a l t b x a ~ l r i g  netaeron probes, 9: 

was found tha t  s a t i s f ac to ry  use can b e  rrtade o f  s o Q U t 1 ~ ~ ~  cad~iidm 

neutron probes dom t o  low moisture zsntezts using boric acxd, P.s 

objection does not apply to  the  use of cadmium salts  which,  on t h e  

other hand, a re  somewhat more expemioe and ~equire nsn-mtall-Lc 

re la t ionship  between concentration of a neutros Bbsozbe r  and The . x r r z+ -  

psnding s o i l  moisture content i s  conslderakly d i f f e r en t  i n  difkercwt. 

types of probes. This means t ha t  the use  of neutron absorbtng sssk.t.io~s 

can only be used to  f ind  the ca l ib ra t ion  of a probe i f  a caXf5~a~ion of 

ledge of sol.9 moisture content. Therefore ,  t h e  vse of soluticzm f s 

l imited i n  usefulness to:  ( 9 )  The ver f f fca t ian  sf the b e h w b s  of a 

probe tha t  has been prevfoua%y calfbc'atect .PI soil or, (29 the caLx3.ra- 

t ion  of a probe by comparing i t  w i t h  another one of an I.deatir;rt; 

construction, excepting source s t  r e n q h ,  uAic& has been c a l f 3  r.asca f QT 
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Bofforn View Section AA 

Neutron Source 

Source Shield 

Handle Shield 
I 

Moderator 

otective 

Neutron Source Cover 

Side View Secfion BB 

Neu f run Pro be 

(Dimensions in C M )  

Figure  1. Probe dimensions, Annual Report of the U.S. Water Conservation Laboratory



Mois f we, Volume Fraction 

-05 . /O ./5 2 0  5 -30 ..35 -40 
Figure  2, Comparison of probe efficiency , 
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TITLE: EVALUATION QF S U E A C E  NE 

as the commonly used depeh probes for- neutron measurements 

of a o i l  rnsi.atuhpe eontent are nag capable of indicating the m~fsture 

the surface layer ,  there has always been considerable interest 

in a surfam neutron psoblit. HBs$oricaPly, attempts to &evelop this 

meshod are as old as t a neutron method itself, oing back to 1950, More 

recent strempts in t h i s  directlo2 a r e  represents3 by a c 

clear-Chicago Ccrporetian a~qd p&b23."-s?aed 'work by PM.I%%ps 

in Eowa and bp Marafs la the Union sf South Africa, 12 khe 

account i s  give of an e v a l u a t k a ~  of s simple surface probe 

whEch eons2sts of a modification of a Trowier E ectxtcal %aborgeories 

self f n  air, t rage as obtained being caused 

ogenous shield over the counter, 

robe is converted Sato a surface probe y disassemblying 
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tor ,  and taking the source out of the  espsufe and pressing 

it in to  another lead capsule espkaially made f o r  the  purpose, It f%tx  

contiguously t o  the  p u n t e r  i n to  the  hydrogenous shie ld ,  3 

surface probe weighs approximatePy 8 %J2 kilograms and i s  iIfustra",ad 

i n  Figure 1. 

A s e r i e s  of evaluation t e s t s  and experiments were made as  fo lbws :  

a, Calibration, invest igat ing precision, l i nea r i t y ,  and sens%tfvft.g, 

b ,  Depth of measurement. 

e, Effect  of moisture be ta t i f fca t ion ,  

d, Effect  of i r r e g u l a r i t i e s  i n  the  soil surface. 

WLIBRATION 

Calibration of the surface probe described heretofore was accomplished 

by placing i t  on homogeneous bodies of s o i l  t ha t  were 30 cm deep, It 

was found t ha t  a s t r i c t l y  l inear  re la t ionship  ex i s t s  between the eountiag 

rate and ehe moisture content sn  a volume basis ,  see Pfgure 2, Furthey- 

more, PC turns out t ha t  the  sensht ivi ty  of the device i s  as  good as tft~at. 

of a depth probe. Calculations show hat adequate r e s u l t s  c m l d  be 

a surface probe containing a one mil l fcurfe  RA-Be source, 

I f  i t  is desired t o  express the  r e s u l t s  on a standard basis ,  t h i s  may be 

done convekent ly  by using the  counting r a t e  i n  a i r  as  a standard. Tr? 

e i t h e r  case, the  accuracy of a device appears to be somewhere between 

1 J 2  and 1 percent of moisture on a volume basis. 

DEPTH OF MEASUREMENT 

The depth of measurement was evaluated by making measurements oa 

omogeneous s o i l  blocks of known moisture content and reducing the 

thickness of these by layers and re la t ing  the counting r a t e  to  the 
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t fng extent of the  s o i l  layer, 

Lt was found t h a t  the  moisture eonteat of the soil 5.kaeI.5 %as fie 

obvious bearing on the depth of measuremend&, I2 all. ccasea t a c ~ e a s i n g  

the bhiekwess of the  s o i l  over 1.5 cm had no 

T%e f i rs t  few centimeters s f  soil. have the  

g r a t e  and from there on t a te  is but LitrLe increased 

by increasing the depth of s o i l  up u n t i l  the 15-eenti~rcter dspzh is 

ieh represents, f o r  aYP prac t ica l  purposes, ax i n f h % s e l y  

see Figure 3. 

MOPSTmE STRAT 

Z2.e effect of moisture s t r a t i f i c a t i o n  was exaa%nad by ~reperPn8 

s t r a t i f i e d  s o i l s  t ha t  were obtained by natural dr?ying, in w k ~ k h  case a 

smooth ddia3tribution of moisture r e s u f t ~ d ~  or by artiff.cL8lJly dapaaitifng 

a wee or  a dry Bayer of s o i l  on a dry or wet Bapar, The thlek,ness of the 

Hayem was warfed as well  as t h e i r  moisture eonEent, A f a b l e  is shown, 

on two eases pertaining ts abruptly chaag5ng ao5stuzc e m t e s t  

and a th i rd  to  smooth d i s t r ibu t ion  s f  msis2ure, d a n ~ ~ n e t ~ a t $ . ~ ~ g  that  there 

is no clear-cut re la t ionship between t f s%um e m t c n t  a8 

derived from the surface neutron probe and t 

of the top 7,5 cm, 
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Comparison of moisture content measured wiCh surface 
neutron probe ts actual  values f o r  the surfsee 7 , s  cm, 

Dry over Wet Soi l  .I15 .073 +, 038 

.050 .OS8 +, 062 

,048 +, @oi$ 

Soil  Drying a t  .I50 -147 9,003 

Calculating the moisture content of s o i l  i n  any other way may in 

some cases provide b e t t e r  agreement but not in others,  The closest one 

can came i s  by comparing the  indicated moisture content and the  avera 

moisture content of the surface 7,5 cm sf  soif, However, the disagree- 

ment between indicated and t rue  values i s  still such tha t  one must 

eonelude tha t  the indicated moisture eantenk i n  the case of strat ifKed 

s o i l s  is  only a good estimate of the  t rue  mofstum content, 

In  natural  circumstances, s t r a t i f i c a t i o n  is more the rule ehan the 
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exception, Surface drying r e s u l t s  i n  considerable s t ra t f f iaacEon of 

ma?,isture i n  the  top few centimeters. Small amounts of r a i n f a l l  o~ 

r e l a t i ve ly  dry s o i l  r e s u l t s  i n  very sharp boundaries between wet and d r y  

s o i l  i n  the  surface few centimeters. So i l  compaction and changes i n  s o i l  

texture  may a l so  have dinnilar e f f ec t s ,  Therefwe, i t  i s  eoneluded frhet 

the  usefulness of the  surface neutron probe as an exact instrument fa 

l imited t o  cases where one i s  reasonably sure that  the  moisture d r s t r i b n -  

t fon i n  the surface i s  homogeneous, In o ther  case8, one can only speak 

of a r e l a t i vq ly  crude estimate, 

SURFACE IRREGULARITY 

The i r r egu l a r i t y  of the  surface upon which the  probe i s  placed also 

has a pronounced e f f e c t  on t h e  indicated moisture eontent, Experiments 

with corrugation of the  surface and purposely t i n t i n g  the  probe away from 

the  surface a l l  indicated t ha t  counting losses as  high as  310 ""s 220 pe-mmt. 

are found i f  the  probe is as  l i t t l e  as 1 cenCimeter away from the aurfacs, 

e i t h e r  a t  one point o r  a t  a number of points  such as would be the ease 

EE the surface i s  corrugated o r  generally f r regufar ,  To get representative 

readings it i s  considered an absolute necessi ty t ha t  the  surface is as 

f l a t  as one can obtain it and it  i s  probably des i rable  t o  ac tua l ly  press 

the  probe i n to  o r  agains t  the  s o i l  surface. 

The investigation, of surface neutron probe cha rac t e r i s t i c s  has been 

concluded, Further d e t a i l s  may be found in a publicat ion which wf 11 be 

submitted t o  the  Journal  of Geophysical Research, 

PERSONNEL: C. H. M. vkn Bavel, 
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Counts per Minute 

- Count Rote h Air 

Centime Pers 

Pi.gur.e 3 ,  Effect of depth of so31 on surface n e u r a n  probe i r e d i ~ a r i u r ~ ,  
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LN?RODUGTION 

She moisture cha r ac t e r i s t i c  of f i e l d  soTLs, part . jculasly a t  

sE&ghtLy l e s s  than atmospheric pressure po ten t ia l s ,  shouid be determined 

us ing  samples t h a t  have not  been appreciab1.y d~sturbeci ,  Scch sarre~ies 

a r e  eammonly obtained with some s o r t  of c y l i n d e r  sa.wp';er :core sampTerj 

ipmant. is required whereby the ehangtng ma_;;isznre wWttent o f  tae 

core ample  can be measured as the pressure petentaal is var ied,  

%a pressure c e l l  p r inc ip le  as f i r s t  propobed 3, R . L c % ~ T ~ ~  ( A )  is 

s o l t a b l e  and p rac t i ca l  f o r  such a purpose, I - ,  r m s t  be reaemel-ed that  

the ecqri~Hibratfon time of a s o i l  column i n  a pYEasu rk  ~e*i is dependcnb 

upon its height, Gardner (I), and f o r  the procedure ro Da practfca-!, 

column heights in excess of 4 or  5 em are  wndesCrab"~~, rbus l f rn~%lng  

the s i z e  of the core sample t o  modest proportisrts,  To f h e 1 6 t b ~  %ize  &?if 

equi l ib ra t ion  and the f i n a l  moisture content of s.he core smp-e, weigh- 

ing I s  l e a s t  conducive t o  e r ro r s ,  However, i t  Ys ncr ~raetneal +c 

remove the eore from i t s  support f o r  t h i s  purpose kscaube OS the dEf 2 l -  

clslty of r e -es tab l i sh ing  good hydraul9,fe conkacs ~ E ~ W - W A  sampYe and 

porous pbate, 

Therefore, a small and simple pressure eel i was de:ig~~ed Lbat eou;d 

be weighed i n  i t s  e n t i r e t y  with adequate preetslcn, A , m ,  we a-Y,med at 

an econmicel  piece of equEpment t ha t  ws~rfd 5e sb i%&~,e  ixcr use i n  

t e s r ing  laborator ies .  

- I89 - 
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lvLEZHOD 

P i p r e  I shows the dimensions and assenbly ot the pressore eel,L, 

It i s  designed f o r  the use of brass  re ta ine r  cylinders a s  used i n  the 

s o i l  sampler speci f ied  by the U. S o  Sal.inPt,y Laboratory (31, These 

cylinders a r e  made of 19 gage brass  (0.11 em), L.180 inches (3,00 em) 

high and 2,250 inches (5+J2  em) i n  outside diameter, For other s i z e  

r e t a i ne r  cylinders,  the proper dimensions have t o  be worked ou t ,  

The porous p l a t e  i s  supported on the t u c i t e  bottom par t ,  &-MI i e  

rooved f o r  drainage, An O-ring prevents entry of  a i r  i n to  the par t  of 

the c e l l  below the porous p l a t e ,  The top pa r t  of the ce%L, a i s o  made of 

Lucite, i s  cl.amged t o  the bottom gars  with two cLazaps, thus securing the 

r e t a ine r  cylinder t o  the porous p l a t e  and insuring the O-ring s ea l  

between p l a t e  and bottom, Two types of porous p ra tes  a r e  used, ceramic 

and s t a i n l e s s  s t e e l ,  Ceramic p l a t e s  a r e  used where the  m f s t n r e  charac- 

t e r i s t i c  o f  a s o i l  core from zero t o  -1.000 m'b i s  desired, as the ceramic 

has a bubbling pressure of about 11400 mb, I f ,  however, the moisture 

cha r ac t e r i s t i c  from zero t o  -200 mb i s  desired, s t a i n l e s s  s t e e l  p la tes  

a r e  used, s ince  the equ i l ib ra t ion  time i s  much smaller thaa with the 

ceramic p l a t e ,  O-rings i n  the s i de  of both the to? and the  bottom par t  

secure the r e t a ine r  r i ng  sideways and prevent escape of a i r  when the 

c e l l  i s  pressurized.  

Regulation and measurement of a i r  pressure i n  the c e l l  can be done 

fn several  s a t i s f ac to ry  ways, We use a reg,ulator for  zero t o  1, 

operating range with a precision. of about 2 m"$ A central. supply of 

compressed a i r  i s  avai lable ,  Pressure i s  measured with a prectsion gage 
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with  d i v i s i o n s  f o r  every 5 mb and a s e n s i t i v i t y  of 2 , 5  nib. A small  sup- 

p l y  of water  i s  kept  i n  t h e  r egu la t ed  p re s su re  l i n e  t o  prevent  des icca-  

t i o n  of t h e  sample by back d i f f u s f o n ,  

The time f o r  equi l ibr ium i s  determined by t h e  conductance of the  

porous p l a t e  o r  of t h e  s o i l  co reg  whichever i s  sma l l e r ,  The ceramic 

p l a t e  has a coBductance of 0.025 g h r - I  I&-' and a conduc t iv i ty  of about 

- 1 5 x 1 0 ~ ~  hr ; thus,  a t  low pressures ,  t h e  p l a t e  w i l l  l i m i t  t h e  out-  

f low r a t e  f o r  marry scs5.ls, However, the  conductance of t he  porous 

-1 -1. s r a f n l e s s  s t e e l  p l a t e  i s  68,9 g b r  mb , whi le  i t s  conduct iv i ty  i s  

0.7 cm h r w l o  The s t a i n l e s s  s t e e l  w i l l  probably n o t  a f f e c t  t h e  out£ low 

r a t e  of most soi1.s s ignif icant"i ,y  even a t  a p re s su re  p o t e n t i a l  c l o s e  t o  

ze ro ,  

With a s o i l  core  i n  f i e  c e l l ,  d a t a  shows t h a t  i f  p r e s su re  i n t e r v a l s  

corresponding t o  moi.sture content  changes sf  ou t  0.030 volume fractf .on 

a r e  chosen, equi l ibr ium w i l l  r e q u i r e  one t o  two days wi t@ the  ceramic 

p l a t e  and l o  t o  20 hours wi th  s s a f n l e s s  s t e e l  p l a t e s .  

CONCLUSION 

This p r o j e c t  i s  considered compl.ete and a f u l l  account w i l l  be  

given i n  an  a r t i c l e  i n  t h e  Proce.edings of t he  S o i l  Science Socie ty  of 

America (Laboratory PubLlcation No, 251, It i s  f e l t  t h a t  the. equipment 

developed i s  simple, accu ra t e  and economl.eal and s u i t a b l e  f o r  any 

l abo ra to ry  engaged ~ x l  s o l  L physical. measv rements , 

LTTEWURE 

1. Gardner, W. R e  Calcula t ion  s f  eapt21ary conduc t iv i ty  from p res su re  

p l a t e  0utf1.m dat.a. S o i l  Sca, SOC. PZBC. 20: 317-320r 1956*  

- L9i. ,- 
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ASSEMBLY OF P /?ESSURE CELL 
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LIME PWOJECF: SWG c13-6 

IMTROD'UCTIOM: 

The problem is to  measure the d i f f u s f v i t y  of undietszrbed s o i l  c.-9gas 

i n  the  preseure s t e n t i a l  range s f  O t o  - ,3 bar, vi&h m ~ S ? C F ~ ~ ~ T I  ease s f  

operat ion and a artinhum expenditure of t h e  and equipmerat, Eethocds 

e n t l y  used, Gardner (I), a r e  not  adequate f o r  t h i s  pressure range, 

For a g e r l h f n a x y  study, the  pressure c e l l  described by Regiww%o 

and Van Bavel (Laboratory Publicat ion Mo. 25) was csed t o  de$~mk:ua the 

moisture d i f f u a i v i e y  osir dis turbed s o i l  cores,  Xt was rl~roughz s_h.a& iF 

e d i f f u s i v i t y  and the  moistuse c h a r z c s e r i s t i c  could be detenwLnrd 

simeli,a?nesusPy on the same 8a~pXe, a great s x v h g  "_ cfiws couid be 

r ea l i zed  f o r  l abora to r i e s  engaged i n  r o u t h e  m i l  physi.caL rne1~l,"iwe~el:~::~,, 

I f  the  so i l -water  df .Ei~8dvi ty  and t4u2 sPope of &he rr,ahtu.re ~>~att?icre,r- 

ieitfc eur"9e are known EX B s p e c i f i c  moisture csn",r&, the  unoata~razed 

conduc&ivity can be ca lcula ted .  

Three m%hods f o r  dete.m%ning the  diffusivfty were wed; one 

i n v o h i n g  s tea* ays t o se  saseasurements and two irav~orslvkng C P A ~  Ben- xxnBare- 

menta . 
STl3ADP STATE METHODS: 

Xm t he  steady s t a t e  method a core was i n i t i a l l y  scaLurated wl$h water 

and t he  i n l e t  and o u t l e t  tubes a£ the  c e l l  were csnnecred by ri: continuoas 

water column t o  resexvoFrs. Both of the  rese-mofrs  were placed at an 

e leva t ion  lower than t h a t  s f  the  c e l l ,  A sas3.11 a i r  hole in the  soAE core 

r e t a i n e r  r ing  allowed t he  sample t o  becoae desacuratcd whem nega2ce  
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In the second transient method the outflow was rneaatcm6 a"rslzcceaoXvc;l. 

pressure system and aflswing the outflow to d r i p  into a tube -&iet 

removes the water without interfering with the wePghing of %he cell, 

The air pressure is increased by a known ama7ruxi~ and the Boss of welgnc 

of che cell is reeor ed, An accurate balance and &her are requi~red,  

The soil water diffusivity may chen be ca8cuPated from the satflow vacocss 

time data using equations presented below. 

was the Ostashq equation f o r  an fnfinike column, as reported by 

henceforth referred ts as the Ostashev equation, Equation [I] can be 

wrftten as 

sf adequtacy for [I]. It should give a ~ t x a i g h t  Ikzne, 

The second equation Is that proposed by Gxrdner (1): 
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f o r  a 3 cat sample, 

Mow if we let 
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are k h t  the cslwm behaves as iB it were BnPin9el.y Long and gbmx D 5s 

23 COLCIBtrnED 

The Gardner *,iguatio)'a %ma ;~- ,coc&~. wi6h t k  b i d  Q*? Figure 1 R D ~ .  D 

ca1culab;;c;d fo r  each va3.1~ of Q The.! Ta.bl/le IL dxxd:: ZB&t up r31 t 3,s 
L * 

min the ~ a P ~ u % a i ~ e d  v a h e  of D is tke rnmJ..-:, Since efie theory here is 

exact, the ddeviaaioa beyond $ = 3,5 min mwmn S%,w"il is ma:: ~c("iria:amk~ 

invaE idazing equation [ 2  1. The aver& a vsiw 05 J \::i:rmi L 0 u p  LO 

-a ID which agzeaa closely wick the v a h s  derived 

f ma the Oe tatshav equaf f on. 

.-+.  he a?;;ead.y state procedttre waa ~ajtci :ed aa d rcm%he 9 a b o ~ a t 0 r y  

practice, ao the t inva2ved i rea~h e q u k I ~ i ~ : r i ~ . ~ i  w&is k 8 0  Barge, Of h?'" I 

the ~ w o  tranmianc mb~hwds, zhe pressw-sz $nLoa-ourf1.~31w aethrrid was 

abandoned because of the d i f f i e u l i q  of a osixwitive weaeuswaenL O E  out- 

E ~ Q W  when dhe ( c ) u ~ % ~ o w  Wd28 bargeo 1~ O ~ ~ B F  60 T-n.W.SUX'62 8a OU&&%QW 0f 2 OX 

3 grams of' water with mi ic$enC sen~icIvi~y, quire e 1-ong c & p i l l m y  

kube woeaPd be required, The t m n s i s w  weighed outA90w net'9~od appears 

to "9 sbil"ahaYsEa~tmrj"o The apparatu it3 O ~ X T Q T L E  m d  requLree lLt&la & b e ,  
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It appears t h a t  both the  Ostashev and the  Gardner equation w91P 

give  consis tent  values of d i f f u s i v i t y  f o r  over the  f i r s t  f e w  minu 

However, the  use of t h e  Ostashev equation requ.ires much l e s s  computa- 

t i o n  than t h a t  of ~ a r d n e r ' s ,  

We plan t o  test various s o i l s  by the  weighed outflow method, us%n,g 

pressure increments on the  order of L O  t o  20 mb and time i n t e - m a k  up 

t o  5 o r  l o  minutes, The method looks promising, 
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5, Richards, L. A. Capi l lary  conduction of l iqu ids  through porous 
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Table 1, Calculation of D (dlffusivity) fo: Pachappa 
sandy loam for a pressure incremat f sun :  10 
to 60 do 
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Figure 1, Graph of equation [ 6 ]  f o r  n c t a i ~ ~ n g  a i P f ~ s , L ~ ~ l s y  
values from o u t  Elow measurerneru t a  , 

2 
Figure 2 ,  plot of ( ~ ' 1 4 )  ( W ~ / Q ~ )  ve r sus  rime, r, fo r  

the weighing outflow method I n  m e  p r e ~ ~ u c e  
range 10-60 mb f o r  Pachappa sand9 L a i n ,  
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P E R S O m X  IMYOLVED:: K a r l  Har r i s ,  Er ie ,  0. P, French, 
Do F. MeAEister, L, C, Chapman 

DATE OF mETEBI1XGH: A p r i l  1, 1958 
I 

CO019ER&L'ION: Er ie ,  Harris, an.$ French a r e  in charge. of t h e  experi,ment. 
They a r e  re~p0nsig"i le  f o r  ta&i,n.g d e t a i l e d  records and 
supervisfn.g the genera l  conduct of t he  experiment,  
Heasre, NcBEf sser and Chapman provide  Arf  zona & r f c n l c u r a l  
E:xpesf.ment S t a t i o n  land, water, m d  %&or t o  accomplish. 
gene ra l  f xr:f.gation, cu1t:Lva~i on,, and s i m i l a r  aspects o f  
e;mp pro&lze t ioa. ,  

:NEE%) FOR STUDY: (See previous  an:n.ua% :report,)  

Basic  .leaching t.reatrnents used when p l a n t i n g  b a r l e y  f o r  t h e  f i r s t :  

half o f  1968 and sorghlim rhe l a s t  h a l f  sf 1960: 

B ,  Apply 12 inches of w e l l  u a r e r ,  

C,  &pH- 18 inches o f  w e l l  water ,  

D. Apply 24 inches of w e l l  wa te rb  

E X P E R m N T A t  DATA AND OBSERVATXONS: 

HarPm bar ley  was p l an ted  Novem5er 3.6, I959 and harves ted  June 18, 

1960, A leae.hl.ng i r r i g a t i o n  and cwo subsequent i x r i g a t i o n s  were given. 

S o i l - s a l t  samples were taken. from the  md.dd8e sf t h e  upper, m i d d l e ,  and 

Power one-third o f  each p l o t .  These samples were taken be fo re  each 
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Seeds per Head 

R e p l i c a t i o n s  

Treatment 1 - 2 
__I1__X_ 

3 - 4 - &an 

Sig* 5% 
LSD =: 3.21 

4.62 

Four v a r i e t i e s  of sorghum (NK.3000, AMAK R-LO, RS-610, and Texas 650) 

were planted i n  rows 20-inches wide on Ju ly  6, 3.960, A Leaching irri- 

gat ion was commenced th.e aam.e day* The four  leaching treatments ware 

7,  10, 15, and 15 inches respectively,  f o r  treatments A, B, C, and D, 

Varie t ies  were suggested by D r ,  S t i t h ,  Universi ty of Arizona, Tcccson, 

A.t:is;ona, and randomized within each i r r i g a t i o n  treatment, Three irr:E- 

gations were given i n  addi t ion  t o  the  leaching i r r i g a t i o n *  

Treatments and "Bit seemed i n f e r i o r  i n  stand, vigor,  s i z e  planracs, 

and seed, The MX: 3000 v a r i e t y  was poor seed. The 7-inch leaching 

("A") was obviously a lower y i e l d e r  and the  10-inch (llB") a l so  showed 

poor p o t e n t i a l ,  The Texas 6.50 seemed t o  be the  bes t  va r i e ty ,  and was 

l a t e r  than others .  Due t o  a mishap i n  harvest ing samples, our SafEord 

samples were accident ly  threshed and no y ie ld  r e s u l t s  a r e  avai iabIe ,  

COMMENTS AND INTERPRETATIONS: 

I. Barley y ie lds  were s i g n i f i c a n t  a t  the 5 percent l e v e l ,  The 8-i.neh 

leaching was s i g n i f i c a n t l y  lower. The analys is  of variance on 

weight of f o r t y  heads and seeds per head showed s igni f icance ,  

This s igni f icance  ind ica tes  t h a t  a t  l e a s t  22 inches of leaching 

water i s  necessary. 
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2, Good stands were obtained on a l l  treatments, Tbe 8-inch 1achi.reg 

treatment was much shor te r  than the  o ther  treatments, and appeared 

t o  have less t i l l e r i n g ,  

3 w  A l l  leaching treatments showed reduced s a l t s  i n  the  f i r s t . .  and 

second-f oot l eve l s  , The 18- and 24-inch leaching treat.men.ts shgswed 

reduced s a l t s  i n  the  th i rd-foot  level .  The s a l t s  remained constant 

en the  12-inch leaching, but  increased i n  the  8-ineh leaching 

treatment, A l l  s o i l  p r o f i l e s  showed increases in s a l t  after each 

i r r i g a t i o n o  S o i l  p r o f i l e s  averaged increases of about 5 

during the  growing season a t  a l l  th ree  depths, 

4 ,  Good stands were obtained with a l l  sorghum v a r i e t i e s  on. all. pfo?.sO 

The 8- and 12-inch leaching p l o t s  were l e s s  viqorsus and appeared 

t o  be s tunted i n  growth. 

5 ,  Though i n f i l t r a t l . o n  r a t e s  were slower than i n  the. f a l l ,  leazh2.l.xgs 

d id  reduce s a l t s  on sorghum plantings,  The 10-inch Peachiag m e  

not  e f f e c t i v e  a t  any depth, Leaching i n f o m a t i o n  seemed more 

e r r a t i c  under row-cropping than close-growing crops, 

6 ,  S a l t  added i n  i r r i g a t i o n s  subsequent t o  the  leaching i r r i g a ~ f o n  was 

l e s s  i n  1960 than i n  1959, This i s  probably due t o  b e t t e r  pump 

water by about 1000 pprn. (See Figures 1 and 2 . )  
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Figure  1. Compiled leaching  data 
Saf ford  mpesirnent Fam 
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RB@3AW99 : 

The work perfs.med by t h e  Serv ice  Laboratory i n  55260 included 

va.rims physical. and chemical a n a l y s i s  of 234 s o i l  samples and 5 water 

wi@.rpBee. A breakdown of blhe a n a l y s i s  i s  g iven  i n  Table 1, 

Table 1,--Analysis performed by S e w i c e  Laboratory 1960, ---* 

i$~xiEys is, Number of  determina t ions  

P a r t  i c l c  s i z e  (hydroaneter) 4 9 

Moisture c i a a m x r e r i s t i c  

a .  Pressure  cooker 134 

b , Pressure  membrane 161 

c, Pressure  c e l l s  10 

pP1 and s a t o r a t e d  conduc t iv i ty  34 

Calcium and magnesfum 3 2 

Sodiar and pocassim 3 2 

Carbonate and bi-carbonate  3 2 

Chloride and s u l f a t e  5 

Cat ion  exchange capac i ty  14 

Organic matter 6 

I n  add i t ion  t o  t h e  a n a l y s i s  l i s t e d  i n  Table 1, a comparison 1ds.8 

~etjde wirh t h e  p ipe t ee  and hydrometar methods of p a r t i c l e - s i z e  de t e r -  

mination, AYthough only  one s o i l  w a s  used, e x c e l l e n t  agreement w a s  

obtained, SBnce t h e  hydrometer method is  predominately used, t h i s  smw 

parison served as a check on t h e  personnel  and equipment. 
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SW6 cl0-L 

Velocity indbeed pressure d i f f e r e n t i a l s  caused by the  presence 

of a seepage meter cup in a channel may cause appreciable e r r o r  in 

the  seepage measurements. These v e l o c i t y  fnd,kced pressure d i f f e r -  

have been found Lo cause the e f f e c t i v e  Bsceal head enviromnerht 

of the  seepage meter cups t o  be lower Zhan the  head which would be 

indica ted  by the f r e e  water Bevel, The f r e e  water s ~ ~ r f a c e  must, 

therefore ,  be c o r r e c ~ e d  for v e b e i b g  induced pressure d i f fe rences  

before i t  can serve  as t h e  reference Bevel f o r  seepage measurements, 

The magniixde of these csrrectfsm in r e l a t i o n  t o  velocl.ty and 

i n s t a l l a t i o n  geometry were de temined  i n  a labora tory  model s tudy,  

The data  a r e  now being analyzed and prepared f o r  pu 

P r e L b i n a r y  inves t iga t ions  of ow-cost materSa4s f o r  reducing 

seepage losses  have indica ted  t h a t  water repe l l en t  ma te r i a l s  o f fer  

l i t t l e  promise f o r  t h i s  purpose unless  khey a r e  mechanically 

incorporated i n  the  soil., Tes ts  of the  following mate r i a l s  h ia~e  

been promising: (1) 8 c lay  d i ~ p e r ~ a n $ : ,  (2) an aspha l t  emuPshm 

which can be dispersed i n  water, and ( 3 )  t-p. c o m e r ~ i a l  ma te r i a l  which 

persed i n  water and sugposedky produces a hygrsscopie 

action in t he  soil, The work Lo dace ind ica tes  t h a t  low-cost 

ma te r i a l s  m y  a l ready be which, when properly used, caa 

reduce seepage losses  from reservo%rs and canals  where extensive 

eros ion does not  occur, 
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A var iab le  head technique f o r  culp sgpa seepage mexxrs kas hem. 

developed which permits determining the  seepage rase, %he %iydrauiLc 

conductivi ty of the  s o i l  through which seepage :Is being datcnaiiaed, 

and the  hydraulic gradients  Fn che seepage area adjacenr to &he 

cup. It i s  considered thak t h i s  f a l l i n g  head aechod, when bsed 

i n  conjunction w i t h  the  Nevada seepage cup tjd c ~ r r e c t f ~ ~ ~ s  tor 

ve loc i ty  induced press 

sources of e r r o r s  which have cawed  o the r  workers to  c b t a h  e f r ack  

and sometimes unre l i ab le  r e s u l t s  w i t h  cup type seepage mcrarn, 

SldC c10-3 

Preliminary t e s t s  of m a t m i a l s  intended t o  increase precipi -  

t a t i o n  runoff from s o i l s  have been grsmlsiag, A, spray appLlcatic~ 

combining an aspha l t  emulsfon and a water repe l l en t  amxr5a2. knw 

s t a b i l i z e d  the  s o i l  aga ins t  erosion, pxodtxed essentially BOO 

percent runoff,  and has shorn good r e x i s l n x e  S o  de$er$om&%mi Fx 

l imi ted  exposure t e s t s  t o  date ,  Th i s  rreatrnent casks a b m t  Eokr 

cents  per square yard f o r  matasiala,  

SWC cl0-4 

An inexpensive r a f t  has been designed f o r  t h e  applicanit iol~ of 

evaporation suppressing hexadacsnoil-octadecazn8li moxnofiTn& c6 B & Q C ~  

ponds, Preliminary measurements indPcate t h a t  a s%ngi.e, p z o ~ e r l ~ y  

maintained r a f t  w i l l  succesafuliy apply a monof ih  t o  a two-acre 

pond. 

SWC 6211-1 

Invest igat ions  have shown t h a t  a standard 3-inch, shsst radiau, 

flanged pipe elbow can be used aa 81x1 accarafce rate o.f f h w  met;es 34 
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c o r r e l a t i n g  flow r a t e  with the differential premwre  bi.,:-wen 

ins ide  and outs ide  of the  elbow, The meter was subjected to L 

wide v a r i e t y  of flow condit ions and be was Eouad that aeaaerezsax 

e r r o r s  d id  not  exceed 2 percent if reasssuable preeautPcms w e r e  

taken. The inves t iga t ion  i a  now belng extended 60 eLbowa 05 

l a r g e r  diameter. 

SWC ~ 1 3 ~ 2  

the  miniature radiometers show equal response t o  Long and sarac; 

waves which is not  t r u e  of ex i s t ing  v e n t i l a t e d  rsdiometx-za, 

Design, eonstruetion,  inseaklatgow, and caZ8brakboa of a set 

of th ree  precis ion weighing Igs imeters f a  sow complete, ?he 

2 
lysimeters, 1 m i n  area and E06L metam deep, &:re located in a 

on punched tape wi th  a s e n s i t i v i t y  o f  abaut 20 g r a m  fa a a ~ b e b  

weight of about 3800 kg, o r  about .CB2 rn~ wacero 

handling 45 channels a t  a r a t e  of one p e r  second, has been de@&gmQ, 

cons eructed and i n s t a l l e d .  The inf o;ian.ation is scored on puncked. 

tape in d i g i t a l  f o m ,  Maximum accuracy is about 6 ~,lc~avo3,cii"~, 

Several types of a i r  h m i d i t  y measuring agu ipa,en"s:itwe haen 

evaluated and good progress has been m d e  ow the devaS~pnent 3 2  

precis ion wet and dry bkbb peychrcmetex ab?;semb%y de8%gzied For use 

i n  an a r i d  climate. 
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%W6 c13-6 

A l ight-weight (3.5 k 1 r a t e  meter9 completely t r a ~ n s f ~ ~ t o r i z e d  

and b a t t e r y  operated, bas been developed and found e n t i r e l y  

s a t i s f a c t o r y  f o r  use wf t h  exist ing neutron prabes, 

Comparison of two neutron depth probes was made and accura te  

eabibsat ions were condaucted. A mehod f o r  ca3.Sb~atifng t i ~ m t r ~ n  

probes with a so lu t ion  of neutron absorbing mater ia l  was eested 

and found s f  value within c e r t a i n  l i m i t s .  

A p a r t i c u l a r l y  sLmgle surface  neutron probe has been eoalmeed 

and found accura te  and useful ,  Sowaver, the  method i n  geaera l  is  

subject  t o  quest ion when surface  mmbstiure i8 ;!tra&lfled. 

A double tube method f o r  measnriag in s i t u  hydraulic conductivi ty 

of s o i l  above a water table was deveBopd. The advantage of the  

method is  i t s  independency s f  the  %n&ernak d ra fmge  ch ' i~zacees is t ics  

of the  s o i l ,  which e l h i n a t e s  the  need f o r  meaewfng h y d r a d k  

gradients  i n  the s o i l  or f o r  using ~ i n p k i f y i n g  ass~h%ptisws which a r e  

&xsQs s only appl icable  t o  spec ia l  condf*' 

The e r r o r  i n  i a f i l t r a & i i , n  measurement wi th  buftered cyl inders  

due t o  d i f f e r e n t  water bevels fn cyl inder  and buf fe r  w a s  s h s m  ss 

be d i r e c t l y  prsgort isnak t c a  t he  water l e v e l  d i f ference  and 

fnversely proporticanal to the  %nfBBtx.aLSon gradlene. The e r r o r  was 

found t o  increase a s  $he i n f i l t r a t i o n  progresses and go reach a 

maxfntam a t  f i n a l  infilt-ffatbnn csfndbtions, For  f ield.  inetalEatbssns 

comm~nly used, t h i s  maximu e r r o r  can approach o r  even exeeed the  

magnitude of the  ll$"afiPtration r a t e s ,  Th~ws, it is bpostxmt  to 
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oyd E., Jrog and Eaisc, Eowaad Be Mates 
Eff ic iency o f  S~~rfdlee end Sprtnklez Methods 0.f L r k i g & t i ~ n e  P m e o  
Taternationel Cuagress Hrr igs t ion  and 3ra2nc%ge, X%driL, $ps%z, 
(In Press), 
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