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INTRODUCTION 

The Southwest Water Conservation Laboratory was dedica ted  

October 19, 1959, P a r t i c i p a n t s  i n  t h e  ded ica t ion  ceremony included 

Senator  Gark Hayden of Arizona; Governor Paul Fannin of Arizona; 

D r ,  Byron T. Shaw, Administrator  of t h e  A g r i c u l t u r a l  Research Serv ice ;  

Wayne Akin, Chairman of t h e  Nat iona l  Advisory Committee on S o i l ,  Water 

and F e r t i l i z e r  Research; D r .  R. K, Freve r t ,  Di rec tor  of t h e  Arizona 

A g r i c u l t u r a l  Experiment S t a t i o n ;  and a  number of o t h e r  l eade r s  i n  t h e  

f i e l d s  of a g r i c u l t u r e  and resource  conservat ion.  

Gons t ruc t i sn  of bu i ld ings  was e s s e n t i a l l y  complete a t  t he  time 

of ded ica t ion  b u t  i n s t a l l a t i o n  of s p e c i a l i z e d  equipment was no t ,  Much 

of t h e  equipment, such a s  a i r  handl ing u n i t s  and c o n t r o l s  i n  t h e  

con t ro l l ed  temperature l a b o r a t o r i e s ,  i s  decidedly d i f f e r e n t  from 

commercial i n s t a l l a t i o n s  wi th  which t h e  sub-cont rac tors  a r e  f a m i l i a r .  

It has been necessary  f o r  s e v e r a l  s t a f f  members t o  spend a  cons iderable  

po r t ion  of t h e i r  t ime i n  checking ope ra t iona l  c h a r a c t e r i s t i c s  and 

a s s i s t i n g  t h e  sub-cont rac tors  i n  r e v i s i n g  va r ious  systems and developing 

c o r r e c t  procedures t o  i n s u r e  proper  opera t ion .  With t h e  except ion of 

t h e  c o n t r o l l e d  c l ima te  labora tory ,  which i s  now i n  the  l a s t  phases of 

cons t ruc t ion ,  t he  major problems have now been solved f o r  a l l  s p e c i a l -  

i zed  f a c i l i t i e s ,  A d e t a i l e d  d e s c r i p t i o n  of t he  Laboratory f a c i l i t i e s  

i s  presented i n  a foPPowing s e c t i o n  of t he  r e p o r t ,  
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Eleven new s t a f f  members repor ted  f o r  duty during 1959. Their  

r epo r t ing  da t e s  a r e  a s  fol1ows: 

S. Mi l l e r ,  Clerk-Stenographer 
W. F r a s i e r ,  i hg r i cu l tu ra l  Engineer 
J. Reginato, S o i l  S c i e n t i s t  
J, F r a s i e r ,  Phys ica l  Science Technician 
C, Klapper, Operations & Maintenance Supervisor  
A, Johnson, Clerk-Stenographer 
M. Sckreyer,  Clerk-Stenographer 
E, De La Rosa, J a n i t o r  
V. Figueroa, Laborer 
S . Nakayama, Chemist 
Bouwer, A g r i c u l t u r a l  Engineer 

Progress  i n  t h e  design and procurement o r  cons t ruc t ion  of 

s p e c i a l i z e d  r e sea rch  equipment has  been good and i s  descr ibed  i n  t h e  

r e p o r t  s e c t i o n  e n t i t l e d  "P ro jec t  Devel~pment." Development of formal 

experimental out l . iaes  i s  now p o s s i b l e  and i s  under way and by 

March 1, 1961, a1.1, research conducted by Laboratory s t a f f  members 

w i l l  be  descr ibed  and documented by such o u t l i n e s .  
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Southwest Water Conservation Laboratory 

The Laboratory proper cons i s t s  of seven i n s t a l l a t i o n s  a s  follows: 

(1) Main Laboratory Building: contains about 11,000 square f e e t  of 
highly spec ia l i zed  work space which i s  described on following 
pages, 

(2) Machine Shop and Storage Shed: a galvanized metal bui ld ing which 
provides 1,800 square f e e t  of open work area  under roof 
and 900 square f e e t  of heated and cooled enclosed space f o r  
rough shop work and equipment s torage ,  

(3) Processing and Storage Building: a concrete block bui ld ing which 
provides 960 square f e e t  of open work a rea  under roof and 
960 square f e e t  of enclosed space divided i n t o  three  rooms; 
one s torage  room, one general  work room, and the  lysimeter  
instrument room, 

(4) Lath House: an aluminum and redwood s l a t  s t r u c t u r e  which provides 
600 square f e e t  of shaded p lan t  growing area ,  

(5) Greenhouse: provides 1,700 square f e e t  of p l a n t  growing space 
which can be heated o r  cooled a s  necessary, 

(6) Hydraulic Test Slab: a 40 by 100 foo t  concrete s l a b  which has a 
r e c i r c u l a t i n g  system including two low l i f t  pumps and one 
c e n t r i f u g a l  pump with a combined discharge of 6,750 gal lons  
per  minute and four 1,500 cubic foo t  s to rage  tanks i n t e r -  
connected by underground pipe l i n e s ,  These can be  used as  
two independent r e c i r c u l a t i n g  systems i f  des i red ,  

(7) Lysimeter I n s t a l l a t i o n :  t h i s  system w i l l  c o n s i s t  of three  tanks, 
each 1 meter square and 1,6 meters deep, with porous tens ion 
p l a t e s  i n  the  tank bottoms t o  permit ad jus t ing  s o i l  moisture 
condit ions wi th in  the tanks t o  equal condit ions i n  the  s o i l  
surrounding t h e  tanks, The e lec t ron ic  weighing sys tem w i l l  
record weight changes of 10 grams i n  a s o i l  mass of 2400 
kilograms, Weight change s igna l s ,  together  with s igna l s  from 
instruments measuring s o i l  and cl imate phenomena, w i l l  be  
t ransmit ted  by cable  t o  an instrument room where they w i l l  
be recorded on punched tape,  The tape w i l l  then be run 
through a tape-to-card converter  t o  prepare punched cards 
ready f o r  use  i n  automatic computing machines, 

Annual Report of the U.S. Water Conservation Laboratory



Entrance 

FLOOR PUN OF MAIN LABORATORY BUILDING 

Southwest Water Conservation Laboratory 

Tempe, Arizona 
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SOUTHWEST WATER CONSERVATION LABORBTORY 3/1/60 

MAIN LABORATORY BUILDING 

The main l abo ra to ry  bu i ld ing  con ta ins  about 11,000 square f e e t  of 
a i r -condi t ioned  space. The purpose of t h e  d i f f e r e n t  rooms i n  t h e  main 
bu i ld ing  i s  a s  fol lows:  

Room 101 - Cen t ra l  s tenographic  and records  o f f i c e ,  

102 - S e c r e t a r i a l  o f f i c e ,  

103 - Off i ce  supply s to rage .  

104 - F i r e  r e s i s t a n t  v a u l t  f o r  records  and d a t a  s torage ,  

105 - Off i ce  of t h e  Di rec to r ,  

106 - Bookkeeping and personnel  o f f i c e ,  

107 - Duplicat ing and d r a f t i n g ,  

108 - Cen t ra l  l i b r a r y ,  

110 - Combined o f f  i c e  and E l e c t r i c  Analog Laboratory. 
A v a r i a b l e  r e s i s t a n c e  network analog of 675 nodes, 
arranged i n  27 square  panels  of 25 nodes each, i s  
under c o r x ~ t r u c t i o n  f o r  u se  i n  so lv ing  a wide v a r i e t y  
of d i f f i c u l t  seepage and i n f i l t r a t i o n  problems. 

111 - Research o f f i c e .  

112 - Research o f f i c e .  

113 - Research o f f i c e ,  

114 - Research of f i c e ,  

115 - Soil.  Mechanics and Hydraulics Laboratory. 
This  l abo ra to ry  w i l l  be  equipped f o r  s t u d i e s  u s ing  l a r g e  
models and s o i l  tanks. A r e c i r c u l a t i n g  hydrau l i c  system 
i s  i n s t a l l e d ,  which inc ludes  a 2,250 g a l l o n s  pe r  minute 
low l i f t  pump, a th ree- inch  c e n t r i f u g a l  pump, and fou r  
1,000 cub ic  f o o t  tanks which a r e  in te rconnected  by under- 
ground piping.  Laboratory benches and r e l a t e d  equipment 
fo r  so i l .  mechanics work a r e  a l s o  provided. 

116 - S t o r e  room, 

11.7 - Photographic process ing  room, 

Annual Report of the U.S. Water Conservation Laboratory



118 - E l e c t r o n i c  Instruments  Laboratory, 
This  l abo ra to ry  w i l l  be  equipped f o r  t h e  development 
and cons t ruc t ion  of experimental  e l e c t r i c a l  devices  
f o r  u se  i n  both  l abo ra to ry  and f i e l d  research .  

119 - Ladies '  r e s t  room, 

120 - Men" r e s t  room, 

121 - J a n i t o r ' s  s u p p l i e s ,  

122 - Cen t ra l  a i r  condi t ion ing  system, power, and gene ra l  machinery. 

123 - Counting room. 
This  room w i l l  b e  equipped wi th  h igh ly  s e n s i t i v e  and 
accu ra t e  equipment f q r  d e t e c t i n g  r a d i a t i o n  from radio-  
a c t i v e  m a t e r i a l s  used a s  t r a c e r s  i n  s t u d i e s  of t he  
movement of water .  

124 - Storage  room. 

125 - S e c r e t a r i a l  o f f i c e ,  

126 - Research o f f i c e ,  

127 - Physics Laboratory,  
This  l abo ra to ry  i s  equipped t o  conduct r e sea rch  on t h e  
phys ics  and thermodynamics of c l ima te  f a c t o r s  which 
govern evapora t ion  and t r a n s p i r a t i o n ,  This labora tory  
w i l l  a l s o  be used t o  develop devices  u s ing  r a d i o a c t i v e  
m a t e r i a l s  f o r  measuring s o i l  moisture content  and s o i l  
d e n s i t y  . 

128 - Storage  room, 

129 - Chemistry Laboratory. 
A p o r t i o n  of t h i s  l abo ra to ry  w i l l  b e  devoted t o  t h e  use  
of t r a c e r  m a t e r i a l s  i n  s tudying t h e  movement of water  
through s o i l s  and p l a n t s ,  The l abo ra to ry  w i l l  a l s o  
conduct r o u t i n e  s o i l  chemistry and s a l i n i t y  work a-nd 
w i l l  perform chemical ana lyses  s f  experimental  
m a t e r i a l s  and compounds, 

130 - Research o f f i c e ,  

131 - Research o f f i c e .  

132 - Research o f f i c e .  

133 - Research o f f  i c e .  
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134 - Physics Laboratory. 
This laboratory w i l l  be equipped to  conduct research 
on the  movement of water i n  the l iqu id  and vapor s t a t e s  
i n  connection with invest igat ions  of evaporation, 
i n f i l t r a t i o n  and seepage, 

135 - Storage room. 

136 - Service Laboratory, 
This laboratory w i l l  be equipped t o  carry out routine 
physical  and chemical t es t ing  of experimental materials ,  

137 - Research of f ice ,  

138 - Maintenance and operations off ice .  

139 - Storage room. 

140 - Grinding and sieving room, 
This room i s  equipped with an exhaust hood and w i l l  be 
used f o r  operations which c rea te  dust, such as  grinding 
and sieving of s o i l  and plant  mater ia ls ,  

141 - General receiving and handling room. 

142 - Precision Shop, 
This room i s  equipped with a d r i l l  press, a lathe,  and 
other  equipment required f o r  the construction of ex- 
perimental devices. 

144 - Machinery and duct room f o r  the  Climate Laboratory. 

145 - Controlled Climate Laboratory, 
This laboratory provides temperature control  from 40 to  
105 degrees Fahrenheit and r e l a t i v e  humidity control  
fsom 5 t o  95 percent. The l igh t ing  system w i l l  provide 
a minimum of 3,500 foot  candles and I s  equipped with a 
dimming c i r c u i t  t o  permit programing various l i gh t  
i n t ens i t y  schedules. 

146 - Controlled Temperature Laboratory. 
This i s  e s sen t i a l l y  a physics laboratory which provides 
control led temperatures between 68 and 104 degrees 
Fahrenheit and w i l l  be used fo r  experiments i n  which the  
laboratory temperature must be ca re fu l ly  controlled, or  
i n  which i t  i s  des i rable  t o  vary the  laboratory temperature. 

147 - Controlled Temperature Laboratory. 
Essen t ia l ly  the same as Room 146, except tha t  the 
temperature range i s  from 50 t o  96 degrees Fahrenheit. 
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148 - Controlled Temperature Laboratory, 
Essen t ia l ly  the  same as Room 146, except t ha t  the 
temperature range i s  from 28 t o  68 degrees Fahrenheit. 

149 - Radioisotope Laboratory. 
This laboratory w i l l  be used f o r  the preparation and 
handling of radioact ive  t racgr  mater ia ls  and i s  designed 
t o  permit s a f e  handling of these materials .  These design 
fea tu res  include a spec ia l  f l o o r  covering, s t a i n l e s s  
s t e e l  f u rn i t u r e  tops, a spec ia l  radioisotope hood, a 
s ink which dra ins  i n t o  a carboy ins tead of the  main 
sewer system, and a spec ia l  a i r  exhaust system to  prevent 
a i r  from t h i s  laboratory entering any other  p a r t  of the  
main laboratory building,  
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PROJECT DEVELOPMENT 

F a c i l i t i e s  and equipment development has  progressed s u f f i c i e n t l y  

t o  permit explora tory  r e sea rch  and t h e  i n i t i a t i o n  of planning f o r  

s p e c i f i c  r e sea rch  p r o j e c t s ,  P ro j ec t  development progress  t o  d a t e  i s  

a s  fol lows:  

Ca l ib ra t ion  of Pipe-Cap O r i f i c e s  f o r  Measuring Pump Discharge: 

P ipe l ines  on t h e  hydrau l i c  t e s t i n g  s l a b  have been modified t o  

permit  t e s t i n g  and c a l i b r a t i o n  of pipe-cap o r i f i c e s  f o r  8, 10, and 1 2  

inch  diameter p ipe  l i n e s ,  Despi te  t h e  r e l a t i v e l y  f requent  u s e  of t h e s e  

o r i f i c e s  t o  measure pump d ischarge  t h e i r  accuracy i s  o f t e n  ques t ionable ,  

The Agricul tural .  Engineering Department of t h e  Univers i ty  of Arizona 

had used pipe-cap o r i f i c e s  during t h e  summer of 1959 t o  eva lua t e  w e l l  

and pump performance and wished t o  c a l i b r a t e  them wi th  t h e  v e n t u r i  

meters a v a i l a b l e  i n  t he  t e s t i n g  s l ab .  Prel iminary runs have been made 

and c a l i b r a t i o n  of t h e  Un ive r s i t y  of Arizona o r i f i c e s  should be  com- 

p l e t e d  by June 1, 1960. Spa r l ing  meters a r e  be ing  checked during t h e  

same runs,  

Plans a r e  be ing  developed t o  expand t h e  pipe-cap o r i f i c e  c a l i b r a t i o n  

i n t o :  (1) an i n v e s t i g a t i o n  of t h e  f a c t o r s  which reduce t h e  accuracy of 

t t h e s e  o r i f i c e s ,  and (2) t h e  development of devices  and procedures t o  

improve t h e  accuracy and r e l i a b i l i t y  of pipe-cap o r i f i c e s .  

Personnel:  L. E, Myers, G .  W. F r a s i e r ,  and W. G. Matlock, Univers i ty  

of Arizona. 
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E l e c t r i c a l  Resistance Network Analoq: 

The r e s i s t a n c e  network analog presant ly  under cons t ruct ion  

a t  the  Southwest Water Conservation Laboratory w i l l  have an u l t ima te  

capacity of 675 nodes, arranged i n  27 square panels of 25 nodes each, 

The analog i s  approximately 15 f e e t  long, two of the  pane1 rows a r e  

mounted v e r t i c a l l y ,  the  t h i r d  row i s  mounted hor izon ta l ly  a s  an in-  

c l ined  t ab le ,  Using t ransverse  wiring, a v a r i e t y  of sys tem dimensions, 

including square and rec tangular  systems with considerable length t o  

width r a t i o s ,  can b e  obtained, 

The r e s i s t o r s  (Ohmite potentiometers) w i l l  be mounted on 2-inch 

round disks ,  To insure  good e l e c t r i c a l  contac t  and easy interchange- 

a b i l i t y ,  jacks ( i n  t h e  d isks)  and bananaplugs (on the  panels)  w i l l  be 

used, Each mounted r e s i s t o r  w i l l  be equipped with a d i a l  p l a t e  and a 

f l u t e d  knob f o r  individual  ca l ib ra t ion .  This w i l l  e l iminate  the  need 

f o r  disconnecting r e s i s t o r s  and the  use of a Wheatshane br idge  i n  

s e t t i n g  des i red  r e s i s t a n c e s  on the  board, which should considerably 

speed up the  opera t ion  of the  network f o r  obtaining i t e r a t i v e  so lu t ions  

of problems involving unsaturated flow. 

Various r e s i s t o r  capac i t i e s  w i l l  be obtained so t h a t  a considerable 

range i n  vakues w i l l  be ava i l ab le  f o r  graded networks and/or p a r t i a l l y  

unsaturated flow systems. The network w i l l  be surrounded on two s ides  

(one long and shor t  s ide )  with "feed-in" o r  "take-out" s t r i p s  f o r  

s imulat ing uniform r a t e s  of moisture supply ( r a i n f a l l )  o r  moisture with- 

drawal (consumptive use, evaporation), respect ive ly .  Other major 

instrumentat ion wYPP include a D6 power supply with a high output 
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s t a b i l i t y ,  c u r r e n t  meters ,  and a h igh  input  impedance vacuum-tube- 

vol tmeter  wi th  d i g i t a l  read-out t o  e l imina te  inaccuracy and ope ra to r  

f a t i g u e  during long per iods  of continuous measurement. 

The completed network analog w i l l  be  a  h igh ly  v e r s a t i l e  t o o l  i n  

water management research .  The f i r s t  p r o j e c t  planned f o r  t h e  network 

i s  an eva lua t ion  of t h e  e f f e c t  of system geometry, boundary condi t ions ,  

and unsa tura ted  conduc t iv i ty  c h a r a c t e r i s t i c s  of t h e  s o i l  on cana l  

seepage and t h e  seepage d i s t r i b u t i o n  w i t h i n  the  cana l .  

Personnel:  K, Bouwes 

Radioact ive Tracer  S tud ie s :  

One of t h e  primary aims of t h e  i n v e s t i g a t i o n s  i n  s o i l - p l a n t -  

water  r e l a t i o n s h i p s  is  t h e  s tudy  of t h e  r a t e  of water  uptake by 

p l a n t  r o o t s  from s o i l s  which a r e  sub jec t ed  t o  d i f f e r e n t  mois ture  

p s r e n t i a l s .  Emphasis w i l l  be placed upon t h e  u t i l i z a t i o n  of t r i t i u m  

a s  a  t r a c e r  f o r  water  i n  t h e s e  inves t iga t ions .  It i s  a n t i c i p a t e d  

t h a t  m u l t i p l e  t r a c e r  and au toradiographic  techniqueq w i l l  be  app l i ed  

i n  c e r t a i n  phases of t h e  study. Greenhouse and f i e l d  experiments w i l l  

be  u t i l i z e d  t o  determine mois ture  and n u t r i e n t  removal p a t t e r n s  by 

r o o t s  and r e l a t e  t h e s e  t o  t h e  growth and a c t i v i t y  of t h e  r o o t s ,  

Spec ia l  gas  counting chambers have been f a b r i c a t e d  and rad io-  

i so tope  measuring ins t ruments  have been ordered which a r e  compatible 

wi th  o t h e r  equipment on hand. 'When t h e  components a r e  assembled, i t  

w i l l  be  p o s s i b l e  go measure t h e  a c t i v i t y  of s o l i d ,  l i q u i d  and gas 
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samples of high and low decay energies a t  low leve l s  of a c t i v i t i e s .  

Personnel s a f e t y  equipment such as  gloved boxes and monitoring equip- 

ment have been acquired and modificat ions i n  t h e  physical  p lan t  have 

been planned t o  meet t h e  b a s i c  h e a l t h  physics requirements. 

A program has been undertaken t o  acquaint  the  labora tory  

technicians i n  methods of physical  and chemical analyses of s o i l s ,  

p l an t s  and water which w i l l  be employed i n  the  over -a l l  program of 

the  Laboratory. Analyt ica l  equipment and procedures a r e  being 

checked and methods se lec ted  f o r  f u t u r e  use. 

Personnel: F. S. Nakayama 

Lysimeter Construction: 

Lysimeter design was completed ea r ly  i n  1959 following discussion 

with various a u t h o r i t i e s  and poss ib le  supp l i e r s ,  The f i n a l  design 

c a l l s  f o r  s t e e l  tanks, 1 x 1 x 1.5 meters, f u l l y  enclosed by an ou te r  

jacket ,  The weighing mechanism, based upon use of f l exure  p ivots  and 

a s t r a i n  gage Load c e l l ,  i s  e n t i r e l y  underground except 2or an access 

por t  f o r  counterweights. S e n s i t i v i t y  of t h e  recording mechanism i s  

t o  be 10 grams and accuracy i n  weighing w i l l  be  50 grams. Automatic 

weighing range is  50 kg and t o t a l  weight about 2700 kg. S e n s i t i v i t y  

corresponds t o  0,01 mrn water (,0004 inch) ,  

The const ruct ion  con t rac t  was awarded on June 29 t o  Bytrex 

Corporation i n  Boston, Massachusetts, f o r  th ree  lysimeters  and an 

e lec t ron ic ,  remote weighPng f a c i l i t y .  Weights w i l l  be  p r in ted  a t  

r egu la r  intervals on punched paper tape together  with o the r  
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p e r t i n e n t  information.  Shop drawings t o r  the  lys imeters  were 

completed and approved i n  November 1959 and t h e  u n i t s  a r e  being 

assembled f o r  f a c t o r y  t e s t i n g  i n  March 1960. 

Model t e s t s  of t h e  proposed method f o r  f i l l i n g  and dra in ing  of 

t h e  Zysimeters were succes s fu l ly  conducted during J u l y  and August of 

1959. Based upon t h e s e  t e s t s ,  t h e  s o i l  column w i l l  b e  supported by a 

ha l f - inch  l a y e r  of f i r e  b r i c k  o v e r l a i n  by a  l a y e r  of 50 micron g l a s s  

beads. A s u i t a b l e  p a r t i a l  vacuum w i l l  b e  maintained i n  t h e  a i r - f i l l e d  

pores of the f i r e  b r i c k .  

Extensive de termina t ions  were made of t h e  p a r t i c l e  s i z e  

d i s t r i b u t i o n  of t h e  s o i l  of t he  l y s i m e ~ e r  s i t e  t o  a  depth of 6  f e e t .  

Addi t iona l  ana lyses  a r e  planned pending es tab l i shment  of equipment 

and procedures.  S tud ie s  were a l s o  made of hydrau l i c  g r a d i e n t s  during 

moisture r e d i s t r i b u t i o n  a f t e r  i r r i g a t i o n ,  

The e n t i r e  s i t e  has  been l eve l ed  t o  w i th in  0.01 f o o t  and provided 

wi th  d ikes  and f looding  ga t e s .  A p r o t e c t i v e  climb-proof fence  

surrounding the  s i t e  w i l l  be  completed i n  March 1960. Construct ion 

of foot ings ,  condui t s  and o t h e r  s e r v i c e s  w i l l  b e  completed by 

A p r i l  1, 1960. A s p e c i a l  room i n  Building No. 2 f o r  t h e  d a t a  

co l . lec t ing  system was remodeled and provided wi th  a i r  condi t ion ing  

during December 1959. This  room i s  about 300 f e e t  from t h e  lys imeter  

l oca t ion ,  Barr ing complicat ions,  t he  lys imeters  should be i n  opera t ion  

f o r  t h e  1960 season,  

Personnel:  6 .  B. M, van Bavel and R, 9. Reginato 
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Microme~eorologica l  S tud ie s :  

The major development i n  t h i s  a r e a  has been t h e  des ign  of an 

automatic  d a t a  handl ing system. This system w i l l  program and measure 

t h e  output  of a l a r g e  number of instruments  of d i f f e r e n t  k inds ,  It 

w i l l  a l s o  p r i n t  r e s u l t s  on punched t ape  and/or an automatic  t ypewr i t e r ,  

With very few except ions,  no c h a r t s ,  d a t a  books o r  w r i t t e n  notes  w i l l  

be  requi red ,  The t ape  can be p r i n t e d  ou t  i n  t a b u l a r  form on an 

automatic  t ypewr i t e r  f o r  quick inspec t ion .  Visual  d i s p l a y  of da ta ,  

while  being c o l l e c t e d ,  w i l l  a l s o  t ake  p lace .  However, t h e  main burden 

of d a t a  eva lua t ion  w i l l  be  on XBM cards  produced from t h e  tapes .  A 

tape-t-o-card conve r t e r  t o  accommodate f u t u r e  p r o j e c t  requirements has 

been added t o  t h e  f a c i l i t i e s  of t h e  Numerical Analysis  Laboratory of 

t h e  Univers i ty  of Arizona a t  Tucson. It i s  expected t h a t  a n a l y s i s  

of d a t a  by automatic  computer w i l l  be  c a r r i e d  ou t  under a coopera t ive  

arrangement a t  t h i s  i n s t i t u t i o n .  

The v a r i a b l e s  t o  be  recorded and analyzed include:  n e t  r a d i a t i o n ,  

s h o r t  wave r a d i a t i o n ,  wind d i r e c t i o n ,  wind speed, a i r  temperature (absoh 

l u t e  and d i f f e r e n t i a l ) ,  a i r  humidity, s o i l  h e a t  f l ux ,  and s o i l  temperature.  

Research on p o s s i b l e  s o l u t i o n s  and a v a i l a b l e  equipment was 

concluded i n  January 1960 and s p e c i f i c a t i o n s  f o r  compet i t ive  b ids  

were developed, Bid w i l l  be  awarded on March 15, 1960. The d a t a  

handl ing system a s  s p e c i f i e d  can accommodate about 40 channels a t  a 

r a t e  of 1 per  second and w i l l  r ecord  d a t a  "wordst1 of 4 d i g i t s  p lus  

symbols t o  i d e n t i f y  t h e  channel,  t ime of day, e t c .  It w i l l  b e  l oca t ed  

i n  t h e  same room a s  t h e  ly s ime te r  c o n t r o l  console ,  
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Studies have been made of the  b e s t  way t o  measure the  moisture 

content  s f  a i r .  An in f ra red  absorption method i s  under study, so f a r  

with discouraging r e s u l t s .  An e l e c t r o l y t i c  hygrometer method w i l l  

a l s o  be  given a thorough examination, 

Much preliminary work needs t o  be done and many problems w i l l  

a r i s e .  Since a 6 months de l ive ry  on the  data  logger i s  an t i c ipa ted  

t h e r e  w i l l  be  time t o  complete a  s u b s t a n t i a l  p a r t  of t h e  necessary 

preparatory s t u d i e s ,  

Personnel: C, H. M, van Bavel 

Chemical Compounds f o r  Rbdueing I n f i l t r a t i o n  and Seepage: 

Exploratory t e s t s  have been made of chemical compounds which 

were thought t o  have p o s s i b i l i t i e s  f o r  reducing o r  s topping the  mwe- 

ment of water i n t o  o r  through s o i l s ,  The t e s t s  appear promising and 

a f u l l - s c a l e  p ro jec t  i s  being developed t o  inves t iga te  the  use of these  

mater ia ls  f o r  reducing seepage losses  from ponds and d i t ches  and f o r  

increas ing runoff from r a i n f a l l  catchment areas  f o r  stockponds. 

A number of compounds a r e  under considerat ion,  including: 

(1) m e t a l l i c  soaps, m e t a l l i c  s a l t s  and s i l i c o n e s  which a r e  water 

r epe l l an t ,  (2) sodium compounds which d i spe r se  s o i l  c l ay  f r a c t i o n s  

t o  s e a l  s o i i  pores, and (3) new emuls i f ie rs  which may increase  the  

ef fec t iveness  of sea l ing  mate r i a l s  such as  asphal t .  A preliminary 

laboratory t e s t  of a sodium soap applied d i r e c t l y  t o  t h e  surface  of a  

sandy s o i l  completely stopped i n f i l t r a t i o n  a t  an app l i ca t ion  r a t e  which 

would cos t  l e s s  than one cent  per  square yard f o r  mater ia ls .  
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Laboratory t e s t i n g  procedures have been designed and p lans  f o r  

f i e l d  r e s t s  are befng developed, Pt i s  expected t h a t  during t h e  

sumex: of 1960, f i e l d  t e s t s  a t  t h r e e  I .scat ions i n  Nevada and Arizona 

w i l l  b e  e s t a b l i s h e d  on r a i n f a l l  catchment a r eas .  Seepage r educ t ion  

t e s t s  w i l l  be es tab l . i shed  a t  two l o c a t i o n s  i n  Arizona. 

Personnel.: La E. Myers and G o  W, F r a s i e r  

T i l t i n g  Flume-for Water Measurement S tudies :  - 
Construct ion of a small  t i l t i n g  flume i n  t h e  S o i l  Mechanics and 

Hydraulics Laboratory has been i n i t i a t e d ,  This i s  e s s e n t i a l l y  an 

a d j u s t a b l e  s t e e l  frame t o  suppor t  flumes o r  model d i t c h  secc ions  of 

va r ious  shapes and dimensions up r s  4 f e e t  wide, 3 f e e t  deep, and 

35 f e e t  long, Slopes from zero  t o  1.0 percent  can b e  a t t a i n e d .  

Maxi,mum flow capac i ty  w i l l  b e  5 c f s ,  Present  p lans  a r e  f o r  t h e  

flume to be  used i n i t i a l . l y  i n  t h e  development of a simple, p o r t a b l e  

flow s a t e  measuring device  f o r  farm i r r i g a t i o n  d i t ches .  Prel iminary 

designs f o r  rho measuring device  have 'been prepared. 

Personnel:  %, E, Myers and G ,  W, F r a s i e r  

Pre3.iminary i n v e s t i g a t i o n s  of evaporat ion suppression methods 

f o r  small  ponds were begun i n  1959, Low-coat r a f t s  f o r  applying 

hexadeeanol were d e s ~ g n e d  and eonsr ruc ted  and were placed i n  one pond 

i n  Revsda and t h r e e  ponds i n  Arizona, The Nevada s i t e  is opera ted  by 
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Bureau of Land Management personnel  and t h e  Arizona s i t e s  a r e  opera ted  

by Watershed Technology Research Branch personnel  of t h e  A g r i c u l t u r a l  

Research Service.  Dupl ica te  un t r ea t ed  s i t e s  were observed and t h e  

Arizona s i t e s  were instrumented wi th  water  s t a g e  r eco rde r s  and r a i n  

gages. S u f f i c i e n t  d a t a  f o r  r e l i a b l e  i n t e rp re t i a t i on  were n o t  ob ta ined  

due t o  our  i n a b i l i t y  t o  devote an adequate amount of t ime t o  t h i s  

p r o j e c t .  Information was obta ined  which w i l l  be  of g r e a t  va lue  i n  

developing f i n a l  p lans  f o r  t h e  p r o j e c t .  For example, t h e  a p p l i c a t i o n  

r a f t s  performed very w e l l  except  f o r  a minor s t r u c t u r a l  d e f e c t  which 

has now been cor rec ted .  

Plans f o r  1960 include:  t h e  assignment of a d d i t i o n a l  personnel  

t o  t he  p r o j e c t ,  expansion i n  number of s i t e s ,  a d d i t i o n a l  ins t rumenta t ion  

inc luding  s o l a r  r a d i a t i o n  measurements, eva lua t ion  of f i l m  coverage 

obtained wi th  r a f t s ,  and cons ide ra t ion  of a l t e r n a t e  methods of applying 

evaporat ion suppress ing  f i lms .  

Personnel: L, E .  Myers and G. W. F r a s i e r  
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NUMBER: 

PERSONNEL: - 
DATE OF INITIATION: 

DURATION : 

OBJECTIVES : 

Use of neutron s c a t t e r i n g  method t o  determine mois ture  
con ten t  of s o i l ,  

@ ,  K. M, van Bavel, L. E r i e  (coopera t ing)  

January 1, 1960 

3 yea r s  

To improve and eva lua t e  equipment and procedures t o  
measure mois ture  content  of s o i l  wi th  t h e  neutron 
s c a t t e r i n g  method. 

NEED FOR STUDY: 

Present  equipment and procedures f o r  measuring s o i l  mois ture  wi th  

t h e  neutron s c a t t e r i n g  method s u f f e r s  from s e v e r a l  d e f i c i e n c i e s .  Most 

no tab le  a r e  t h e  weight, complexity,  and maintenance problems a s s o c i a t e d  wi th  

a v a i l a b l e  equipment, Another s e r i o u s  problem i s  t h e  present  u n c e r t a i n t y  

regard ing  t h e  c a l i b r a t i o n ;  whether d i f f e r e n t  s o i l s  r e q u i r e  d i f f e r e n t  c a l i -  

b ra r ions  and what f a c t o r s  e n t e r  i n t o  t h i s  ques t ion .  I f  more o r  l e s s  

i nd iv idua l  c a l i b r a t i o n s  a r e  requi red ,  a  method f o r  ob ta in ing  such informa- 

t i o n  should be  worked o u t ,  Improvement i n  e f f i c i e n c y  of neutron counting 

i s  a l s o  d e s i r a b l e  s o  a s  t o  reduce t h e  r equ i r ed  source s t r e n g t h  and t o  

diminish exposure and s h i e l d i n g  requirements .  

Solu t ion  of t h e s e  problems w i l l  enhance the  genera l  and economic 

a p p l i c a b i l i t y  of t h e  method t o  research  and management. 

PROCEDURE : 

Note: For 1959 t h i s  r e p o r t  i s  concerned only wi th  a  f i e l d  eva lua t ion  

of t h e  p re sen t  method i n  a  t y p i c a l  i r r i g a t i o n  management 

experiment,  Other phases of t h i s  p r o j e c t  a r e  j u s t  underway 

and w i l l  be  r epo r t ed  i n  coming years .  
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O f  the  s e v e r a l  water  management t rea tments  i n  a  c o t t o n  i r r i g a t i o n  

experiment on t h e  Cotton Research Center,  two were s e l e c t e d  f o r  t h e  p re sen t  

purpose. Treatment 3  c o n s i s t s  of i r r i g a t i n g  by t h e  ca lendar :  on June 15, 

J u l y  15, August 15, and September 9 .  Treatment 4 c o n s i s t s  of i r r i g a t i n g  

when 70 pe r  c e n t  of the  a v a i l a b l e  s o i l  mois ture  i n  t h e  s u r f a c e  3 f e e t  has  

d i sappeared ,  The proper  t ime i s  judged from r e p e t i t i v e  g rav ime t r i c  mois ture  

samplings,  

Of each t rea tment ,  two r e p l i c a t i o n s ,  each f o u r  rows wide, wer; s e l e c t e d  

and two aluminum, 2-inch OD access  tubes were i n s t a l l e d  on ~ p r i l  20, 1960 

i n  each p l o t ,  

The land was plowed on January 8-10, 1960 and i r r i g a t e d  March 15-23, 

1960. Cotton was p l an t ed  A p r i l  8-10, 1960, 

Development of t h e  c o t t o n  on Treatment 3  was a s  fo l lows:  

A p r i l  30 
May 14 
May 29 
June 1.9 
June 25 
J u l y  9 
J u l y  23 
August. 10 

2 inches  high 
6 inches high 
8 inches  h igh  

11 inches  high 
26 inches  high and f lower ing  
31  inches  high and f lower ing  
36 inches h igh  

B o l l s  opening 

Measurements were made wi th  a  2  mc neut ron  probe (Troxler  E l e c t r i c a l  

Laboratory) and a  porzable  s c a l e r  (Nuclear-Chicago) a t  a  depth of 1 t o  

5 ,5  f e e t ,  every 0 , 5  f o o t ,  P r i o r  and a f t e r  each s e t  of read ings  i n  an access  

tube a  s tandard  count was taken ,  With t h e  a i d  of a  c a l i b r a t i o n  curve each 

count r a t i o  was reduced t o  mois ture  con ten t  a s  volume f r a c t i o n  and these  

f i g u r e s  were averaged f o s  each p l o t .  

The volume f r a c t i o n  d a t a  were a l s o  converted t o  inches  of water  by 
i 

mul t ip ly ing  w i t h  6 ,  
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Measuremenrs were taken e v e r y  week b u t  postponed 3 o r  4 days i f  

i r r i g a t i o n  had j u s t  been a p p l i e d ,  

An example of a  t y p i c a l  d a t a  r e d u c t i o n  s h e e t  i s  appended. 

RESULTS: 

No d i f f i c u l t y  was exper ienced  w i t h  t h e  n e u t r o n  equipment.  S tandard  

c o u n t s  were v e r y  un i fo rm throughout  t h e  season  w i t h o u t  t h e  b e n e f i t  of 

any s c a l e r  a d j u s t m e n t .  

About 4 hours  were r e q u i r e d  t o  o b t a i n  t h e  80 r e a d i n g s  t h a t  were 

made approx imate ly  once a  week, Th is  i n c l u d e d  g e t t i n g  equipment o u t  and 

t o  t h e  f i e l d ,  s e t t i n g  up, s t a n d a r d i z i n g ,  and p u t t i n g  equipment away. 

A l l  work was done by one o p e r a t o r  who r e c e i v e d  an  accumulated dosage 

of abou t  60 m r  on c h e s t  and 90 m r  on a n k l e  f o r  t h e  e n t i r e  season  - about  

100 working hours  w i t h  exposure .  

Ne.utron probe c o u n t s  were c o n v e r t e d  t o  r a t i o  t o  s t a n d a r d  and t h e n  

t o  m o i s t u r e  c o n t e n t  a s  volume f r a c t i o n  u s i n g  t h e  c a l i b r a t i o n  c u r v e  shown 

i n  F i g u r e  1, Approximately,  t h i s  c u r v e  can  be  r e p r e s e n t e d  by 

Mv 
= .732 R - .031 

i n  which : 

Mv = m o i s t u r e  c o n t e n t  a s  volume f r a c t i o n  

R = observed coun t  d i v i d e d  by s t a n d a r d  coun t  

Th is  r e l a t i o n  a p p l i e s  f o r  t h e  s t a n d a r d  b u c k e t  s t a n d i n g  on t h e  ground. 

For l a t e r  and more a c c u r a t e  work t h e  s t a n d a r d  i s  r a i s e d  a t  l e a s t  6 i n c h e s  

from t h e  s u r f  a c e ,  

Mois tu re  c o n t e n t  v e r s u s  d a t e  i n  Treatment  3  a t  d e p t h s  of 1, 2, 3, 

4, and 5 f e e t  i s  shown i n  F i g u r e  2 ,  T o t a l  m o i s t u r e  i n  t h e  s o i l  i n  i n c h e s  
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versus  d a t e  i n  Treatment 3  i s  given i n  F igure  3  f o r  t h e  s o i l  l aye r s  

between 9  inches and 21, 33, 45, 57, and 69 inches r e s p e c t i v e l y ,  Rain 

and i r r i g a t i o n  a r e  a l s o  ind ica t ed .  

' 
Simi lar  p re sen ta t ions  f o r  Treatment 4  a r e  given i n  F igures  4  and 5, 

r e s p e c t i v e l y ,  
i 

The d a t a  were used t o  compute t h e  changes i n  water  conten t  of t he  

r o o t  zone. Since neutron measurements cannot be  made very  r e l i a b l y  above 

a  probe depth of 12 inches,  changes i n  mois ture  con ten t  were r e l i a b l y  

known only from a  9 r inch  depth on downward. During t h e  per iod  A p r i l  30 

through May 10 t h e  depth cha rac t e r i zed  was 9-45 inches ;  from May 18 t o  

June 17 it was 9-57 inches;  from June 23 t o  November 20 i t  was 9-69 

inches.  This was based upon in spec t ion  of F igure  2  b u t  i t  must be ad- 

mi t t ed  t h a t  t h i s  i s  a  rough guess ,  

Moisture l o s ses  were p ro ra t ed  t o  r ep re sen t  t h e  p r o f i l e  from the  

su r f ace  on down and were ex t r apo la t ed  ( a f t e r  a d d i t i o n  of any r a i n f a l l )  

up to ,  o r  from t h e  d a t e  of i r r i g a t i o n  a s  t he  case  might be.  The amount 

of i r r i g a t i o n  water  app l i ed  was n o t  known. 

Calcu la t ion ,  t o t a l  seasonal,  and per iod  d a i l y  va lues  f o r  es t imated  

evapo t r ansp i r a t ion  a r e  shown i n  Table 1. Period d a i l y  va lues  a r e  a l s o  

shown i n  F igure  6. 

DISCUSSION; 

1. There was no d i f f i c u l t y  i n  ob ta in ing  r e l i a b l e  and reproducib le  

d a t a  on s o i l  moisture content  wi th  the  neutron method. Data from dupl i -  

c a t e  s i t e s  and p l o t s  agreed w e l l  w i th in  one ano the r ,  
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2 ,  Examples of succes s ive  s o i l  mois ture  p r o f i l e s  i n  Treatment 4  a r e  

given i n  F igures  7,  8, 9, 10, and 11. These show t h a t  f o r  an app rec i ab l e  

t ime per iod  a f t e r  i r r i g a t i o n ,  mois ture  con ten t s  a r e  w e l l  above t h e  long- 

time equi l ib r ium shown i n  F igure  7 .  How much of t h i s  water  i s  absorbed 

by r o o t s  and how much moves downward beyond t h e  rootzone cannot be d e t e r -  

mined wi th  c e r t a i n t y .  Considerable  e r r o r  may thus be  involved i n  t h e  

evapo t r ansp i r a t i on  e s t i m a t e s .  

3 ,  Figure  4 shows t h a t  h igh  mois ture  con ten t s  p r e v a i l  a t  a lmost  a l l  

times i n  Treatment 3 .  As a r e s u l t  and a l s o  owing t o  t h e  f r equen t  

i r r i g a t i o n  i t  i s  concluded t h a t  no reasonable  e s t ima te s  of evapotrans-  

p i r a t i o n  can be  made i n  t h i s  c a s e .  

4 .  Dai ly  r a t e s  of es t imated  evapo t r ansp i r a t i on  a r e  shown i n  Table  1  

and F igure  6 .  They show a gradua l  r i s e  t o  va lues  around 0 .3  inches pe r  

day dur ing  J u l y  and August and a  d e c l i n e  toward t h e  end of t h e  season.  

Low va lues  a r e  a s s o c i a t e d  wi th  dep le t i on  of s o i l  mois ture  (June 4-10> 

J u l y  9-14, September 1-9) o r  r a i n y  per iods  ( Ju ly  30 - August LO), 
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Table 1. Evapo t r ansp i r a t i on  c a l c u l a t e d  f o r  Treatment 4 - Cotton I r r i g a t i o n  - 
C o ~ t o n  Research Center ,  1959. 

Per iod Days Depth Loss Fac to r  Prora ted  
Rain T o t a l  Daily 

Loss 

>k I n t e r p o l a t e d  
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EXAMPLE OF DATA SHEET 

North 

Standard 10,903 

1 , O  ft, 3.748 

1 , 5  ft. 3,503 

2,O ft. 3,181 

2.5 ft. 3,286 
i 

r~ 3,O ft, 3,339 

3.5 ft, 3,721 

4.0 ft. 3.838 

5.0 ft. 3,893 

Standard 10,613 

Moisture Content Under Cotton 

Cotton Development 36" high 

Last Irrigation 7/15/59 

Time: 0815 By: MacIntyre Plot: T3 R5 

Ratio 

.348 

Mv . South Ratio 

.350 

.350 

.338 

.322 

.342 

0 357 

.36 1 

-37 2 

.378 

Ave . 
Mv . 

22.7 

22.1 

20-6 

20-6 

Inches 

1.36 

1.33 

1.24 

1.24 

1.27 

1,37 

1.39 

1,42 

1.42 

1.60 

Acc . 
Inches 

1,36 

2,69 

3.92 

5,16 

6,43 

7 $81  

9-20 

10.62 -- 
12,04 

13.64 

Ave , Standard 10,7 58 
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f4adurs: c ~ M  - Volume f m ~ . I . i o ~  
Figure  1. Ca l ib ra t ion  of neut ron  meter ( 2  mc Ra Be - Troxler  E l e c t r i c a l  Labora- 

t o r y ) .  Standard placed on s o i l  su r f ace .  
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Figure 2, Moisture content in per cent by volume of soil in cotton irrigation 
experiment at depth indicated, Treatment 3. 

- 27 - 
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Figure 3. Moisture content in Snches in profile layers as indicated in 
cotton irrigation experiment, Treatment 3 ,  

- 28 - 
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Figure  4 ,  Moisture con ten t  i n  per  cen t  by volume of s o i l  i n  co t ton  
irrigation experiment a t  depth ind ica t ed .  Treatment 4. 
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F i g u r e  5 +  Mois tu re  c o n t e n t  i n  i n c h e s  i n  p r o f i l e  l a y e r s  a s  i n d i c a t e d  i n  
c o t t o n  i r r i g a t i o n  exper iment .  Treatment  4 .  
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Figure 6 .  Daily r a t e  of consumptive use  of water by co t ton .  Treatment 3 ,  
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Figure  8. Successive s o i l  mois ture  p r o f i l e  i n  Treatment 3 under 
c o t t o n ,  Crosses i n d i c a t e  " f i e l d  c a p a c i t y ,  " (Apri 1 30 
va lues  . ) 
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Figure  9 .  Successive s o i l  mois ture  p r o f i l e  i n  Treatment 3 under 
co t ton .  Crosses i n d i c a t e  " f i e l d  capac i ty ."  
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Figure  LO. Success ive  s o i l  mois ture  p r o f i l e  i n  Treatment 3 under 
c o t t o n .  Crosses i n d i c a t e  " f i e l d  capac i ty . "  

- 35 - 
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Figure  11. Successive s o i l  mois ture  p r o f i l e  i n  Treatment 3 under 
c o t t o n ,  Crosses i n d i c a t e  " f i e l d  capac i ty . "  
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