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INTRODUCTION

Construction of laboratory buildings was essentially complete at
the time the last annual report was written. Staff members have
continued to devote time to the processes of designing, obtaining bids
and supervising construction of necessary supplemental installations
such as curbing, fencing, an irrigation system, a fire detection and
alarm system, and the modification of various rooms to fit specific
research operations. Although work of this nature is still underway,
the laboratory facilities are now in good operating condition,

The work of the Laboratory has been aided substantially by
cooperation with numerous individuals and agencies, Valuable coopera-
tion has been received from the University of Arizona, Arizona State
University, Salt River Project, Bureau of Reclamation, Bureau of Land
Management, Forest Service, Soil Conservation Service, Maricopa County
Water Congervation District 1, Arizona State Land Department, Bureau
of Indian Affairs, Public Health Service, Nevada State Department of
Natural Resource Conservation, and many others. In short, the
cooperation extended to the Laboratory by other individuals and
agencies could not be better and has provided great encouragement and
incentive to the Laboratory staff. -

The Laboratory staff has been materially strengthened during 1960
by the azddition of thirteen new staff members. Thelr reporting dates

are as follows:

4/11/60 Mr. G.-S. Smith, Agricultural Aid
4/25/60 Mrs., D. S. Fry, Clerk-Stemographer
- 3 -
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5/ 2/60
6/12/60
6/12/60
6/13/60
6/26/60
6/26/60
7/ 6/60
10/ 3/60
10/ 3/60
10/24/60

11/ 9/60

Miss B. A. Rasnick, Physical Science Technician

Mr. C. L.

Mr. R. C.

Dr. L. J.

Dr. R. D.

Dr. W. L.

Mr. K. J.

Mr. E. D.

Jenson, Agricultural Engineer

Rice, Agricultural Engineer

‘Fritschen, Soil Scientist

Jackson, Soil Scientist
Ehrler, Plant Physiologist
Brust, Agricultural Engineer

Bell, Machinist

Mrs. R. C. Berthold, Clerk~-Stencgrapher

Mrs. M. E. Olscn, Clerk-Stenographer

Mr. C. T,

Redman, Agricultural Aid

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 full strength and

facilities are essentially 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.

ol
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TITLE: HEAD ENVIRONMENT OF SEEPAGE METERS IN FLOWING WATER

LINE PROJECT: S§WC cl0-1 - CODE NO.: Ariz.-WCL=&

INTRODUCTION:

Previous studies on the mechanics of the flow of water through
canal bottom material near and under seepage meters have indicated that
smzll head differences between the seepage meter cup intericr and the
cutside canal can cause appreciable flow rates (leakage flow) into or
out of the cup, which are independent of the seepage rate. These £low
rates are sometimes a source of considerable error in seepage measure-
ment. Such error inducing head differences can result from high and low
pressure areas, adjacent to the cup, caused by distortion of the normal
velocity patterns by the presence of the cup. If such pressure differ-
ences are not self-compensating, the true average local head avound the
seepage meter differs from the head indicated by the free water surface
in the channel. Consequently, the appropriate reference level for seepage
measurement should be the pressure head inside the secepage meter where the
leakage flow is zero. For still water (pomds), this pressure head is
equal to the free water surface. For flowing water, however, the flow
distortion due to the seepage meter causes the zero-leakage flow head to
be slightly below the free water surface. This is due to the fact that
local pressure increases caused by stagnation at the upstream facéiof
the seepage meter cup are dominated by the pressure reductions due to
acceleration at the sides of the cup and separation at the downstream
face., Thus, in flowing water, the free water suxface must be corrected
for veloeity induced pressure deviations before it can serve as the
reference level, i.e. level of zero-leakage flow, for seepage measurement.

-5 -
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The magnitude of this correction was determined by & model study which
is described in the followilng paragraphs.
PROCEDURE:

The experiment was carried out in a horizontal flume 35 feet loung,
19 1/2 inches wide, and 2 feet deep, with a rectangular cross=-section,
The test section comnsisted of a recessed water tight box, 4 feet long
cend 16 inches deep., The box was filled with sand, the surface of the
sand being flush with the channel bottom of the flume,

The experiment wasg conducted in two parts. ’First, the nature of the
pressure distribution in the vicinity of the meter was studleds A model
of the seepage meter was mounted on a metal sheet and placed in the test
section. A total of twenty pressure taps were installed in the sheet
metal representing the channel bottom, and around the circumference of

h

et
]

meter, A twenty-tube manometer was used to measure the pressures.
Tests were made varying the water depth and velocity. The velocity was
measured with an Ott laboratory current meter. Results showed that the
region of pressure reduction around the sides and downstream face of the
cup was larger In size than that of the pressure iIncrease at the upstream
face of the cup (Figure 1). Consequently, the zero~1éakagewf10w head
inside the cup could be expected to be lower than the free water level
.in the canal. .

The second part of the study involved the measurement of the zero
leakage pressure head inside the seepage meter in relation to the free
water surface for a variety of conditioms. Erosion of the sand was pre-
ventéd by solidifying the top half inch of the sand with a plastic resin,
The resin did not materially alter the porous characteristics of the

gand.

- 6 -
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Three seepage meter models of different radii were used. Since the
walls of the box containing the sand were watertight, the water pressure
in the sand was considered equal to the free water surface head. A
piezometer connected to a gravel layer at the bottom of the test section
was therefore employed to obtain the free water surface eleyation. The
zero~leakdge~pressure in the seepage meter was determined as the equilib-
rium pressure without external supply or withdrawal of water to or from

Athe meter. The piezometer for measuring the free water surface elevation
and a tube from a pressure tap on the seepage cup were connected to a
precision manometer capable of measuring a head difference of 0,001 inch,

The following variables were investigated:

1, Velocity of water (V)

2, Depth of water (D)

3. Penetration depth of seepage meter cup (d)

4, Ratio of seepage meter cup radius to channel width (RC/W)

The velocity’was measured 1 1/2 inches from the bottom of the channel
at the upstream edge of the test section.

RESULTS AND DISCUSSION:

The results were expressed in terms of Ah (difference between zero
leakage pressure head and the free water surface) and plotted as a
function of XE (velocity head) for various water depths. An example of

2
such a graph ?s shown in Figure 2, Straight line relationships were
obtained, The slopes of the straight lines, _Ah , are equal to twice
2/2g
the reciprocal of the Euler's Number. These slopes are being used for

further analysis of the data.

-7 -
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The fellowing trends appearsd to exist:

1. «gé . decreased with an Increase in depth of penetraticn of the
Vo[ 2

seepage Cup.

20 ‘J%QW~ increased with a decrease in water depth.,
v©/2g

Ah ] . s X .
3. 5 incressed with an increase of the ratio of seepage cup

v©/2¢g
digmeter to chanmel width.

SUMMARY AND CONSLUSIONS:

The effect of velocity of water in a chamnel on the logal head
environment of seepage meter cups was studied to determine the desired
reference pressure head ingide the cup f0r seepage measurement using
the falling head technique. The study was carried out in a horizontal
flume with a sand bottom test section. Seepage meter wodels of warious
radii were usged. Other variables were depth of water in channel and
depth of penetration of seepage meter.

A study of the local pressure arcund the seepage model showed
that the region of pressuvre reduction was larger than that of the
pressure increase, so that the zero leakage flow head inside the cup
is lower than the free water level. The difference between the zero
lleakage flow head and the free water surface appeared to increase with
increasing velocity, with decreasing depth of penetration, with de-
creasing water depth; and With inéreasing ratio of seepage cup diameter
to channel width. Similitude prinéiples are being used in the analysis
of the results.

PERSONNEL: H. Bouwer, L. E. Myers; R. C. Rice.

- 8 w
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. Figure 1, Contours of Ah/(V'/2g) in vicinity of seepage meter cup,
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Figure 2, Example of test results in terms of Ah versus V2/28 for

a certain water depth and cup installation.,
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TITLE: SOIL TREATMENT TOQ REDUCE SEEPAGE LOSSES FROM CANALS AND PONDS

LINE PROJECT: SWC clO-1 CODE NO,: Ariz,-WCL=-8

iNTRODUCTION:

A large portion of the water which is diverted or pumped for
irrigation never réaches the fields because of seepage losses from
canals and ditches. The 1950 United States Census of Agriculture reported
that seepage losses from project irrigation camals in the 17 Western States
exceeded 20 million acre~feet. Many hundreds of 2tock ponds constructed
on western range lands are ineffective because any water which does
collect in them seeps into the porous soils in which the ponds are con~
structed,

There is an urgent need for low=-cost materials and practices which
will seal stock ponds and irrigation canals and ditches. The development
of low=cost chemical treatments to reduce seepage now appears to be
feasible and an important subject for investigation. A project to
evaluate promising treatments has been established and is in progress.
PROCEDURE:

Initial screening is done on the basis of information supplied by
manufacturers. Materials considered to have promise are then tested by
applving them to the surface of various control soills compacted to pre-
determined densities in test cylinders. The cylinders are then subjected
to various constant heads up to 10 feet of water and the seepage reduc~
tion calculated by coﬁparison with untreated control cylinders., Water
of wvarious quality ranging from distilled to highly saline is used to
determine the influence of this factor on the material under test,

Depth of penetratianjinto the soil is determined by measuring changes
| - 1L -
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in hydrauvlic conductivity at various depths in the soll through head loss
measurements on so0il columns. Effects of wetting and drying will also be
evaluated with the test cylinders, Chemical and physical soll character=~
istics and water quality factors are considered in the evaluation,

Materials which are successful in laboratory tests are applied to
small ponds and canal sections. Effectiveness is determined by pre-
treatment and post-treatment seepage measurements made with seepage
meters, ponding tests and inflow-cutflow methods as appropriate. Obser-
vations and measurements of treatment depth of penetration and durability
will be made on these field imstallations with particular reference to
alternate wetting and drying, weed growth, ditch cleaning operations,
erosion, and other factors as appropriate,

RESULTS AND DISCUSSION:

The information presented here represents a preliminary progress
report of partially completed tests which may be subject to change. For
this reason the tested materials are identified by code numbers rather
than by product name and manufacturer,

Bydrophobic Materials:

A number of hydrophobic materials, Including various metallic salts
and silicones, were tested for possible use in seepage control. All of
them failed when the depth of water standing on the soll surface exceeded
10 centimeters, This finding agrees with reports by Russian scientists
who have done similafswork. We are presently of the opinion that hydro-
phobic materials are not a promiéimg means of reducing seepage. New
hydrophobic materials will continue to be ascreened, however, in the hope

that we may be proven wrong.
- 12 =
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Material D-1:

This is a commercial product lntended to disperse the clay fraction
of soil and thereby mechanically seal the zoll pores., The msterial was
dissclved in distilled water and sprayed on the 20il surface in the test
cylinders at different application rates. Two test soils have been used
to date, One soll was saline, contained 13 percent clay, and had an
untreated hydraulilc conductivity of about 1.0 inches per hour, The
second scll was non-saline, contained 30 percent clay, and had an
untreated hydraulic conductivity of about 3.6 inches per hour, An
.application of D=1 to the soll surface at a rate of 1,300 pounds per
acre, the lowest rate tested, completely stopped seepage under heads of
6 feet of water except when channeling ocecurred, Higher rates of appli=‘
cation increased the seepage rate, indicating that the amount applied was
excessive and had actually flocculated the soil. The solls were pulver-
ized and packed dry into test cylinders 3 inches in diameter with the
compacted soil column 6 inches in length. It is believed that these
tests imposed conditions far more severe than actual field conditions.
Additional testing will be conducted on "undisturbed" soll cores and in
the field., Rates of application will be reduced considerably on the
basis of the preliminary findings,

Material S=1: . -

Thisz is an experimental asphaltic material formulated to permit
dispersien in water. 'The standard‘test cylinders of a silty sand soil
were subjected to a head of 6 feet of untreated canal water until the
seepage rate had stabilized. S-=1 was zdded to the water im a concentra=
tion of 10 parts per i,@@@ and the test continuved until the seepage rate

- 13 =
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n Filgure 1.

el

had again essentially stabilized. Results are shown
Material $~1, type B, which was the original formulation, reduced the
pre-~treatment seepage rate of 1.20 inches per hour to a post-treatment
rate of 0,40 inches per hour for a2 67 percent seepage rate reduction.
Type F, which was formulated for compatibility with hard waters, reduced
the pre-treatment seepage vate of 1.08 inches per hour to a post-treat-
ment rate of 0,08 inches per hour for a 93 percent seepage rate reduction,
Field tests of S-1 are now under way. Here again it is believed
that the preliminary laboratory tests were considerably more severe than
actual fileld conditions. Additiomal laboratory testing 1s being conducted
relative to effect of concentration, depth of pemetration; effect of goil
texture, and related pretinent factors,

Material H=l:

Ao

=

This is a commercial material designed to reduce seepage through a
hydrophilic reaction. Initial laboratory tests by other workers have
not produced positive results but field trizals have consistantly reduced
seepage rates by about 60 percent under certain site conditions. We
have made field measurements which confirm other field trials. There is
a strong possibility that previcus laboratory tests did mot duplicate
field conditions. Laboratory tests designed to simulate field conditiocns
are now under way and will be coordinated with additional field testing.
Questions relative tc depth of penetration and the effect of alternate
wetting and drying a;e of particuiar CONCEYT.

SUMMARY AND CONCLUSIONS: |
Several materials have been tested relative to their possible use

for reducing seepage losses. These are materials which can be sprayed

- 14 =
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on the soil surface or dispersed in the water in the structure from which
seepages losses are occurring. Preliminary testing has produced the
following indications.

1. Hydrophobic, or water repellent, materials appear to cffer
little promise for reducing seepage losses.

2. A clay disperant sprayed on the surface of a soil containing
13 percent clay completely stopped seepage under severe con-
ditions in which a 6 foot head of water was dissipated through
a soil core only 0.5 foot long.

3. An asphalt dispersed in the applied water reduced seepage
rates by 93 percent in a silty sand soil under sever condi-
tions in which a 6 foot head of water was dissipated through
a soil core only 0.5 foot long.

4, A commercial product has reduced seepage rates by 60 percent
in field trials on soils containing over 30 percent sand by
weight.

These preliminary results indicate highly favorable prospects for
the development of low=cost treatments to reduce seepage losses. The
major problem will be the possibility of treatment destructicn by
cleaning operations, by alternate wetting and drying, or by cracking of
the treated soil. -

PERSONNEL: L. E. Myers, C. L. Jenson, G. W. Frasier

- 15 =
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or pressure heads inside and outside the cylinder (Figure 1A). Application
of these flow factors was also made in the development of a double-tube
method (Figure 1C) for measuring hydraulic conductivity of seil in situ
gbove a water table. At present, satisfactory methods for measuring hye-
draulic conductivity above the water tgble are not available.

The flow factors were alsc used to estimate the error in infiltration
measurement with buffered cylinders due to unequal water levels in cylinder

and buffer., Little information regarding this ervor is presently available
gar £ P v

and the need for equal water levels in cylinder and buffer is not clearly
understood,
PROCEDURE @

A description of the resistance network amalog, which was operaticnal
in June 1960, is presented in the 1959 Annual Report.

To generalize the results of the analog analyses, a dimensionless par-
ametar, called the flow fa@t@r'Ffﬁ was iantroduced. This factor essencially

expresses the volume rate of fl@w(%yp@: unit cross-sectional area of the

cylinder, per unit hydraull conductivity K of the seil, and per unit ratio

J

of the water level differemce H to the cylinder radius R . 1In formula, the

factor Ff is expressed as

F, = 2
£ mKHR_

(1)

Assuming a4 uniform K, the flow factor is a function of the geometry of
the flow sytem only; i.e, radius aﬁd depth of penetration of the cylinder
and depth D to 1mpermeable layer, 1In addition to soil underlain by imper-
meable material, the condition of seoil wanderlsin by much more permeable

waterial at depths DP was also included in the analyses. The results are

‘e
- 1§ =
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shown inm figures Z and 3, which show that F_ changes very

)

Dor D if D or D has reached a valus of approximately
" PT )

]

if the distance of the materia

3

uctivity

I3

is move than ZRC below the soil-water interface, the soil can be considered
as of uniform conductivity.

Under field conditioms, the leakage flow due te different water levels

£

rith flow due to seepage or ifofiltration into the

pltant of

s
®
nd
ol
]

soil. The net Fflow from or to the eylinder is, therefore, the
the flow component due to leakage snd the component due to seepage or ine

ebraic sum of the individual come

an that cutside the oyl

nder is the intake come
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head difference, the

leskage component is esgual but opposi

w lLeaving the cylinder is zerc. This head difference is called the

ced=flow differential head an The balanced flow

15 the eguilibrium level which will establish itself when there is mo exe

ternal supply or wi wal of water to or from the ¢yl

level ocutside the cylinder is kept consta

oo

The following sections will briefly discuss how

factors (Figures 2 and 3) can be used in & nuwber of measursment
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dealing with canal seepage, hydraulic ¢

tion rates. For morve detailed discussioms, reference iz made to the various

i

articles im press velative to these subjects (Laboratory Publication

xu
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Results and Discussion:

1. Cansl Seepage Measurement with Seepage Meters

The wariable head techmique for seepage meters comsists essentially
of raising the water level in a reservoir commected to the seepage meter
cup an inch or so above the water surface of the camal and measuring the

subsequent rate of fall of the water level im this reservoir, The seepage

rate iz then calculated as:

where 1_ = seepage rate (length/time)
R = radius of reservoir im which falling head is measured

R = radius of seepage meter cup

0

El

= time slapsed since first water level readinmg in resarvoir

¥

was taken

H = vertical distance between water level in reservoir and
water surface in canal at t = 0

H = vertical distance between water level im reservoir and
water surface in canal gt time t

B

b

The factor H may be dirvectly measured in the field, or, if a long

balanced~flow differential head

i

period of time is required for the water level in the veservoir to reach
the bal anced flow 1evel Hb may be determined by extrapolation of H te
t =e® or as the intersect of the He-axis of the bes t=fitting straight line

in & plot of graphically detsrmined gH - values against H,

. H =35
L. o . 5y s .
The ratio ?alog T ‘Q~ in eguation (2) is determined az the slope
t B - H
of the best fitting straight line in a plot of ﬁ9~f~ﬁf versus € on semie
Tt b

logarithmic paper.
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The derivatdion of equation (2) is baszed on the assumption that the

seepage component is not affected by small pressure-head changes inside

the seepage meter, This assumption is valid if I_ is numerically not much
larger than K of the bottom material,

";5

After calculation of Ig with equation (2), K of the bottom material
can be computed as

R I
¢ s

- h'
Fe By

where F_ is determined from the appropriate figure

1

K o3

3}

or 3 for the seepage

Fh
§
%)

meter geometry in question.
Equation (2) was checked with the analog by comparing imposed 'seepage"

rates to the "seepage' rvates determined with a

lated falling "head"

technique. The results weres

Imposed Yseepage' ratks: Calenlated Yseepage" with
P 3

eq, (2) from asnalog data:

0,100 K 0.096 K

0,400 K 0,400 K

1.39 K 1.33 K
Equation (2) was also checked with a sandbox model, where seepage
rates calculated from outflow data were compared with seepage rates cal-
culated from falling level measurements in a 22.8 c¢m cylinder placed in

the center of the 90 x 90 cm box, The following results were obtained:

Seepage calculated from outflows Seepage calculated with eq, (2):

1.53‘cm3/min° . 134 @mzlmimo

+

213 19

W

370 3

]

€

3

Both analog and sand model studies appeared to give good agreement
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between known seepage rates and the seepage calculsats

Field equipment for practical aj

constructed, using an elsctric probe for

he water level in t

I1l. Megsuremen

Doubletube Imstallation

i3]

A method for measuring

UQ

z2hove & water

placed in

le is covered with sand or gravel to reduce pud

to both tubes and constant equal levels

=8
¢

&
5
m
¥
o
o
i
o

elow the bottom of the auger =,  Some

the inner tube is pushed down

d. Since the curves

5 ZRC, the depth of

have to exceed 2 RCu It is diffic

eached this depth, Consistency

measurement is the best indication that saturation has progressed to suf-

The field measurements consist esse

the vate of change of the water level in the inner tube after the

has been raised or lowered a certain distance while kesping the watey

level in the outer tube constamt. The factor K is

e flow factors in Figure 2 or 3.

with the network amalog showed th

e Kedegtermination
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diameter and beight equal to the dismeter of the immer tubs., Network

showed that e outer tube must have a diameter of at

wwbe in order for the res:

=
h
=
[y
3
0]
=
b d

the actual digmeter and depth of irion of

it iz necessary

flow, The following two methods were

io T method is basaed on the assumption that the i

ponent from the inner tube is the same at the balanced flow level (H = H )

»

ag Lt iz when the level in the inmer tube eguals that

level the outer

o
&
L]
r+
D
(21
'Eﬁ
m
&
o
i
fredn
!
o
oy
o

field procedure coumsists of raising or lowerimg th

&
sl

be shbove or below the balanced flow level and measu

rise of this level while keeping

outer tube comstant. The factor K is then calculated

2.3 R HO Hb

v
K = oo ]gg e
. Ht Hb

R iz the radius of the standpipe connected

and = 1 O 2 15 the slope of the best fitting

ne in a plot of (HO = Hb>/(H+ o Hb) versus t on semilog paper.

.
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& o

=2
c

is more than one-tenth the water depth

e

ving procedure is used!

o

Starting with equal water levels in both tubes,

upply to the inmer tube is stopped. The rate of drop of

w

ot

2

D
N

£

water surface im the inner tube is then measu

the level inm the outer tube is kept constant, A& plot of

resus t is constructed (curve L) with H on the v

The water level in the inmer tube is broug
original level, i.,e, equal
tube., The rate of fall of

is now measured while

“r
=
o
o]

in the outer tube so

the imner tube at

H and t are plotted (curve 2) on the same

Ignoring the #ffect of the different head conditi

geometry of the intske flow systems, the difference

curves 1 and 2 is due to the flow component QHD The vex

distance AHm between the two curves gt time & can

fore be expressed as
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= 5 KHR F_ in this equsation and solvicg for K gives

. 2
ﬁﬂt RV

1
Fe R A% uae

ntegral in equation (5) is determined as the area wunder

(5)

curve 1| between t = 0 and t where &Ht is messured., The factors Rg

8T E wn for the particular installation and Ff
- :

figure 2 or 3 so that K cam be calculated,

Equation (4) was checked in a sand medel study, where two oo

jevs with dismeters of 15 cm and 22.8 cm, respectively, were

& known conductivity of 3.53 cm/min. The comductivity

3

oretical Effect of Unequal Water Level:

Rate Determined With Buffered Cvlinder In

but approsches a maximum as the infiltration reaches the final stages.

7ing equation was derived to calculate this maximum error:

FF H
E = —— 100 ()
CR_

- maximom error im per cent, B is the water levsl

etween ¢ylinder and buffer, G is the intake gradient (imtake
vided by K) and Rc iz the radius of the cylinder, 1f, for example, the
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water level in the cylinder is 7.6 cm higher tharn in the buffsr,

2

dismeter of the cylinder is 30.5 cm, and the depth of penctration cof the

oylinder is 15.2 cm, the outflow from the cylinder would overestimate
vhe intake rate by 11% 4f G = 3, by 36% if G = 1, and by 108% G o= 0,3
{F_-values taken from Figure 2 for D>2.Rc)0 Thuz the error due to dife
ferent water levels can be quite large, so that it is important 2o main-

water levels in cylinder and buffer.

SUMMARY ¢

The flow between two bedies of water above a soile-water interfe

separated by a cylinder penetrating the soil a certain distance, due o

different water levels inside and outside the cylinder, was

e network analeg. Dimensionless parameters (flow facts

IS
Il
Ui
I
mw
+
o
o3
£
&

{

{h
m

C

ed to characterize the flow systems in relatiom to Zeometry

C‘

conductivity conditions,
Based on these flow factors, a method was developed to determine
both the seepage rate and the hydraulic conductivity of reservoir or

-

botioms from messurements using cup-type devices snd a falling

The latter eliminated the mneed for simultanecous maintes

of the free water surface head, inside the seepage meter cup and

measurement of corresponding flow from the seepage cup., This is dif~

't to achieve in practice and failure to maintain the desired head

bty

Ay

inside the cup can be a source of considerable error.

Further use of the flow factors was made in tbe development of &

method for measuring hydraulic conductivity of soil in situ for
unisaturated soil (i.e. above a water table), The field instzlia o
sistz essentially of two concentric tubes placed in am sugerholé,. The
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conductivity is calculated from rate of change of water level measurements
in the inner tube due to flow between inmer and outer tube through the ic. .
5011l below the bottom of the augerhole after this soil has been artifi-
cially saturated by malntaining water in both tubes for some time,

The equations for measuring sespage and bottom conductivity with
the variable~head seepage meter technique erd for deterwining hydraulic
conductivity of soil above & water table were checked with sandbox model
studies, Excellent agreement was obtained between known seepage and
conductivity and the seepage and conductivity calculated with the equa-
tions comtaining the flow factors.

In conclusion, use of the flow factors was made to estimate the
maximum errcor in infiltration measurement with buffered cylinder in-
filtrometers dus to unequal water level in cylinders and buffer, Depend~
ing on the infiltration gradient, this error can be quite large and can
easily approach the magnitude of finmal Infiltration vates. It is, there-
fore, important that the water surface in cylinder and buffer be main-
tained at equal level during the infiltration measurement,

PERSONNEL: H. Bouwer

w 27 =
Annual Report of the U.S. Water Conservation Laboratory



T [
H
H& —— _.é__m
"‘"“‘""".__""‘__."""i"“‘ =
ﬁ/4@0@{/&4&07/4@07%60077// SR, |« -
W\j
* K \\\\\ SN BN

e
ﬁ Material of Different
- Hydraufic Conductivity

2R,

’7>1

\\\\\\\\\\\\\\\\\\\\\\\<§

SONNN AR RN N AR NN NN

ATV

Figure.l. Geometry and symbols of cylinder in soil (A), seepage meter

cup in canal (B), and double=tube installation {C).

Annual Report of the U.S. Water Conservation Laboratory



.10

Q
o
>

WL
8
N

045

950555
— ——070
c 70022
770

L

Q
S
5

BUSSST N0 N0 S A Ll 1'1 R EERE t‘ :

o | /0 20 /# 20

igure 2., Flow factors for soil underlain by impermeable mate: (i ralioas on CULEHE |

Annual Report of the U.S. Water Conservat|on Laboratory



3.0

7K HR

2.0

/.0

0 | 1.0 20 30 D, 3 40

obley pawmaait e veg e T {f*‘; F ensaluss o7 STITUVAE
=LY DAnRUEHREport of the U.S \Water Consérvation Laboratory




TITLE: SOIL TREATMENT TO REDUCE INFILTRATION AND INCREASE PRECIPITATION
RUNOFF

LINE PROJECT: SWC cl0-3, SWC cl7-2 CODE NO: Ariz.-WCL-7
INTRODUCT ION:

Badly needed stockponds cannot presently be constructed in many
western rangeland areas because porous soils soak up the precipitation
and there is insufficient runoff for storage in the ponds. Many ranchers
now resort to construction of deep wells and windmill pumps or to hauling
water at high cost, The common result is an inadequate number of widely
spaced, poorly located watering sites with over«gfazing near the sites
and poor use of forage between sites.

Progress had been made in the development of commercial materials
which offer promise for low-cost waterproofing of soil surfaces. Such
materials have been developed for other purposes, however, and must be
evaluated as soil treatments. Although erosion could be increased by
indiscriminate waterproofing of soil surfaces, this problem does not
appear insurmountable.

PROCEDURE:

Initial screening is done on the basis of information furnished by
the manufacturers. Preliminary laboratory testing is done with simple
infiltration cylinders, containing a soil column 3 inches in diameter and
5 inches deep, in which the surface of a standardized soil is treated
with the material under test and then is subjected to a léw, constant
head of water, initially 1/2 inch, Materials which waterproof soil in
the cylinders are then tested by application to the surface of soil in
30 by 30 inch square by 2 inch deep trays. These trays are subjected to

artificial precipitation, wetting and drying cycles, and weathering. The

- 31 -
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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 test 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 possible. Treatments will be
selected on the basis of plot trials. -Effectiveness will be evaluated
on the basis of water collected versus precipitation measurements,
RESULTS AND DISCUSSION:

The information presented here consists of incomplete preliminary
findings, subject to change as additional tests are made. For this
reason the materials are identified by code numbers rather than by
product name and manufacturer., Test results and discussion for mate«
rials tested are as follows, with the exception of materials which
failed completely.,

Material S-1

This is an experimental asphaltic emulsion designed to give ime

proved penetration and bonding to soil, The manufacturer's tests
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showed penetration up to one inch when sprayed on wet soil, Maximum
penetration we obtained was about 1/4 inch when sprayed on dry soil,
with little penetration in wet soil., This discrepancy is being investi-
gated with the manufacturer. Bonding to soil has been excellent and
one-~foot square test panels exposed to Phoenix weather since April 1960
have shown no deterioration to date, Loamy sand soil was completely
waterproefed in laboratory cylinder tests with applications as low as
0,05 pounds per square foot, This rate of application failed to com-
pletely waterproof soil when applied to the test trays and higher ap-
piication rates have not yet been tested. Depth of penetration has an
influence on the relationship between rate of applicdation and the>degree
of waterproofing. We have reservations concerning the durébility of this
treatment under freezing conditions where water has collected under the
film and this will be checked. Erosion resistance was good.

Material S<2

This 1s a water soluble plastic which forms an insoluble material
upon reaction with a catalyst. Reaction time is dependent upon a number
of factors including temperature, amount of catalyst, and the physical
and chemical characteristics of the soil., Considerable difficulty was
encountered in obtaining the desired reaction and depth of penetration.
New materials and information have been received from the manufacturer

and additional testing is planned.

Material R«l

This is a water repellent material which can be dispersed in water
and which shows considerable promise for waterproofing sandy soils. Rates
as low as 23 pounds per acre completely waterproofed a loamy sand soil as

indicated in Figure 1. Figure 1l also shows that application rates are
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critical and an excessive application is ineffective., .The optimum rate
of applicatiion is primarily dependent upon the specific surface area of
the soil and soilscontaining large percentages of silt and clay require
large application rates of R-l thch do not appear economically feasible,
Treated soil must be absolutely dry before R-1 exhibits water repellent
characteristics, This is shown in Figure 2 where the only variation in
treatments was the dryness of the soil. The surface of the dry column
was completely waterproof, the wet column was not affected by the R-~1,
and the column dried to an apparent depth of 1/2 inch was effected only
slightly because the soil surface was not actually completely dry.

A major problem in the use of R~1l is the fact that it flocculates
in water of poor quality so that all our applications were made with the
-material dispersed in distilled water, The manufacturer believes that
this problem can be solved and is now working on it. Erosion resistance
was very poor and all soil panel tests failed because the treated soil
washed away. |

Material R=-2

This is an experimental soil stabilizing compound which had
demonstrated soil waterproofing characteristics in tests by the manu-
facturer. It can be prepared es a powder or as a water solution, The
original supply was received in solution form and initial tesfs onwinw
filtration cylinders showed that 480 p0unds per acre sprayed on the sur-
face of a loamy sand soil completely stopped infiltration. Test resﬁlts
were not consistant and it became apparent that the material deteriorated
when allowed to stand for several days in a diluted stock solution,

Material in the 55 gallon supply drum also deteriorated as solution was
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withdrawn and air entered the drum. Six months after the originsl
tests the required application rate increased to 540 pounds per scre,
The manufacturer thought the deteriorationm problem could be solved by
using the powder form but we were mever able to completely stop infil-
tration with the powder, even at rates of 10,000 pounds per acre.
Distilled water was used for all testing., The material reacts with

Ca and Mg in hard water to form insoluble curds. The manufacturer will
attempt to solve the deterioration problem and if this can be dome we
will re-evaluate the material,

Material R-4

This is a two stage process involving the application of two
solutions in separate applications. Following application of the second
solution a complex reaction occurs, involving the soil exchange complex
as well as the applied materials, and insoluble compounds are formed
which are water repellent., Although results to date have not been suce
cessful we believe that this two stage process offers comsiderable
promise for waterproofing a layer of soil, rather than the surface alone,
with a spray application., Single stage applications waterproof oniy the
soil surface when applied as a spray and are quite susceptible to erosion.,

Determining the relationship between required amounts of the two
materials, designated as R-4(a) and R-4(b), is not a straightforward
process as indicated in Figure 3, The quantity of either materiai can
be reduced, up to a point, if the other is imcreased. Cost factors will
undoubtedly determine the optimum proportions,

Erosion resistance was fair in the soil tray tests. A field plot
has been installed but insufficient time has elapsed for meaningful

observations,
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Combined S~1 and R-1

A5 by 5 foot soil tray was treated on October &, 1960, with S-1
at 1,300 pounds per acre followed by 100 pounds per acre of R-1., The
treatment has produced essentially 100 percent runoff of artificial
precipitation and no deterioration has been observed to date, A field
panel has been installed but teasurements have not yet-been made.
SUMMARY AND CONCLUSIONS:

Preliminary tests of materials intémded to increase precipitation
runoff have been promising., An experimental asphalt emulsion has
stabilized soil against erosion an‘has shown good resistance to
deterioration in limited exposure tests to date. Seveéral materials
have. been tested which form a water repellent barrier on the soil surface
when applied as a spray. Problems relative to flocculation in hard water
are common .to these repellent materials but manufacturers are working
to solve them and state that it can be done., The repellent: treatments
are also subject to erosion but it appears possible to solve this
problem by using a two stage application to treat soil below the sur=~
face, or by using the repellents in combination with a soil stabilizer,

A treatment of this latter nature appeared quite promising in laboratory
evaluations and is now under field test,

PERSONNEL: L. E. Myers, C. L. Jenson, G. W. Frasier
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TITLE: APPLICATION OF HEXADECANOL-~OCTADECANOL MONOFIIMS TO SMALL PONDS.
LINE PROJECT: SWC clO=4 CODE NO.s Ariz=WCL=9
INTRODUCTION:

Evaporation from water surfaces is ome of the major non=-productive
losses which deplete available water supplies in arid and semi-arid
agricultural and pastoral areas. This loss is particularly important
where water storage facilities are small and shallow., Stock ponds
generally fall in this category and evaporation losses limit use of
stock ponds in many rangeland areas of the Southwest,

A considerable amocunt of research has been dome on the application
and effectiveness of evaporaticn suppressing monofilms. Hexadecanole
octadecanol mixtures have been found to be the most effective materials
for water temperature conditions prevalent in the Southwest. Floating
wire~mesh rafts have been shown to be satisfactory devices for applying
monefilms to water surfaces up to two acres inm size, Indicator coils for
measuring the pressure of monofilms have been developed. These develop-
‘ments presently are being used in the design and evaluation of a practi-
cal, low-cost raft system for applying monofilms to small ponds.
PROCEDURE:

The original raft design revealed fatal structural weaknesses
during field tests inm late 1959 and early 1960, These were easiiym
corrected and improved rafts were furnished cooperators in Nevada and
Arizona, Personnel of the Bureau of Land Management agreed to run tests
én a two=-acre stock pond near Caliente;, Nevada, and persomnel of the
Watershed Technology Research Branch, Agricultural Research Service,
agreed to run tests on three ponds near Tombstone, Arizona. They were

also provided supplies of hexadecancl-octadecancl and indicater oils.
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Previous attempts failed to obtain reasonably reliable estimates of
evaporation reduction from differences in water surface drop during al-
ternate periods of treatment and non=treatment with monofilm., It was then
decided to use indicator oils and these were prepared on the basis of in-
formation supplied by the U, S, Bureau of Reclamation. Evaporation sup=
pression will be calculated on the basis of film pressure indicated by
application of indicator oils teo various points on the water surfaces
before and after recharging the vrafts., 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 replenishment. Air and water
temperature was to be measured, wind speed and direction measured or
estimated, the condition of hexadecanol-octadecanol flakes in 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,

Tombstone Ponds:

Stock ponds in the Tombstone area remained dry because of unusually
low rainfall and no data were obtained from the three instrumented ponds.
Nevada Pond:

The raft was installed on July 26, 1960, Measurements on July 29
indicated a minimum film pressure over the entire pond surface in excess

of 12 dynes per centimeter with some areas in excess of 34 dynes per
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centimeter. Wind speed was about 10 miles per hour., Australian research
has indicated that this film would reduce evaporation more than 40 percent,
A temporary personnel shortage prevented visiting the pond again until
September 15 when it was found that the anchor system had failed due to
storm qunoff filling the pond above the anticipated high water line. The
hexadecanol~octadecanol had been depleted and only partial film coverage
¢ould be detected., On November 1 the anchor system had failed again and
no measurements were ﬁade. Operations were suspended until the spring

of 1961,

A new anchor system is being designed and arrangements will be made
for recharging thevrafts at intervals not exceeding one month during the
next study ééason, Study ponds are alsoc being obtained near the Laboratory
site to permit detailed studies of film distribution patterns.
CONCLUSIONS 3

Despite the generally discouraging failures, the one set of meas-

_urements obtained confirmed the assumption that an adequately maintained

raft will satisfactorily apply a moncfilm te a 2 acre pond, even with a
10 miles per hour wind,

PERSONNEL: L. E. Myers, C. L., Jensomn, G. W. Frasier,
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Stockham number 125 elbows were used in these tests and wll pipes
and fittings were standard 3-inch nominal inside dlameter. Pressure
taps of 1/8~inch diameter were drilled through the inside and outside
bend of the elbow at the center of curvature and in the center line
plane of the conmecting pipes. Differential pressures from 0 to 30
inches of water were measured with an invexted‘U=tube manometer which
could be read to 1/10 inch. Differential pressures from 30 to 100
inches of water were measured with a Bourdon tube differential pres-
sure dial gage, accurate to + 0.5 inch, which was recalibrated at inter-
vals with a precision pressure standard, Pressure pulsations were damped
with capillary tubing.

A recirculating flow system was used including: (1) a 3=inch, 15 hp
centrifugal pump with an 8§ foot maximum Lift from a 1,000 cubic foot
sump, (2) the pipe system, and (3) & weir box which discharged into the
sump. After each change in the flow system, the system was operated
until stabilization of all water levels occurred so that flow rates were
constant during measurement periods. The rate of flow was measured with
a 90 degree V-notch weir in a baffled box constructed to meet the weir
flow assumptions. Head on the welr was measured with sn electrical point
gage, accurate to 0.001 foot, installed in a stilling well. Volumetric
calibration of the weir agreed with the theoretical weir diSEharge
equation within + 0.5 percent.

The test elbow meters were installed at various location in the
plpe system with differeé& arrangements of valves, elbows .and straight
pipe lengths to impose various flow disturbances on the elbow meters,

Tests were run with and without the imstallation of experimental devices
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ntended to reduce megsurement errors. A range of flow rates was used for
gach setup and calibration curves were constructed by plotting differen=
tial pressure in inches of water against flow rate in ¢fs on log=log graph
paper. FEquations for the plotted curves were obtained by graphic measure-
ment,

RESULTS AND DISCUSSION:
The 3~inch £low meters proved surprisingly accurate and deliberately
1dliced errors were far smaller than expected. The measurements plotted
egsentlally as a straight line on log-log graph paper. When plotted
oints fell appreciably off the straight lime, it was invariably found

that an error had been made in measurlng the differentiazl pressure because

of an alr bubble in the pressure lines or; on several occasions, because

=N

he precision dial gage. The

Ft

of a slight change in calibration of

equaticns were of the form

where Q is the flow rate in cfs, € is 2 comstant, H is the differential
pressure in feet of water, and n is a constant exponent.
Results of the vwarlous tests are as follows:

Standard installation:

.The relatively ideal ingtallation shown iz Figure 1 was selected as
the standard with which other tests would be compared. The elbow was
installed horigzontally with 28 diameters and 12 diameters of stralght
pipe upstream and downstream respectively., Gate valves at the ends of

these straight sections were used to contrel the flow, Ideatical cali-

bration curves were obtalned, as shown in Figure 4, regardless of the

valve used for flow control., This standard equation was:
- 0,500
q = 0.3268° > 1
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Gate valve turbulence:

Gate valves are known to cause serious exrors in elbow flow meter
measurements 1f installed so that the jet f£rom the partially opened
valve is directly against either the inside or the outside of the elbow
bend, Minimum error cccurs when the valve is installed at 90 degrees
to the elbow curvature, This latter situation was checked by the setup
shown in Figure 2 where valve number 1 was installed & diameters
upstream from the vertically installed elbow and 20 diameters of straight
pipe followed the elbow. Flow was controlled with valve number 2 which

~was installed 46 diameters upstream from an elbow which discharged into
valve number 1. Calibratiom curves were obtailned with valve number 1

at various settings. Equations for these curves were zs follows:

Valve open Q= 0.324H0'500 (2)
Valve 6/10 open Q = 0.,3278°-°00 )
Valve 4/10 open Q = 0.320u°°°00 (%)
Valve 3/10 open Q = 0.318H°°°%> 5)
Valye 2/10 open Q = 0.31050°518 (6)

The calibration curve for the 2/10 setting is shown in Figure 4. Errors
exceeding 2 percent were not caused until the valve was less than 4/10

Oopelle

?ump;turbulence:

The effect of turbulence from a centrifugal pump was measured with
the setup shown in Figure 3 with 4 diameters of straight pipe between the
pump and the vertically mounted elbow and with 28 diameters dowmstream
between the elbow and the flow controlling gate valve, The equation
cbtained was

q = 0.3211°°°%C )
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Misalignment:

Misalignment of flanged jolnts was considered to be a

of errer. Deliberate misalignment was introduced in th

[
]
!:l
2
=3
ol
b3
f=
&
3P
T
=
o

by moving the flange of the upstream pipe sectilon as fax

5]
&
jaal

5
ey
&
j24]
I2a
oy
-
D

about 1/8 inch off center, toward the inside of the elbow bend before
bolting., A calibration run was then made., A second run was made with

misalignment in the maximum outside position. These squations were

Maximum inside position Q = 0032?H@°J©8
0,3300°°°03 9

i

Maximum outside position Q
4 sleeve insert, shown in Figure 5, was then designed to eliminate the
possibility of misalignment and to eliminate wvariatioms in roughness
among joints, whether the flanges are welded or threaded on the pipe.
The insert introduces a slight restriction while providing a smooth
transition from pipe to elbow. The equation obtained with the sleeve
‘imgert installed was identical to standard equation (L),

Elbow reversal:

The elbow was reversed in the standard setup and the resultiag
equation was
(10)

Straightening vane:

Spiral flow was considered to be a scurce of error which could be
eliminated by the use of straightening vanes. A commercilal vane was
obtained which consisted of twelve l-ianch fins welded around a 3/4-ianch
tube., After a number of rums were made with this vane installed, we
began to suspect that the vane was not symmetrical around its center

line and was creating rather than correcting error. The vane was then
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installed immediately upstwa&m from the elbow in the standard selup.

Four runs were made with the vane rotated in 90-degree increments

‘between runs. Two positions produced congiderable devistion from the
B P

standard equation,

Pogition 1 Q = .303H0° ve (LLy
.y 0,513 .
Positiom 2 Q = 0,310H (12)

Alternate elbow:

An alternate elbow;, also & Stockham no. 125, was tested ia & number
of the same setups used for the first elbow. Maximun deviations from
the standard equation were less than two pereent, The standard setup
equation obtained was

Q = 0,329H (13)

Discussion:

The calibration equations obtaimed for the warious test installations
are listed in the following taeble which shows the deviation between stand-
ard calibration equation and equations obtained with deliberately induced

flow disturbances,

- &8
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Deviation from Standard Equ&»igﬁ
Test Conditiocus Equation Flow rate Flow wate
0,1 cfs 0.9 cfs
Paprecent Percent
(1) Standard q = 0.326u°°%0 - -
00
(2) Gate valve open Q = ©n324H®'50V =0.6 =0,6
70 500 a
(3) Gate valve 6/10 opem Q = QBBZ/H@ 200 +0.3 +0.3
(4) Gate valve 4/10 opean Q = 0932@H0°5@@ =1.8 -1.8
0.503
(5) cGate valve 3/10 open Q = 0,318H 20 2ed =1.8
x4
(6) Gate valve 2/10 open Q = 0,310ﬁ0°)18 =8,.8 ~1.3
500
(7) Pump turbulence Q = 0, 321ﬂ@ -300 «1.3 =1.5
(8) Misalignment, inside Q = 0.327H g0+ 508 «le5 +2.0
503
(9) Migalignment, ocutside Q = Q,330H@°J@° +0.6 +1,.9
(10) Reversed elbow Q = QQ3A7H®'50J «0,2 +1o4
: BC‘,}?.
(11) Straightening vane, Q = Q°303HU =0 8.7 5.5
position 1
(12) Straightening wvane, Q= 00310H0°J£J =Fod =2e3
position 2
“(13) Alternate elbow Q = QQEZQH@'jgj o3 +1,6

The above equations were obtained by graphic means and the constants and
the exponents may be in errcr by + 0.002 because of measurement errors
and the deviation may be iid error by + 0.5 percent. The equations and

signiflcant errors will be calculated for the £inal report on this pro-

at definitely significant and

1]
7
H
&
&
T

ject. These equations as shown Iindicat
appreciab1e errors in excess of 2 percent were caused only by the par cially

closed gate walve and by the commercial strsightenlag wvans when both these

devlcea immediately preceded the elbow. We were pleasaat

find th&t, for practical purposes, the other equations were egsentlally
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identical. Furthermore, these results were reproducible when the pilpe
system was torn down and reassembled between ruus.

Additional tests are being made with other flow disturbing deviceas
such as 180 degree bends and tests will be made with long and short radius
elbows fabricated by various manufacturers. After work with 3-inch elbows
is completed, tests will be made for 6=inch, 1l0-inch aand 12-inch diameter
elbows.,

SUMMARY AND CONCLUSIONS:

Calibration curves of differential pressure versus flow rate weve
obtained for a standard 3-inch; short radius, cast iron, 90 degree, flanged
elbow flow meter with deliberately induced flow disturbances and were
compared with the calibration curve for a “standard” installation. The
disturbing devices included g gate valve, centrifugal pump, misalignment

of connections, and a commercial stralghtening wane. Only the nearly
closed valve and the straightening vane caused errors exceeding 2 pewrcentl,
Reversing the elbow and use of another elbow by the same manufacturer

did not cause errors considered to be of practical concern. Addikional

tests of 3~inch elbows are in progress and the study will also include

elbows of larger diameter.

[

Preliminary results indicate that observance of reasomable pr
cautions and care in installation and operation will permit the use of
standard calibration curves for 3-inch, short radius, cast irom, 90
degree, flanged elbow flow meters.

PERSONNEL: L. E. Myers, K. J. Brust
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TITLE: S0IL MOISTURE CONDITIONS AND ROOT ACTIVITY DISTRIBUTION
PATTERNS.

LINE PROJECT NO.: BSWC ¢l3«l, SWC cil3~6, SWC c¢l5-5 CODE NO.: Ardiz-WCL~1

LOCATION: Southwest Water Conservation Laboratory and Mesa Experimental
Farm.

DATE OF INITIATION AND EZPECTED DURATION: July 1960 to July 1963.
OBJECTIVE: To dete: by radiotracer techniques the.root growth and
@ d

-
root act igtribution of different crops under varying
s0il moisture regimes.

NEED FOR STUDY

The effect of various soll molsture reglumes under diffes
gation practices upon root activity distribution of crops has not
received the attention 1t sghould, Thiz is because the classical
method for determining root distribution, but not necessarily root
activity, involves the tedious task of trenching-out the plant root
system. A non-destructive method, which can follow the root activity
behavior of 8 plant through its entire growth cycle and is easy to
conduct in the field, is an invalusble tool. Some piloneer investiga-
tions using radiotwacers have been conducted in North Carolina by
Hall, et al. (1), to measure rvoot growth and activity. By adapting
some of their techniques to the irrigated land some fundamental
questions of soileplant-water relations and problems of field manage-

ment may be resolved,

The root activity distribution data can be employed for practical

field use to ascertain the most efficient depth of placement of
irrigation water or fertilizer for s particular crop at a certain
time of the growing season.
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DESIGN OF EXPERIMENTS AND PROCEDURE

In the preiimihary study for 1960, four replicates were sstablished
on a 275' X 32" plot. Sorghum (RS-610) was planted on July 28 on a
40=-inch spacing iﬁferval; eight rows were established in the 32«foot
wide plot. The third and sixth rows were used for the radiotracer
treatments.

One milliliter of a 12 pc/ml KH2P04 solution was iniected in each
injection site on both sides of the test row on August 10 (Replicates
IT and III) and August 11 (Replicates I and IV). There were 6 injections
per treatment. Figures 1 and 2 show the point of injection in respect
to the plant row. Six depths-~6, 12, 18, 24, 36, and 48 inches--and
four distances-~-5, 10, 15, and 20 inches--were used. This gave a total
of 24 treatment cowbinations which were completely randomized within a
replicate.

Construction details of the injection probes are shown in figure 3.
A 0.087~inch capillary tubing was fitted inside a 1/8-inch red-brass
pipe and seoldered to it. Two holes were drilled through a brass point
to connegt to the bottom of the capillary tubing. The upper end of
the capillary tubing was fitted with a rubber policeman. The radio-
active solution was injected through the rubber policeman into the
capillary tubing with a hypodermic needle and syringe. ALl probeé
were checked for leaks before being used.

Injection probes with point 1 were used in the 1960 experiment.
An improved probe point (alternate point 2) is also presented in the
diagram. This is sturdier and easier to construct than the older
model.
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One irrigation level, 5 inches, was used which was based on a

n g

biweekly schedule following the irrigation practices of the adjacen
sorghum plots. The crop was mot irrigated in Septenmber because of two
rains of 0.50 and 0,72 inch within a week prior to the scheduled
irrigation.

Two-inch aluminum access tubes for the neutron moisture probe were
installed on Replicates I and III at 5, 10, 15, and 20 inches from the
test row to a depth of five feet on August 16. 8o0il moisture measure-
ments were taken once a week at 12-, 18-, 24=~, 30-, 36~-, 42~, 4Be, 54=-,
and 60-inch depths starting on August 19.

Plant samples were also collected every week at the same time the
moisture readings were made. For the initial sampling on August 26,
the whole plant was' taken, but thereafter until October 21, the third
leaf from the bottom was sampled for P32 and total P analyses.
Additional sampling of grain was made and continued until November 18,
EXPERIMENTAL DATA, OBSERVATIONS AND INTERPRETATIONS

Six treatments were lost in Replicate I, two in Replicate IV, and
one in Replicate II because of dying-out of the sorghum in the treated
sections. Fortunately, none were lost in Replicate IIL. The losses
were attributed to the high temperatures encountered by the young
plants for the late planting date and not to any unfavorable chemical
or physical condition in the plant~soil environment resulting from the
injection of the tracer solution. Chemical and statistical analyses
for the entire experiment are not complete. However, since Replicate III

suffered no treatment losses, priority was placed on the radiochemical
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analyses and calculations for thig s @piie&fc, The resulrs

tions and formulation of plans for the spring experiments

[#%:<)

primarily on thig replicate.
A sample radlochemical snalysis of plants taken on August 26 for

@ =

Replicate III is presented in Table 1. Each analysis is for the

@

composite of two adjoining plants in the treated row. The data have

been corrected for backpround, decay and counter efficiency

for the assay equipment was 15 counts per minute) counts of % or mor.

b

above background were considered statistically

vom the measured P77 activity that the root

h

had penetrated extensively throughout the soll profils to whers the
tracer injections were placed.

This August 26 sampling was the first in the seriss of 12 waekly

samples taken., The fivst plant sampling was delayed as long as possible

, N P 3% L .
because the plant material available for P77 and total P analyses
small, For futuvre studies of this vature, the time of radlictracer

injection and plant sampling should be made earlier than those usad in

this experiment.

Rate of root growth, It was pessible in some of the treabments

to get a good estimate of raat growth from the data obtained. For
example, in the 18-inch dgep, 20-inch distance and 36-inch deep,

oy

15=inch distance injection treatments there wag no P~

the plant materials sampled on August 26. The leaf samples of the same

plants taken on September 1 had activities of L1319 and 833 ¢/

the 36=inch depth and L8-inch depth treatments,

o -
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} : . Yoy 32 R .
By using the time recquired for the P 7 to show up in the leaf and

the position of the "7 injection, the rates of root growth of 0,753

inch per day for the 18-<loch depth, 20-inch distance plant and 1.0 inch
per day for the 36=inch depth, 15~inch distance treatments were
calculated.

32 ; . , . , 2 .

P77 getivity was detected in the flrst samplings for the 48-inch
depth at the 5~ and Li-inch distance from the plant row so that ap

accurate measurement of the rate of root growth from these locations

the

=

cannot be made. However, for the root to reach these positions {
30~day growing period, the rate of root extension must have been at
least 1.6 inches per day,

The rates of root growth of 0.73, 1.0 and 1.6 inches per day seem
to be reasonable values. Kramer (2) cites some references for differemt
grasses where the rates ranged from 0.5 to 2.5 inches per day. If the
calculated rates of root extension of 0,75, 1.0 and 1.6 are considered
in relation to the position in the soil profile from which they were
determined, there is a differential rate of root growth throughout the
soil profile and that root extension occcurs at 2 faster rate vertically
than laterally., - Additicnal analysis of data and experiment should aid
in substantiating some of the interpretations that are offered at this

time o

) o . e et s , . 32 _—
Relative voot activity distribution. The ratios of P activity

in the plant sample st a specified depth (er distance) to the sum of
32 o s - s . e Hons
the P77 activities for all the treatment combipations (relative root
activity) were caleulated to evaluate the root activity distribution
throughout the soil prefile. The ratios for Replicate III are
- 61 -
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presented graphically in Figures 4 and 5 from the leaf and whole plant
analyses for the period August 26 to October 2L, 196CG. These ratios
have some bilas because the injection points were not distributed uni-
formly throughout the soil profile, but nevertheless, gives a relative
picture of the root activity distribution.

The root activity close to the plant (5-inch depth, 6-inch distance)
decreased markedly with time but remained at a high level compared to

2

locations further away from the plant. Roots at the 10« and 13-inch

closer to the plant decreased. Approximately 90 percent of the root
activity 1s confined within the region of the 36~inch depth and 15~inch
distance from the plant row.

The plant rows adjoining the treated one were also sampled on

32 e
October 21 and analyzed for P . Activity was present in the borde

n

plants where the injections were made 25 and 20 inches from them (15

and 20 inches from the treated row) and no measurable activity for the
30 -and 25-inch distances (10 and 5 inches from the treated row). Thus
under the environmental conditions for the growing season of the sorghum
plants, root extension horizontally from the plant row is 23 inches for
the three-month~old plants.

a fivemfoot deep trench was dug perpendicular to one of the guffer
rows.on September 23, Visual examination showed that a major portion
of the roots were within the 36-inch depth, 15~inch distance houndary.
Some root hairs were observed even at the five-foot depth.

The irrigation and rainfall dates are alsc indicated in Figures &

and 5. On days when the irrigation and plant samples were taken the
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water was applied after the sampling and moisture measuremsnts were

taken. The irrigation treatment did not seem to have any direct
effect on the relative root activity behavior at any depths or dis-
tances from the plant row.

Scil moisture distribution. The soll molisture content a

4

function of time at 5, 10, 15, and 20 inches from zhe plant row and

at the different depths are presented in Figure &, The plotted

values are averages of the measurements for Replicates I anmd ITL.

One of the reasons for taking the meisture readings was to relate the
moisture content to the root activity distribution patterns determined
by the radiotracer technique. The biweekly ivrvigation was too frequent
however, so the moisture content was usually above the equilibrium
value of approximately 25 percent (field capacity) and thus changes in

moisture content in a given region of the soil profile reflected not

&)

only that caused by root absorption, but that resulting from the move-
ment of water from one region to another.
SUMMARY

A method for determining the root activity of an irripated crop
throughout its growing season has been investigated. The technique
involved the injection of small amounts of radiocactive solutions into
the soil at various depths and distances around the plant and th@«
measurement of the absorbed radiotracer in the aerial portion of the
plant. From a knowledge of the time of appearance, the quantity of
radiotracer absorbed, and the position in the soil from which the
radiotracer was absorbed, it is possible to estimate the rate and extent

of root growth and the relative activity of the rouots.
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For sorghum plants at 40«inch row spacing and under biweskly irvri-
gation, the root zone extends 25 inches on both sides of the plant row
to a depth of 5 feet. Approximately 90 percent of the root activity is
located 15 inches on either side of the row to a depth of 36 inches.
Average rates of root growth ranged from 0.75 to at least 1.6 inches
per day and the rates seem to be related to the position of the roots
in the soil profile and the direction of growth. The data used in thisg
report did not indicate any rejuvenation of root activity at the
shallower depths after a rain or irrigation.

REFERENCES

1. Hall, N. 8., Chandler, W, F., Van Bavel, C. H. M., Reid, F. H., and
Anderson, J. R. A tracer technique to measure growth and activity
of plant root systems. North Carolina Agr. Exp. Sta. Bull. 10L.
1953.

2, Kramer, P. J. Plant and soil water relationships. McGraw-Hill
Book Company, Inc. pp. 126-127. 1949.

PERSONNEL: F. S. Nakayama, C. H. M, van Bavel (Advisory), and W. D. Pew

{Farm Superintendent, Mesa).
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Table 1. Sample analysis of P32 activity of plant material (c/m/g)
from the different depth-distance combinations for
Replicate III. (Material taken on August 26, 1960C.)

Distance from Plant Row
5 Inches 10 Inches 15 Inches 20 Inches
& & Inches 282,662 42,505 1,323 383
[~}
4112 Inches 37,660 3,806 440 440
]
M| 18 Inches 6,890 2,405 400 0
g
& 24 Fnches 1,521 1,001 281 0
5|36 Inches 2,564 520 0 0
@
2|48 Inches 4,888 481 0 0
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- TITLE: SOIL MOISTURE POTENTIALS AND WATER UPTAKE BY RCOIS

LINE PROJECT: SWC cl3-l CODE NCo: Ariz.~WCL=3

INTRODUCTION:
The effect of moisture potemtlal on water absorbtlom by roots
from a soil is difficult to determine. This is because the potential
of the water in the soil is related to the quantity of water present and
will change in the adsorption process. The purpose of this ztedy is to

determine the instantaneous rate of watewr uptake in soils which have

different molsture potentlals and to relate such root behavier to varving

environmental comditions. In orxder to achieve this aim, techniques and
equipment will be devised and utilized which will fnsure water absorption
at constant moisture potentials,

One of the methods imvolved in the experiment Is the use of twitilated
water for trecing and measuring the amount of water absorbed by roots.
A suiteble analytical procedure for tritiated water was required and
therefore the initial phase of this project was focused in this direction,

PROGRESS:

1. Laboratory facility

Alteration of the radiotracer counting room was needed. The change

included the installation of an exhaust fan for nealth safety pre-
cautiong and for the reuwoval of heat gemnerated by the radiomsé&y
eénipment and freezer unit.

A California type fume hood is being installed In the radio-

isotope preparation laboratory. High vacuum equipment will be

placed in the hood for use in the lyophilizmation of tritlated water
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from soil and plant materlals, combustion of organic matter, and
reduction of tritiated water to gaseous hydorgen.

Tritium assay equipment

A Baird-Atomic Model 745A liquid scintillation countiag system
was obtained in June for the assay of tritiated water in accevdimce
with principles discussed in an ARS 41 series publication (2). A
diagram of the basic components used in the system iIs shown In Figure
l. The timer, scaler, and high voltage supply were tested and found
to be compatible with existing gas flow counter and gamma ray detsetor,

The liquid scintillation detector and the amplifier-analyszer are
the important components of this system. A schematic diagram of a
section of the detector is presented in Figure 2, The S-dram (20 mL)
sample bottle is located immediately above the photomultiplier tube
and separated from it by the 0.018 inch thick wires. Light which 1
produced from the interaction of the Beray from tritium with the
organic scintillator liquid is detected by the phototube. The
phototube, unfortunately, has some inherent electrical nuise (dark
current) which is recorded as pulses by the scaling system and thus
adds to the background count, The noise can be decreased by lowere
ing the temperature of the phototube. The detector unit is cooled
in a deepfreeze unit as shown in Figure 1.

The amplifier-analyzer receives the electrical pulses originat-
ing from the phototube through a preamplifier unit which 1s built
into the detector component. The analyzer is designed to pass
through signals which originate from the Beray of tritiuvm., Unfor-

tunately, there are other electrical signals present with similarx
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energy characteristics as those resulting from the tritium Berays and
these will alsc be reccrded. The amplification factor for the
detector amplifier units are very large~-105 to 106 for the photo-
multiplier tube, 40 for the preamplifier, and 160 for the
amplifier-analyzer=--and external electric nolses are easily picked
up. To reduce spurious counts, electric calculaters and typewriters
had to be provided with interference filters. Further stability in
the systém was obtained by installation of a voltage stabilliizer in
the power line of the amplifier-analyzer and an isclation trans-
former on the freezer. Spurious electric signals which affect the
counting accuracy have been minimized and are not considered as =
serious problem,

Analysis of tritiated water

The dioxane-naphthalene liquid scintillation solution similar
to the one described by Kinard (2) was used in most of the assay
studies. Investigations were also started on the toluene-ethanocl
and the dioxane=~anisole-dimethoxyethane liquid scintillation
solutions, but séme preliminary results using the same assay con-
ditions as the Kinard system showed that these were less efficient
than the dioxane=-naphthalene and thus were ncot explored as
extensively., The dloxane-naphthalene scintillation solutilon was

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

(2) Naphthalene 125 g
(b) 2,5-diphenyloxazole 7.5 g
(¢) 2,2'-p-phenylene-bis=(5 phenyloxazole) 0.375 g
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The differential counting technique was used for the assay of
tritiated water. The instrument settings for obtaining maxlmuwm
efficiency of the instrument were determined by standard differen-
tial counting procedures. The conditions for optimum counting are
listed in Figure 3. The counting efficiencies for differemt amounts
of tracer water in 15 ml of scintillation sclution were also
determined and the results are present in Figure 3. The background
which was taken on the same day as the standard solutions was
123 ¢/m. The graph shows that the mixture with the smaller amount
of tracer water counted more efficiently than those with a larger
quantity.
The results shown in Figure 3 are part of a series of mixtures
of water ranging from 0,1 to 5.0 ml in 15 ml of scintillation sclu-
tion. The mixtures containing 0.1 and 3.0 froze at -2° ¢, and
those with 4,0 ml H20 and higher exhibited phase separation at room
temperature and also froze in two phases at «2° C. These gamples
were not assayed for tritiated water.
SUMMARY

A liquid scintillation method for the assay of tritiated water was
investigated using a single phototube type liquid s¢intillation counter
system., The procedure can be used to analyze 0,25 to 2 ml of tracer
water., Counting efficiency of 7.5% was obtained for a mixture of 0.25
ml tritiated water and 15 ml of dioxane-naphthalene scintillation solu-
tion. Counting efficiency decreased proportionately with increasing

amounts of water,
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The minimum detectable concentration of tritiated water is
4 ><~10'm5 uc(89c/m)/ml at the 95% comfidence level if 1L ml of tracer
water 1s availlable for analysis, counting efficiency is 5%, background
is 125 counts per minute, and the counting period is 30 minutes.
Experiments using tritiated water are, therefore, belng designed to
meet the sensitivities of the assay equipment. In addition, since the
maximum permissible exposure concentration of tritiated water fs 0,1 pe/m!
there is some flexibility regarding the manner in which the exmperiments
can be conducted.,
REFERENCES:
1. Kinard, F. E. A liquid scintillator for the analysis of tritium in
water, Atomic Energy Commission Repoxrt DP=190. 1956,
2. Nakayama, F. S. Application of tritium tracer in soil and plant
water investigations., USDA ARS 41-37, 1960,
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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 liquild scintillation detector.
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TITLE: CALIBRATION AND EVALUATION OF NET RADIOMETERS
LINE PROJECT NO.: SWC Cl1l3-1 CODE NO,: Arxiz.=WClL-6
INTRODUCTION

The energy budget method, by which the flux of water vapor and
sensible heat may be measured indirectly, requires estimation
or measurement of net radiation, Net radiation measurements may
also be an aid to forecasters in determining air mass modification.
Net radiation may be measured directly with net radiometers; however,
the commerclally availlable net radiometexrs are not comsidered satis=
factory because of the size and environmental influences. Some of the
net radiometers change calibration during their use. A need then
exlsts to develop an acceptable net radiometer and a laboratory method
of calibration over the wave lengths involwved.
THEORY

The net radiometer is an instrument designed to measure the flux
ef radiation through a horizontal plane. The measurement of net
radiation, in principle, is quite simple. One simply has to place
a blackened plate in the radiational field and measure the temperature
difference which develops between its surfaces. If one uses a thermal
transducer in place of the blackened plate, net radiation is measured

as follows:
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eaTb‘*defh(Tb - T)
Absorptivity of transducer surface
Emissivity of radiometer surface
Stefan-Boltzmann constant
Thermal convection coefficient
Thermal conductivity of transducer
Alr temperature
Temperature of top surface
Temperature of bottom surface
Irradiation upon the top surface
Irradiation upon the bottom surface

Net radiation
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On surface t, the energy balance is

4 k
= - ) s - T ‘(M‘l\
oth eaTt + h(Tt Ta) + 1(Tt .L.b). (1)

Similarly, the energy balance on surface b is
4 k
OR = eoTy "+ h(Ty - T ) - F(T,~ Tp). (2)

Subtracting (2) from (1), we have

R = a(R- R) = eo(Tt4~ Tb4) + (T~ T,) +:%§(Ttw T,). (3)

If the term involving thermal convectlon was eliminated, equatiom

(3) would become

. b by o Zeoe ,
R = eo(T "= T7) + (T .- T,). (4)

The heat flow through the sensing element may be expressed as

H = k(T - T,)/1. | (59

Since a thermocouple assembly is located within the thermal trans-
ducer, a temperature difference, f(Tt~ Tb), is set up between the hot

and cold junctions. This temperature difference is related to the
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over-all temperature difference (Ttw Tb) by a proportionally constant €

and is represented by

39
St

f(Tt« Tb) 22 C(Ttu Tb). (
A thermoelectric potential E is set up which is given by
E = Bf(Tt— Tb), (7)

where B 13 the thermoelectric power. This thermoelectric potential

E is related to the heat flow by

E = BC(T - T, ). (8)
By using the approximation that

T+ T, ~ 2T (9)

in equation (4) and substituting equation (8), we have
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3, 2% ;

Rh = (4€0Tt +-17)(Ttu Tb) . {107
) 3, % E _
Rn = (4ecTt + 1 )BC = gf iy

where g 1s the calibration constant which depends upon the temperature,
emlssivity, conductivity, and thickness of the thermal tramsducer,

Measurement of net radiation for meteorological purposes is more
difficult because of the different wave lengths involved. Net radiation,
for meteorological use, may be defined as

R.n = Rsum fRSu+ Rsk_ fRSk— Rea (12)

where R 1s radiation from the sun (su), the sky {(sk), and the earth (eca)
and £ is the reflection coefficlent of the earth. The wave lengths of
the sun range from 0,3u to 3 and are approximated by blackbody
radiation at 6,000 degrees K, while the wave lemgths of sky and ter=-
restrial radiation range from 3pu to 60u and are approximated by
blackbody radiation at 300 degrees K. In other words, the net radiometer
must be equally sensitive to radiation from 0.3u to 60u.

The term involving thermal convection (3) may be eliminated or
reduced by shielding the thermal transducer or by equalizing its effect
on both surfaces. Until recently, there has been no material which is

weatherproof and has acceptable transmission characteristies, so

enclosing the thermal transducer to eliminate the thermal convection
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term has not been feasible. Giler and Dunkle (2) have artifidelly
reduced the thermal convection term by directing a constant wind stream
across the thermal transducer. To completely eliminate the effect of
thermal convection, the wind stream must have equal velocities over
both surfaces and Tt must be equal to Tb' The thermal convection
term may be eliminated by enclosing the thermal transducer. The use
of mica and vinylidene chloride for this purpose has been discussed
by Fritschen (1).
EXPERIMENTAL METHODS AND RESULTS

The Gier and Dunkle type net radiometer (2) and the minlature
net radiometer described by Fritschen (1) will be calibrated in a
calibration chamber (Figure 1), which is a modified version of that
deseribed by Johmson (3). The source of short-wave radiation is a
tungsten filament lamp. The peak emission of the tungsten fillament
is approximately 0.99u. The calibration is accompiished using an
Eppley pyrheliometer, Model 50,'as a standard. The energy measuved
by the Eppley pyrheliometer is related to the output from the met
radiometers. Since the Eppley is only sensitive to radiastion of much
longer wave lengths, glass 18 used to filter out the long-wave radiation
from the surfaces of the lamp and the calibration chanmber. Two glass
filters are used on top and one glass filter 1is used on the bottom of
the calibration area in the box. Two filters are used on top because
the uppermost filter will absorb enough radiaticn to become heated and
to reradilate long-wave radiation., The second upper glass filter

willl absorb the majority of the long-wave radiation from the top filtex.
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Any difference in radiation between the glass filters adjacent to the
calibration area 1s corrected for in calibration.

The source cof long-wave radiatién is the interior walls of the
calibration chamber. The interior of the calibration box hes been
lined with brass plates having copper coils fastened to the back of
the plate. These plates are arranged so that the top half and the
bottom half of the calibration chamber each contain five plates. Water
of constant temperature is pumped through each half independently.
Thermocouples have been cemented to each plate so that the plate
peratures can be obtained., A divider made of insulating material
opaque to long-wave radiation is inserted between the halves of the
calibration chamber. An opening or slot is cut in the divider to fit
the sensing element of the radiometer. The divider prevents radiational
flux between the halves of the calibration chamher except thwough the
opening. The divider alsc eliminates convectional flux of energy.

The radiatiomal flux between the halves of the calibration chamber is
computed from the following equation:

. 4
q = eAcr(T1 TZ )] 5

where q 1s the radiational flux, e is the emissivity, A is the area,
o is Stefan-Boltzmann constant, and T is temperature, degrees shbsolute.
The emissivity of the calibration chamber has been cbtained by the pon-

equilibrium method (4) and has been found to be 0,952,

The miniature net radiometer has been modified to facilitate ease
of construction and also, to decrease the reflection from the plastie
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radiation windows at low sun angles. The details of the counstruction
of the modified miniature net radiometer are shown in Figure 2. The

polystyrene radiation windows have been hemispherically shaped to reduce

a

the reflection of solar radilatiom at low sun zngles. Polystyrene has
been used in place of vinylidene chloride, as previously cited, because
polystyrene has a much better transmissioan curve in the wave lengths of
approximaﬁely 10p. A thermal transducer was calibrated, both shorte
and long-wave radiational fields, with and without polystyrene radi-
ation windows. The polystyrene radiation windows were found to decrease
the output of the thermal transducer approximately 3.7% in a short-
wave radiational field and approximately 5.1% in & long-wave radiational
field. A typical calibration curve for a miniature net radiometer is
shown in Figure 3. The fact that the experimental points for long-wave
and short-wave calibration appear to fall on the same line indicate
that the thecretical comsiderations of the calibration chamber are
sound. In other words, the output of the miniature net radiometer and
the radiant flux, as indicated by the Eppley pyrheliometer, agrees
quite well with the output of the miniature net radiometer and the
radlation calculated from the previous formula for longe-wzve radiation.
Limited research has been conducted on two Gler and Dunkle type
net radiometers purchased from the Beckman and Whitley Company. The
calibration factors obtained from the heat-flow transducers of the Gier
and Dunkle type net radiometers were essentially the sam@.as those
supplied by the factory when the fan of the Gler and Dunkle type net
radiometer‘was not running. However, quite different calibration
faetors were obtained when thé fan was running, These differences
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can be due to the unequal cooling effect of the fan om the top and
bottom surfaces of the heat-flow transducer. This fact is polnted out
in Figure 4., The data in Figure 3 were obtained when the Gier and
Dunkle type net radiometer was placed in the calibration chamber with
beth halves of the calibration chamber having constant-temperature
water approximately 20 degrees €. circularing through them. In other
words, there was zero radiational flux applied to the Gler and Dunkle
type net radiometer. The amblent temperature was varied from approxi-
mately 40 degrees F., to 110 degrees F. The output from the Gier and
Dunkle type net radiometer is plotted wersus the transducer temperature,
which is an indication of the ambient temperature. When the smbient
temperature is below the temperature of the radiational objects, in
this casze the upper and lower halves of the calibration chawber, the
output from the net radiometer 1s positive; however, when the ambient
temperature is above the temperature of the radiationmal objects, the
output from the net radiometer is negative. In both cases the cutput
from the net radiometer should be zero., It is not hard to imagine the
effect that this unequal cooling of the heat-flow transducer by the
fan éf the Gier and Dunkle type net radiometer will have upon the net
radiation measured in nature. Consider the case immediately aftex
sundown when the actual net radiation is zero and alse, consider wvary-
ing ambient temperatures. It is not hard to imagine numerocus cases of
zero net radiation with different ambient temperatures. There appears
to be no simple way to correct for the error caused by the unegqual
cooling of both sides of the heat«flow tramsducer by the fan except by
redesigning the blower so that the alr stream on both sides of the
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heat-flow transducer iz equal.
CONCLUSION
The calibration chamber appears to be adequate for periodical
calibration of net radiometers. The modified version of the miniature
net radiometer offers ceonsiderable promise in micrometeorclogical
research.
REFERENCES
1, Fritschen, Leo J, Construction and calibration details of
the thermal-transducer type net radiometer. Bul. of the
Amer, Met. Soc. 41:180-183. 1980,
2, Gier, J. T. and Dunkle, R, V. Total hemispherical radiometers.
AIEE Proceedings 70:1-7. 1931,
3. Johmnson, D, S. Progress report on radlometer test., U. S,
Weather Bureau, Uapublished mimeo. rpt., December, 1956.
4, Zemansky, Mark W, Heat and Thermodynamics. McGraw-Hill,
New York. 1957,
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TITLE: INSTALLATION AND PERFORMANCE OF ELECTRONIC WEIGHING LYSIMETERS

LINE PROQJECT: SWC cl3-1

PURPOSE OF INSTALLATIGN\

The weighing lysimeter inmstallation in Tempe is capable of auto-

matically registering changes in soil moisture content with great

precision and under natural conditions. This installation was designed

and built to meet the following purposes:

1.

2a

4,

5.

To enable a derailed study of actual evaporation and transpiration
from soil surfaces on which plants are growing.

To serve as an abgolute check in studies of the relation between
evaporaticn and meteorological conditions.

To obtain information on the total flow of water through the soil
surface in studies of soil-water’mﬂvement caused by evaporation.
To make comparative studies of certain treatments of scil or plant
surfaces which may Iinfluence evaporation and transpiration.

To serve as a standard of comparison for the evaluation of methods
designed to measure evaporation and transpiration such as, for
example, the stem flow method or the polyethylene cover method.

To sefve as an accurate standard of comparison for the ewvaluation
of instruments designed to measure precipitation either in the form
of rain or as dew.

The use of the iysimeter ingtallation for purposes as listed

above will be reported in the future under appropriate headings. The

purpose of the present report is to give an agcount of the installa-

tion and of the performance of the lysimeters.
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CHRONOLOGICAL REPORT

In the budget for fiscal year 19539 a specific item was set aside
for the construction of lysimeters at the Southwest Water Conservation
Laboratory. To facilitate fundamental studies of water use by evapo-
ration and transpifationj it was decided to construct a high-precigion
set of weighing lysimeters of limited size. Therefore, in September
1958 work was immediately bégun to design and procure sucﬁ an installa-
tiongy The design was completed for the purpose of obtaining comparative
" bids during the early part of 1958 and in June 1959 the bid was awarded
to the Bytrex Corporation of Boston, Massachusetts. Detailed electrical
and mechanical drawings were received in the ﬁall of 1959 and approved
by Laboratory personnel. Following this, construction was begun and
virtually completed in April 1960. However, upon factory testing it
was discovered that the’specifications were not met in all respects and
changes in the design had to be put into effect. In September 1960
delivery was made to the Laboratory site, In the meantime, footings
and the necessary cable trenches .and connections were provided at the
Laboratory during 1960 and final installation under the supervision of
the factory engineer took place in December of 196@4 See Figure 1 for
lysimeter locaticn., - This phase was completed without further difficul-
ties and tests were run during the early part of Janvary 1961 to
verify calibration, sensitivity, and the effect of load distribution.
These tests have been completed and approval has been indicated for

acceptance of the installation from the supplier.
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GENERAL DESIGN CONSIDERATIONS

The following items were considered as the basis for the lysimeter

designg

10

4.,

The lysimeter should provide a normal rooting profile. This was
interpreted as being a normally drained soil column of approximately
150 cm depth.

The lysimeters should be large encugh tc minimize the effect of the
rims. It was felt that a 100 X 100 cm square lysimeter with thin
steel rims, separated by no more than approximately 8 mm, would

come close to meeting this requirement.

The installation should be in triplicate to provide at all times

an estimate of the error of measurement.

The overall weight and construction of the installation should be

such that it could be moved if so desired.

-The welghing mechanism itself should be electronic and extremely

compact so that the weight signal could be taken out by underground
cable to an appropriate location for registration.

The registration of the weight should be automatic, continuous and
in a form immediately usable for automatic data processing.

The sensitivity of the installation should be at least .05 mﬁ

(.002 of an inch).

BRIEF DESCRIPTION OF WEIGHING MECHANISM

The weighing mechanism can be considered to be composed of the

following parts (refer to Figures 2 and 3):

1.

2,

The soil container, or lysimeter proper.

The platform carrying the soil container.
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The counterweights.
The counterweight platform.
The beam.
The flexures which suspend the beam from the foundaticon and which
suspend the soil container platform and the counterweight platform
from the beam.

The load cell.
The metal enclosure protecting the above parts from the soil and
from the atmosphere.

These items are described in further detail as follows:
The soil container has an area 100 X 100 cm and is 161 cm deep.

It is made from 3.1 mm (1l gauge) steel and reinforced with hori-
zontal ribs on the inside at approximately 30 cm distances. The
empty weight of the container is about 380 kg and when filled with
soil at a moisture content of approximately 30 percent by volume
the total weight is approximateiy 3,110 kg. When the soil is at
the 15 bar percentage the weight decreases to about 2,800 kg. The
soil container is compietely closed. In order to permit drainage
of excess water, five stainless steel filters were laid on the
bottom and connected by copper tubing to an outlet at the surface
of the soil container to permif the application of a vacuuﬁ'for
establishing tension at the bottom of the soil column (see Figures
4, 5, and 6). The stainless steel filters are embedded in fine
sand and the entire arrangement is covered with a one centimeter
layer of glass beads. This provides for the establishment of
tensions to a maximum of 200 mb at the bottom of the soil column.
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The soil container platform consists of four heavy steel columns
which support the soil container at the four corners. The steel
columns are joined by heavy members transferring .all the weight to
a centrally located column which in turn is hungﬁfrom the short
end of the balance beam, Sideways movement of the platform is
prevented by the installation of horizontal flexures which would
be tensioned if any sideway forces would be applied to the platform.
The counterweights consist of cylindrical steel weights with a
diameter of approximately 30 cm. A number of these are permanently
installed and their weight is known only approximately. The
remaining part of the weight is counterbalanced by counterweights
which are 12 1/2 kg + a few grams in weight. The number of these
counterweights changes in accordance with the changes in weight of
the soil.

The counterweight suppoert platform consists of a single column
broadened at the top which is in turn hung from the end of the
beam in a manner similar to the soil container platform. Stops

are provided at the counterweight end of the beam to prevent
escessive movement.

The beam is made of a 20 cm steel "I" beam which is suspended from
a yoke, which in turn rests on the foundation, by means of cross
flexures,

The flexures are strips of spring steel about 0,040 inch thick
having considerable strength in tension but resisting bending only
slightly. Thus an almost frictionless suspension is achieved in
which there is no possibility of change of mechanical advantage.
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The flexures are bolted to the beam and the platform or supporting
yoke, as the case may be.

The load cell is a strain gage pressure measuring device which is

placed between the soil support platform and a plate which in turn

is secured to the foundation. Thus, the load cell will be compressed
whenever the counterweights exceed the weight of the soil container.
The mechanical advantage of the beam is four and therefore the load
cell senses four times the weight change, if any, which is created
at the counterweight side. When soill container and counterweights
are in perfect balance the load cell is free and the circuitry is
adjusted so as‘to give a slightly negative output. This insures
that the load cell is in good contact with the platform when a

zero indication is given. The capacity of the load cell is approxi-
mately 50 kg and its indication is adjusted in the circuitry to

give exactly this readout when a 50 kg weight is taken from the

soil container after the abave-mentioned zero adjustment has been
made. By adjusting the number of 12 1/2 kg counterweights, there-
fore, the output of the load cell will always be between an
indication of zero and 50 kg.

The enclosure consists of a hermetically sealed steel container
which is sealed either by welding or by gasketing. 'Actually,hthis
container consists of 3 parts as follows. A "coffin' which encases

the weighing mechanism and through which the four soil platform

support pins and the counterweight support pin protrude. Second,

a casing for the soil container which, close to the surface, con-

forms closely to the latter so as to create an average clearance
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of less than 8 mm. This gap is bridged by means of a wary flexible
rubber seal to exclude water and moisture. Finally, a similaxr
casing surrounding the counterweights which casing extends alsc to
the surface of the soil and is provided with an access door for the
purpose of changing counterweights.

BRIEF DESCRIPTION OF THE RECORDING PART OF THE SYSTEM

The recording panel of the system consists of the following maim

parts (refer to Figure 7):

1. Power supply.

2. Input panels.

3. Digital clock and date input panel.

4. Controller.

5. Digitizer.

6. Strip chart recorder.

1, The polWwer supply provides stabilized voltages to the various compo-
nents and in particular a constant nine~volt DC supply to the icad
cells, This power is applied to the load cells at all times,

2, The input .panels are provided with contfols to regulate the power
to the load cells in such a way as to give an output caliﬁratad in
units of welght or of digits. Furthermore, the input panel contalas
the information on the equivalent weight of the counterweighté for
each lysimeter. This information is to be dialed in by hand.
Finally, the input panel connects the load cells fo the measuring
components of the digitizer when so instructed by the contrciler.

3. The digital clock and date input panel provides rumning informatiocn
on the time of day and on the datg. Furthermore, by appropriate

- 100 =~
Annual Report of the U.S. Water Conservation Laboratory



dial setting the clock will give the signal for an automatic measur-
ing cycle to start. This can be done at every multiple of 5, 10,
15, 20, 30, or 60 minutes.

The .controller causes the various phases of information retrieval
and storage to proceed in the desired manner once a start signal
has been given either manually or from the clock mentioned above.
Once started, the controller interrogates the clock for the time
information and then proceeds to interrogate the three lysimeters
as to their number, the weight of the counterweights, and the live
weight. As each bit of iInformation is obtained it is stored in a
tape by means of an automatic tape punch. All the information h
having been obtained the controller shuts itself and the remainder
of the system down after everything has been readied for the next
cycle.

The digitizer receives the signal from the load cell after the
through the lysimeter input panél. The signal from the load cell
is, first, amplified by the digitizer and then a balancing signal
is produced which corresponds to a particular angular pogition of
a ten turn potentiometer, The balance position of the shaft is
read out by means of four contact wheels for the four digits of
the number which represents the load cell output. This number
may vary from zero to 5000, each digit corresponding to 10 g.

The strip chart recorder receives its information from a trans-
mitting potentiometer which is mounted on the digitizer. This
signal is then translated into a position of the recorder slide
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wire contact snd mechanically coupled there to a print wheel
mechanism., The recorder causes the welght to be printed ocut on
the strip chart which moves a definite amount each time a switch

is made from ome channel to the next. The switching of lysimeter

channels is dene by the recorder. The Iinformation on the chart

=

of the recorder serves primarily as a visual indication to see if
all is well. Accurate evaluation of the weight wust be done by
resorting to the information stored on the tape. Thisg information
may be Llisted by means of an automatic typewriter or it can be
directly converted to IBM cards with appropriate equipment.

LYSIMETER PERFORMANCE
Lysimeter performance can be described under the following

categories:

1. Sensitivity, referring to the least weight changes that may be
detected,

2. Accuracy or calibration, referring to the agreement between trus
-and indicated weight changes.

3. 7The effect of load distribution.

4. External effects on indicated weight, primarily wind effects,

1. The sensitivity of the system proved to be considerably in excess
of the specifications, which called for a sensitivity of 5 diéitg'
or 50 grams. This aspect was studies by means of adding or taking
off swall weights such as 20=, 50~, and 100-gram balance weightse.,
It appears that the sensitivity of the system is somewhere betwsen

one and two digits or 10 or 20 grams (see Figure 8). This is
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equivalent to a sensitivity between 0.0004 and 00,0008 inch or Q.01
to 0.02 mm. The weighing lysimeters appear to be more sensitive
than any reported heretofore.

Since the end points of the calibration can be accurately set and
maintained the accuracy depends on the linearity over the rsange from
0 to 50 kg. This was examined by placing large weights on the
lysimeter after it had been zeroed in at both end points. It was
found that the largest deviation from the true weight was 60 g and
in most cases it was no more thanm 20 g. Thus, it appears rhat
accurate changes of weight will be obtained over the entire range
of the load cell. The movable counterweights having been made with
considerable precision, the foregoing statement wouidwapply to the
entire range of measurement, The true weight of the soil is less
easily ascertained owing to the fact that the permanent countar-
weights are not accurately weighed and also since the weighi of

the various components of the balance itself has not been precisely
determined. Therefore, there is probably uncertainty of about

50 kg in the total weight of the system. However, the tctal welght
itself is of no particular interest for most purposes. Rather it
is the change in weight as a result of evaporation or precipitation
which one wishes to study. M

The estimated total weights, however, were very close to the pre-
dicted total weights on the basis of the known properties of the
soil and the soil container is quite accurately known, probably to

the nearest kilogram.
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3.

I~

One of the problems in the lysimeter design was to eliminate any
effect of .changes in the load distribution as might result from
unequal extraction of moisture with regard to the center of gravity

of the lysimeter proper. Tests were carried out by moving a farily

‘large welght from one corner of the lysimeter to the other and to

the center. The change in weight caused by such changes in dis-

- tribution of weight were not larger than two digits or 20 grams

and are therefore considered insignificant.
The external effects have not been completely studied as yet.

<t

Indications are that with wind speed below 1.5 m sec © to 2.0 m
sec ~ no serious disturbance to the measured welght results. At
higher wind speeds, the system is in constant movement resulting
in an uncertainty of several digits depending on the velocity and
gustiness. It is evident that a certain amount of damping in the
system is desirable and that the sensitivity may not necessarily

be affected by the installation of additional damping. This problem

is now under consideration.

PERSONNEL: C. H. M. van Bavel, R. J. Reginato
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Figure 7. Recording console for weighing lysimeters.
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TITLE: MICROMETEOROLOGICAL 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
suitsble for machine calculations. To accomplish this, a data system
was purchased from the Datex Corporation, which is capable of recording
40 different EMF 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 MICRCMETEOROLOGICAL DATA HANDLING SYSTEM

The micrometeoroleogical data handling system (MDHS) consists of
a self-balancing potentiometer (SBP) with shaft encoder, a storage
translator, programmer, digital clock, light bank unit, four input
selector ﬁodules, 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 1.0 mv. to plus 1.0 mv.; minus 0.2 mv., to plus 2.5 mv, wiéh cold
junction compensation for copper~constantan thermocouples; and minus
2 mv. to plus 18 mv, The accuracy of the SBP 1s + 0.3 percent of full
scale or 5 microvolts, whichever 1s greater. The sensitivity is + 0.15
percent of full scale or + 2.5 microvolts, whichever is greater. The
full traverse and balance time is less than one second,
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The sheft encoder has 2000 positions and is capable of translating
the shaft position into a digital signal with an aeguracy of + one-half
digit in 2000.

The over-all accuracy of the SBP and encoder amounts to six microe
volts on the + 1 mv. range. The accuracy of the system in terms of tem-
perature measured with a2 single copper-constantan thermocouple is + oold%g
the accuracy in terms of solar radlation measured with an Eppley
pyrheliometer is + 0.007 langley minal, and the accuracy in terms of
net radiation measured with a single miniature net radiometer is + 0.03
langley minml,

The translator (Fig. 1,I) translates the encoder data into 4~digit
decimal form which is displayed in the light bank unit (Fig, 1,C).

Each of the four input selector modules (Fig. 1,E,F,G, and H)
provides facilities to automatically or manually select any of its ten
input channels. The wodules contain a dial indicator to display the
point that has been selected, 1In addition, each module contains a by-pass
swiltch se tha£ the module may be by-passed from the data recording cyecle.
With the by-pass switches, the number of input variables to be recorded
may be selected in groupa of ten.

The programmer (Fig., 1,D) controls the advancing of the input
selector module, storage and clearing of encoder data, and will sequen-
tially present the digital data in a specified format for print-out.

Any one of the 40 channels may be programmed to any of the 3 ranges by

a plygboard arrgngement.
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The MDHS centains a digital clock (Fig. 1,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,C) was made to the Datex System to facilitate
the recording of wind speed. This addition consisted of six electro=-
magnetic counters mounted in a relay rack. The Veeder-Root electro-
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 interconnection, the action of the counters (which are visually
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 beilng used.

The 6 VDC current for the counters is supplied 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 simultaneously, as selected., The punch paper tape format is
046-047 and can be readily converted to IBM cards,

The record cycle can be initiated automatically or manually as
selected and any single channel may be manually displayed or recorded,
When the record cycle i1s initiated, the MDHS will first record the date-
time group (month, day, hours and minutes); then will sequentially
record the point identification and magnitude of each of the 40
channels, in groups of 10 as selected, and will record the 6 electro~
magnetic counters. The éhanmels are interrogated zt the rate of one
per second, while the complete recording cycle is completed in ome
minute. A sample of the print-out of 40 channels and 5 counters is
showvn in Figure 3, The 40 channels are printed in terms of 2000 counts
full scale and must be referred to the proper range for EMF or temper-
ature value. (i.e., channels 02 and 09, 01261600C, iﬁdicate zexo EMF
on the + 1 my, and -2 to +18 mv. ranges, respectively, while channel
06 is indicating the system temperature of 84.1° ¥,)

INPUT CABLE AREANGEMENT

The micrometeorological observations will be made in the experimental
field approximately 250 feet from the building in which the data system
iz installed. Four cables, buriled at a 4-foot level, are used to conduct
the signal to the system. The cables consist of: one 15-pair shielded
thermocouple cable; two l6-~pair copper wire cables with each pair
individually shielded; and one 26-pailr shielded copper wire cable. The
cables with the exceptlon of the thermocouple cable are terminated in
junction boxes utilizing Cinch-Jones terminal strips. The thermo-
couple cable is terminated in a junction box in the experimental field
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utilizing three 5-thermocouple panelis. The other end of the thermo-
couple cable is attached directly to the input selector modules,
SUMMARY

The MDHS is a system that (1) can efficiently transform various
inputs into punch tape or data sheets, (2) is very flexible with regard
to the number and magnitude of inputs fo be recorded, and (3) seems to
require very little maintenance to maintain an operational status.

PERSONNEL: L., J, Fritschen and C.H.M. wvan Bavel.
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Counter system.

Figure 2.
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01261600 01 Q996 02 1001 03 1000 O4 0997 05 0994 06 1002 07 0197 08 0196 09 0198 10
01261600 11 1138 12 1132 13 1000 14 1002 15 1002 16 1001 17 1001 18 1001 19 1000 20
01261600 21 0554 22 0546 23 0539 24 0533 25 0527 260521 27 0515 28 0509 29 0505 30
01261600 31 0492 32 0486 33 0198 34 0198 35 0198 36 0197 37 0198 38 0198 39 0197 Lo
01261600 41 2260 42 1693 43 2250 Ll 2296 45 2355

01261700 01 0996 02 1006 03 1002 Ok 1000 05 1001 06 1003 O7 0198 08 0194 09 0198 10
01261700 11 1156 12 1152 13 1002 14 1002 15 1000 16 1002 17 1001 18 1002 19 1006 20
01261700 21 0513 22 0506 23 0499 2k 0492 25 O4BL 26 OLT8 27 o722 28 0466 29 OU59 30
01261700 31 Oi47 32 o4kl 33 0198 34 0198 35 0197 36 0198 37 0190 38 0197 39 0197 4O
01261700 41 1007 42 0699 43 1036 Lk 1058 45 1109

01261800 01 1006 02 0995 03 1005 O4 100% 05 1004 06 1008 O7 0198 08 0193 09 0198 10
01261800 11 1204 12 1196 13 1008 14 1006 15 1006 16 1005 17 1005 18 1005 19 1004 20
01261800 21 0585 22 0577 23 0570 2k 0564 25 0556 26 0552 27 0546 28 0539 29 0534 30
01261800 31 0521 32 0516 33 0188 34 0198 35 0198 36 0198 37 0189 38 0197 39 0197 ko
01261800 41 1271 42 0935 43 1278 44 1325 45 1302

Filgure 3. Sample print-out of the micrometeorological data~handling system.
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TITLE: DEVELOPMENT AND TESTING OF METHODS TO MEASURE THE MOISTURE
CONTENT OF THE AIR IN ARID CLIMATES.

LINE PROJECT: SWC cl3~1

INTRODUCTION

In conjunctior with 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 ofzsome kind or other. 1In 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 théﬁ they
should be.

4, In view of the large depression of the wet builh with regard to the
dry bulb there is a considerable flow of heat from the warmér
parts of the equipment to the wet bulb itself through the thermom-

eter stem or through the wire if a thermocouple or thermistdr is
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being used. This may not be an important factor if the precision
of measurement is of the order of cme degree but if, for example,
a precision of measurement of .01 degree is required, as is the
case in accurate profile studies, the conduction of heat to the
wet bulb becomes a serious problem.

In view of the above it was decided ordinary wet and dry bulb
thermometry would not be satisfactory for the purpose at hand and during
1960 several ingquiries were mgde into other types of equipment that
might be suitable for the purﬁcse of measuring the air humidity
profile. The following methods were looked into:

1. Analysis of the air at a remote location by means of an infrared
analyzer,

2, Measurement of the relative humidity of the air at a remote location
by means of lithium chloride resistance elements.

3. Measurement of the absclute humidity of the air by means of wet and
dry bulb psychrometry at a remote location and at a controlled
temperature.

INFRARED ANALYZER

Measurement of the moisture content of a gas, including alr, may
be done by means of the absorption of infrared radiaticn by the pas
mixture. To this end an infrared gas analyzer was obtained £rom Mine
Safety Appliances Company (Lira Model 200). In this instrument the
gas mixture is being passed through a small cell with calcium fluoride
windows. The attenuation of a beam of infrared radiation emitted by a
glowing hot wire is being measured by comparing it with a standard
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beam. The instrument procured had a range from zero to 3 percent water
vapor by volume. This would correspond to a range of zero to approxi-
mately 30 millibars of water vapor pressure.

The instrument has a rated accuracy of about 2 percent, which in
itself is not sufficient to distinguish between moisture content at
different elevations in a profile study. Since the instrument does not
‘provide an absolute measurement it must be calibrated by passing a
completely dry gas and a gas of known vapor content through the analvzer
at repeated occasions. It was found that the zeroc adjustment could be
reproduced reasonably well although it took a considerable amount of
time before the last traces of moisture were swept out of the apparatus
and the associated tubing. The zero setting was found to be stable
with time and therefore the adjustment was considered to be no problem.

A different experience was had with regard to the adjustment of
the span., In the first place it is difficult to prepare a flowing
mixture of water vapor and air of known composition with a precision
of, say 0,3 mb water vapor pressure. It was found that the span
adjustment could not be replicated from one run to the next in spite
of extreme precautions with regard to the opefation of the equipment.
These included working in a constant temperature room, desiccation of
the cabinet interior, use of copper tubing throughout, and so forth.

It was decided that this equipment could not be used in any long
time studies of moisture content of air where it is of the first
‘importance that the measuring equipment itself is stable with tiwme
and can be verified without excessive difficulty.
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LITHIUM CHLORIDE RESISTANGE ELEMENTS

An investigation was conducted of the suitability of lithium
chloride resistance cells as available from American Instrument Company
for the purpose of measuring the relative humidity of air at remote
locations. Obvious advantages of lithium chloride resistance cells
are a relatively low cost, small size, and simplicity in operatiom.

It was found by laboratory tests and field checks that narrow-range
(span of 10 to 15% relative humidity) elements performed quite well
within the specifications furnished. They can, therefore, be used tc
measure the changes in the relative humidity of the air to, perhaps,
the nearest 1/2 percent. This precision, however, would not be
considered suitable for moisture profile work. Attempts to calibrate
commercially available lithium chloride resistance elements more
precisely have not been successful, This is owing to slow changes

or drift in the element output, presumably related to the diffusion
of water in and out of the this layer of lithium chloride solution,
and to the above-mentioned difficulty of preparing water-air mixtures
of precisely known composition.

On the basis of these tests it was concluded that lithium chloride
elements can be useful in establishing the gross value of relative
humidity and for the purpose of following such changes with time&when
fluctuations are rapid. It was found that the time constant of these
elements was of the order of 0.4 minute provided the wventilation rates
were high enough. If wventilation rate is limiting the time constant
may go up as high as 1 1/2 minutes. On the other hand, for accurate
profile work it does not seem as if lithium chloride elements have

sufficient precision.
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PRECISION PSYCHROMETRY

| In view of the foregoing it was decided to go back to the time-
honored wet and dry bulb psychrometry since, in this case, a theoretical
relationship predicts the relative humidity from the observed values
and it 1s not necessary to resort to calibration.

Sémewhat similar to proposals made by others in the past, the
measurement of the wet and dry bulb temperatures is made by means of
fine thermocouples, the output of which can be measured and recorded
without difficulty. An important change over previously used techniques
is that present plans are to sample the air by means of a sgmpling tube
and thermostating the air within .01 degree at a known temperature. In
this way the relative humidity may be increased by cooling the air to
a value where the problems encountered with psychrometry in the open
are eliminated. Apparatus for carrying out these studies is now under
construction and no reportvcan be made on the suitability of the
equipment now being designed.

There is a distinct advantage in sampling the air by means of
aspiration tubes., When measurements are made of moisture content of
the air at a particular point, one encounters extreme fluctuation over
very short periods of time. In the usual mass trahsfer approach one
is not interested in these fluctuations but rather in an averagé
pertaining to periods of time of 5 or 10 minutes or more. By sampling
‘the air and mixing it in a suitable container the averaging is done
mechanically and a simple measurement on the mixture provides the
estimate of the average moisture content of the air which one is
looking for.

PERSONNEL: C. H. M. van Bavel, R. J. Reginato
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TITLE: THE MEASUREMENT OF WATER TRANSPORT IN COMPLEX TUBES WITH
SPECIFIC A?PLICATION TO THE ASSESSMENT OF SOIL-WATER LOSSES
BY TRANSPIRATION

LINE PROJECT NO.: SWC «l3-1 CODE NO.: Ariz,-WCL-53

INTRODUCTION

The objective of this project is to develop a rapld, non=destructive
methed of mezsuring wster transpert in plants for the purposes of
assessing soll-water losses that are a result of plant transpiration,

A direct and rapid method of measuring water transport, and
therefore tramsplration in plants, which does not interfere with the
plant enviromment nor is destructive to the plant, is needed to enable
separate assessment of evaporation and transpiraticn processes, and
hence contribute to a better understanding of the evapo=transpiration
phenomenon.

Attempts have been made to measure transpiration of plants by
covering the seoil with plastic, with the plante protrudiag from holes
in the plastic. This procedure disturbs the microclimate and, in some
cases, does not completely stop evaporation. Beth factors could ceause
errors in the transpiration measurements, Decker and Wetzel (1957)
presented an improved vepor-production method of measuring transpiration.
This method involves covering the plant or plants and measuring changes
in relative humidity.

The thermoelectric method offers promise of determining water
transport in plants without disturbing the plant environment. This
method has been used by Bloodworth, et al.(1955, 1956), on cotton plants
and by Marshall (1958) on conifers to determine the velocity of sa?
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flow through plant stems. Their results have shown that data obtained
by the thermoelectric method are imdicative of transpiration rates.
Marshall {1958} has shown that the time of maximum temperature rise at
a known distance from the heater is not necessarily indicative of the
sap velocity, as was assumed by Bloodworth, et al. Marshall cbtained
a mathematicsal expression for the sap welocity which included diffusion
effects by assuming certain boundary conditions. His mathematical
treatment is interesting and pertinent but is wvalid only on conifers
and using his technique.
METHOD

Previously, the heat source for the thermoelectric method has been
resistance wire, The wire was either wrapped partly or all around the
stem or inserted as a probe intc the stem., The present investigation
proposes using a radio-frequency generaztor as a heat source. This will
allow a thin cross section to be heated almost instantaneously and
uniformly throughout, essentially creating an instantaneous plane source
of heat, which considerably simplifies the mathematical boundary
conditions,
PROGRESS

The work performed to date has been the procurement and assembly
of equipment and supplies, calibratien of thermistors, selection of
matched pairs of thermistors, and a theoretical development of heat
flow in a moving medium. Since the project has just recently been
initiated, no experimental work has been performed; hence, only some
theoretical developments will be given in this report.

When mathematics 1s wsed to describe phenomena in biclogical
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systems, wany simplifying assumptions must be made in order to meke the
methematics tractable., In many cases, such assumptions are not oo
restricting and mathematiles can be used fo describe some systems quite
well. The case of measuring the veloeity of liquid moving in 2 pipe,
or the more complex case of sap flow in a plant stem, by introducing
heat at one point or plane and meazsuring the temperature rise at a
peint a given distance away, can be treated by the theory of wmoving
sources of heat,

Consider a tube éhrough which liquid is moving with velecity U.
If an instantaneous plane source of strength Q is created at the plane
® = 0 (trhe x coordinate is parallel to the flow), then the temperature

distribution is given by

v = _,_MJLW expl-(x - Ut)2/4kt] s (1]
2{mkt}™" "

where v is the temperature, k the thermel diffusivity of the liquid,
t the time, U the veloclity, x the distance coordinate,

If U # 0, then the heat pulse will move along the x axis, the
direction depending upon the sign of U. At a given x the temperature
will vige to & maximum and subsequently, decrease., The time at which
this maximum occurs is found by differentiating equation [1] with
raspect to time and equating the result to zero., The resulting
expression allows the veloeity of flow to be caleulated 1f the time
of maximum temperature vise tm is known. The expression is
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1 2
. - r
U " (x Zktm) [2]

m

1f the effective cross-secticnal area A of the flow tube is known,

the quantity of flow per unit time Q is

Q=40 =20 - e )2 (3]
m

Equations [2] and [3] show that the effect of thermal diffusion
cannot be neglected, especially at low velocities and short distances
from the heat source.

Another way of obtaining the velocity of flow 1s by measuring the
temperature at two points equidistant from the heat source, one upstream
and one downstream, say at x and -x. The temperature difference at time

t is then
m

Avl =z wmgm-——-—i_/—?z@xp[w(x - Utl)z/ﬁktl] - exp[»(”x - Utl)z/hktlﬁ

Z(ﬂktl)
= ~—“Q“*I7§ exp[-(x2+ U2t12)/4kt1] sinh %% . (4]
(nkt,)

A similar expression is obtained for time t The temperature

9°

difference at time ty is divided by the difference at t, to obtain
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FAN 4

1 1/2 2 2. 2 A 2 2
T !m , 14 forCs 770 Iy
jvz (tz/t1) exp (x"™+ U tl Ykt + (x4 U ty Y &kt 1

or
i oo (B) | < e e i 1
sz t2 2 1 tz tl

Consequently, the velecity is

1/2 ,

Y RS i %2
R ECRICE B AR Y T t.t .

2™ By 2 \Fy 152

Equation [7] has an advantage over equation [2] in that the

, [5]

[6]

[71

temperature differences can be obtained at three or four times; hence,

two simultaneous equations can be solved for both U and k. In equation

[2], k must be obtained from another source.

The above development is applicable to bundles of wvery thin-walled

tubes within which fluid is moving. If a cross section of a conifer was

heated with a dielectric heating apparatus and temperature Sensors were

located within the tracheids (see Marshall 1958), equatioms [1]

through [7] are applicable.

For the case of heating a plant stem dielectrically and measuring

the time of maximum temperature rise at a2 point on the ocuter portion of

the stem, another approach may be used. This development accounts for

the diffusion of heat through the bark of the stem as well as diffusion

in the water.
~ 130 =
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Assume that the radius of a plant stem is sufficiently large so
that the zylem tissue, although in the form of 2 cylindrical shell,
can be represented a2z a plane. Assign the coordinates x and z to the
plane, and the diffusivity k to the water comstituting the substance
of the plane. Add the third dimension y by placing wood of diffusivity
kz to both sides of the very thin xylem represemted by the =, z plane.
Within the xylem, at x = 0, let an instantaneous line source of heat
be generated. If the water in the xylem is flowing with uniform
velocity U in the x direction, then the temperature distribution can

be represented by

v L7 e {7k R AR I (8]
ot Ge ey M LR 2] |

vwhere k1 is the thermal diffusivity of water, k, the thermal diffusivity

2
of woed, and y is the thickness of the bark.

One assumption made in using equation [8] to describe the flow of
heat generated within the sap stream is that the line source moves
through the water without the water itself moving. A more realistic,
but mathematically intractable, model would be a very thinm cylindrical
surface moving with a velocity U, and at t = 0, the cilrcumference at
x = 0 1s instantaneously heated. The magnitude of the error caused
by this assumption, and hence, the validity of equation [8] will be
approached experimentally. Assuming equation [8] is valid, differen-

tiating with respect to time and equating the result to zero ylelds
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the velocity

1/2
U = -%; E<2+ yz(kl/kz) - 4k1tm] [9]

Equation [9] contains two factors which account for diffusion of
heat (a) outward through the bark and inward towards the center
[yz(kl/kz)], and (b) within the moving water (—4k1tm)a In cases where
x 1s large and tIn is small, these factors become less significant.

A recent paper by Ladefoged (1960) presented data which allows a
partial check to be made on the above theory. Ladefoged used an
apparatus similar to the one proposed for this 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 Ladefoged's
Figure 6. The constant A in equation [3] was arbitrarily chosen to
facilitate comparison of the experimental énd theoretical data. Tﬁié
constant shifts the ordinate and changes the slope, but does not alter
the inverse relationship. 1In this comparison, the difference between
the curve calculated using equation [3] and the simple expression
U= x/tm would be small because x is much larger than the term -Zktmo
Ladefoged stated that his data indicated an inverse relationship )
between velocity and time of maximum temperature rise, but he did not
elaborate. Equation [2] predicts this inverse. Equation [9] was not
used in the calculations because data for the term yz(kl/kz) were not
available from his paper. It can be implied from Figure 1 that a

theoretical interpretation of the sap flow phenomena may be sueccessful.
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Time of maximum temperature rise (min.)
Figure A comparison of Ladefoged's experimental data

of the quantity of sap flow in a sycamore and
a theoretical curve.
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TITLE: DESCRIPTION AND EVALUATION OF THE CONTROLLED-ENVIRONMEWT ROOM

LINE PROJECT: SWC cl3=-1

The Laboratory has a spacious plant-growth room equipped to maia-
tain -several environmental factors under precise control. This will
facilitate meagurements of the transpirational losses of goll water
under & specified combination of environmental varlables. Room number
145, 20 feet long by 9 feet wide, has a two~-tiered; solid bank of
fluorescent lights 10 feet above the floor, with 2 feet of space above
the lights. One foot below the lights a transparent panel made of 5

mi

=

"weatherable Mylar' divides the room into upper and lower chambers.
The upper plenum, coeled by two S-ton refrigeration units, removes the
heat output of the 116 8-foot "Powergroove" fluorescent lamps &nd thelr
ballast units, This arrangement facilitates termperature contrel of the
lower chamber and maintains the alr temperature surrounding the lamps
at .the optimum value, but at the expense of about 13% of the light
intensity, due to absorptiom by the "Mylar",

To provide for a pessible experimental requirement of graded Light
intensities, a dimming circuit permits certain banks of 1light to be
turned off, the omitted lights being uniformly spaced over the whole
areg. Light Intensity measurements were made in the growth room at 25
points In a grid pattern, by‘use of both a Weston light meter &né an
Eépley pyrheliometer, At 5 feet above the flocor the Iintensity, with
one~half the lights on, alternately, was 1200 + 100 foot=-candles; or

0l15 4 0.025 gram cal. cm-zmin.-l, dropping significantly below this

only at the corners of the room. At 3 feet above the floor, the

= 135 -
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intensity decreased about 200 foot-candles. With all the Light

intenslty was doubled, reaching about 2200 foot-candles at the

level, and greater values nearer the lLights,

[

Eight 300~-watt Mazda bulbs in the ceilling of the room supplement

light in the far red end of the spectrum, in which fluorescent lampe
are deficient, The gquality of the combimned light sources will be evalu-

ated by meang of a special set of apectral transmittance filtersg covering

the visible range. Duration of photoperiod can be controlled by a clock,

In the upper plenum poor distribution of the air stream fLrom the

”‘i

refrigeration units necessitated Installation of a Masonite baffle trhe
full tength of the chamber, and placement of diffusers at the mouth of
the alr duects. The object of these modifications was to maintain a

fency of Eluorescent

uniform 70° F., at which alr temperature the efflc
Light output 1s greatest.

Another difficulty that appeared was the great heat accumulaltion
in the room adjacent to Room 145, where most of the equipment necessary
for envirommental control is located. The reactor unit, which comverts
60 cycles to the 360 cycles needed by the fluorescent lights, was coouled
inadequately by a fan. Overheating caused stoppage of operations after
four hours., A refrigeration unit has been installed to prevent over-
heating. At the same time, insulation was applied to the walls to
minimize the strident noise that comes from the reactor durlag its
opevration,

4 recorder-controller apparatus enables one to designate a gilven
alr temperature to be maintained in the lower chamber of the plant=

. o :
growth zoom, with + 1~ F. tolerance. Setting of wet and dry bulb
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values, to develop a specified relative humidity, also is accomplished
at the recordev~controller panel.

Both refrigeration and steam-heating colls are uased to control the
temperature of the air that ig ducted into the room. Live steam builds
up high humidity, whereas low humidity is brought about by removal of
vapor through condensation, and, at very low levels, by means of &
chemical dryer, Alr enters through vents ewxtending the full length of
the room at the bottom, and returns through wents along the top of the
same side., The equipment is designed to maintain & room temperature of

:ble of

.0 ~0 , "
57 Co to 40 C., at a specified relative humidity; or it is caj

©

operating at any selected temperature between 20° ¢, and 40° ¢, at a
relative humidity ranging from 5% to 95%. A chemical dryer, emploving
a dessicant, is used over the low humidity wrange by manual control of
a awitch., In general, the controls are pneumatic. Room Lemperature is

sensed by a liguid-~in-metal type bulb. The pressure seused I
is compared to the control setting. Deviations from the control setting
result in ailr pressures that, im turm, control the opening of & steam
valve by proportionate amounts, while & refrigeratlon coil ls running
continuously. A greater or lesser rate of heat output by the steam coil

2

controls the temperature at the desived point, Humildity comntrol above

'!

the dewpoint of the refrigerant coll is achleved by injecting steam in

quantities just sufficient to balance condensation atf the constantly
operative refrigerant coil. Below the coll dewpoint, lwmidity is con-

trolled by on/off operation of the chemical dryer,
Tests of the room have shown it to be capable of maintaining a
stable temperature at numerous ceombinations of wet and dry bulb settings,
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but not encugh points have bsen covered to draw a

There has been some difficulty ian reaching the extrs Low range of

igeration wnits

iy

\:50

relative humidity. Therefore, the refy

tightly with 2 waterproofing compound, and water traps

o

in the condensate lines In an effort to eliminate entrance of water

wapor Co the plant-growth room from the upper plenum,

Although several alr changes per minute occur in the room, the

whole system of room and alr ducts is closed to the «

phere, This brings up the matter of adequacy of carbon dicxide for

plant growth. At present a Mine Bafety Appl
snalyzer ls being modified to detect carbon dioxide rather then water
vapox, $o that the air in the growth room can be monitored. If necese

sary, carbon dioxide will be added to the alr stream.

A

e

current research project, designed to study water uptake at

¥

ool Le

low soll temperatures, requl DELH

tures. &ccordingly, eguipment has been designed that will mske

possible even more comprehensive control of the environme

1 bl

ks are belag lnstell

growth room two insulated tan led which

water baths capable of belng maintained at a given root temperature

o 0 . o
from 5 to 25  C., with + 1~ C. accuracy.

PERSONNEL: W, Bhrler and C, Ho M. van Bavel
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TITLE: UTILIZATION OF LIMITED WATER SUPPLIES FOR THE GREATEST
ECONOMIC RETURN IN THE IRRIGATICON OF COTTON

LINE PROJECT:

LOCATION:

SWG ¢l13-2

CODE NO.: Arizona {(ph=2)

o

University of Arizonma Cotton Center, 44th and Broadway,
Phoenix,Arizona

PERSONNEL INVOLVED: Leomard J

. Erie, Kaxl Harrvis, and Fred French

"DATE OF INITIATION: 1947. REVISED: 1957, 1958, 1959, and 1960

GOOPERATION:

OBJECTIVES:

{See previous annual report)

(See previous annual report)

NEED FOR STUDY: (See previous

DESIGN CF EXPERIMENT:

annual report)

Loug and short staple cottom was planted in four~row plets, five

replications, and was given four irrigation treatments. One hundred

pounds of actual nitrogen was applied before planting time, April 2,

1960, Six side-dressing treatments were initiated om irrigaticn treat-

ment no. 3, along with three top-dressing treatments and a count-blossom-

only and check plot.

No. 2

No. 3

Ne. 4

5

8

i

Irriga

tion Treatments

Irrigate when 85%
top three feet of
Irrigate when 75%
Irrigate when 65%

Irrigate when 55%

of available water has been used from
root zone.

used.

used,

or less is used.
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Approximately 70,000 blossoms were tagged and thelr

Two rows, each 300 feet long, were picked twice for

all lomg and ghort staple irrigationm plots.

for the 1959 Cotton Study were completed by the Unlversity of Arizons.
EXPERIMENTAL DATA AND OBSERVATLONS:

Cotton=quality measurements for the 1959 cotton sam

by the University of Arizona this summer. They are not
of thelr voluminous nature, but are discussed im ltem L undexr

The measurements were made on fibe

percent, Lint index, seed index, seeds

=r boll, and bolls per pound.

Tield Acala 44 - 1960 Lbs, Lint per Plot® (Bulk)
Trto Replications , Lint ¥ield
1 2 3 4 5 Mean Lb/Acre
1 57.17 46,62 52,08 44,01 42,39 48 .45 1055,2
2 1.89 60.40 63.45 50,09 46,50 56.49 1230.4
3 64,18 57,30 57.60 48,15 48,57 355,16 1201.%4
4 63.83 63.48 68.16 53.74 54,48 60,74 1323.0

%Each plot represents 600 lineal fest of row.

Sig. 1%

L8D L% =
5%

b
[SSRES
?
o]
[/

i
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Yield Pima §-1 - 1980 Lbs. Lint
Tt Replications
1 2 3 & 5 Mean Lb/hcre
1 31.93 32,90 33,21 28,89 2.94 31,9 696.3
2. 30,71 31.00 35,36 32,61 33.24 32,58 7092.6
3 29.40  35.92 30.97  3l.82 28.50 31.28 681.3
4 31.28 34.40 38.80 38.49 34,48 35.49 774

s 1%

1%

o b

5%

2 ag

o
€ ws gx

= 4,19
= 2,99

d Acala

sach plot represents

600 lineal feet of

Yield 44 - 1960 Gms
Trt, ‘Replications Mean
1 2 3 4 5
1 1704 .4 1758.7 11% .3 15%3.0 15%0.9 1568.2¢
2 1498.0 1888.2 1436.3 1413.2 1840.% 1615.26

L
[
o
[yl
[
e

[

& 1597.8

14956

1375.2

No significance

Yield Pima §-1

- 1960

1430.0

1746.0

2040.6 183L.53

1768.2  1838.7

E«w't

Trt.

Replications

2

3

1 1055.9

2 1156.5

3 11i8.7

4 1178.¢6

946.2

1152.3

285.2

1135.5

Significance 5%

18D = 122.5

769.5

1076.2

1164.9
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Consumptive-use and soil-moisture percentage <ury
for all short staple irrigation treatments and on treatments one and
three in the long staple. Treatment three most nearly repressnts
optimum production. Figures 1 and 2 show the conditions under which

treatment three produced.

Total blossoms and bolls are shown in the following tables,

tables show the treatments that can be compared.

2
Sy

<>
L

Bloggom and Boll Summation for Irrigation Treatments up to Sept. 17% (88

Treatment  Total Blossoms Total Bolls  Av.Wt./Boll  Efflciency

1 436 12560 5.91 36.7

2 4023 1291 6.06 32.1

[ 3]
I~
Lo
et
°

0

3979 1265 6.2

4 3417 1275 6o3]

(93]
fed
[¥¥]
s f
°

[£%)

#Treatment 3 had a heavy after-September 17 set,

Blossom and Boll Summation

For Irrigation Trestment Three on Tacgine Techmiques (88)

i
Treatment Total Blossoms Total Bolls Av.Wt./Boll Efficlency

34 3979 1265 6.24 31.8
3B 3925 1451 6.12 37.0

1390 5,22

{2
9]
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Blossom and Boll Summation

Pertilizers on Irrication Treatment Three ($5)

Treatment Total Blossoms Total Bolls  Av.Wt./Boll  Efficiency
3A 3979 1265 6.24 31.8
31 4200 1265 8,33 30.1
32 4446 1282 6.35 28.8
33 4559 1346 6.30 29.5
34 4047 1226 6.33 30.3
35 4358 1333 6,26 30.6
36 4540 1320 6.33 29.1
D 4190 1287 6.37 30.7
3E 4122 1240 6044 30.1
3F 4253 1339 6.23 31.5

o7 ]
s

Blossom and Boll Summation for Irrvigation Trestwents wup to Sept. 17 (

[

Treatment Total Blossoms Total Bolls  Av.Wt,/Boll Efficiency

1 3159 2078 2.28 65.8
2 3298 2153 2054 65.3
3 3391 2036 2,68 60,0
4 3423 2006 2,568 | 58.6

Blossom and Boll Suwmmaiion

For Irrigation Treatment Three on Tagzine Techniques (L§)

ot

Treatment  Total Blogsoms  Total Bolls  Av.Wt./Boll  Efficienéy
&

34 3391 2036 2.6% 0.0
3B 3242 1908 2.80 58,9
3¢ 1946 2,73
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63%=used irrigation schedule treatment 3 and 4, Figure 5

accumulative blossom and boll data for i:

Figures 3 and 4 represent the blossom and boll phens

rigation treatments on short

F«

staple cotton,

COMMENTS AND INTERPRETATIONS:

Liant-quality data for the 1959 crop.

:5-6

ch

e

Fiber strength on short staple secems to decrzase when plants are in

a high bolleproducing period. trength decreased toward the eand of

the growing seascun in 1958 but did not follow this trend im 125%,

long staple strength was highest in the wetter treatments with the

strongest fibers being produced in September.

Fiber length is short on early and Late bolls of short staple cott

Considerable wariability exists throughout the seasom, but seemin
not connected with irrigations. On long staple, the wetter treat-
ments indicated better fiber length. Inferior leagth exists fia
bolls produced in June and the latter two weeks of the growling

SEa80n,

%

‘iber fineness on short staple averaged about &,5 during the major

producing periods. Long staple fibers became coarser as the year
progressed until the middle of August, them decreased to very fine
by the middle of September. The dryest treatments showed a t trend
of being coarser.

Lint percent on short staple seems to be very desirable during

high frvuiting periods. It appears to be best on high melsture

treatments, especially late ia the growing sezson. Long stag
was inverse to short in that low linting perlods were assoclated

« 145 -
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with peak frulting perlods. Lint perceat decreased wntil the first

of August, then increased to a maximum by the end of the gro

S€880MN.

Lint indexes were similar to 1938 data. On long staple, the dryer

treatment had the highest Index.
Seed index was simllar to 1858 data,.

Seeds per boll were lowest on short staple on the dryer treatments.

0ll increased asz the season progressed, The long
& - r?

2
o

The seeds pe

Bolls per pound. Bolls increased in size as the year progressed

until September 1. 1t had smaller bolls. On loag

he wet treatments

©
e
Y
¥
{!

A"
et

Tield results showed significance between the dryest treatment (L)

and the othexrs. Treatments that we thought wexe optimum, pe

‘e

&g expected. The optimum producers were irrigated when about 63%
of the availlable water im the top three feet was used,

Blossem and boll data again polnt out that i1f a cotton plant ig
given optimum care during part of the yearx, it can make up for
poor=care periods. It would seem the plant has the ability to
produce only a certain amount of frult for a particular vear,
Irrigations m@y’alter these blossoming and fruiting perilods,

Plants treated in such & way as to produce

to make up for this by better efficiency in set., The wetter Lrest-

ments have larger bolls in both long and short staple

- 146 -
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25.

204FC
: «
T =
mUJ
o 65%
5
104
5
- WP

* Nos. Indicate Sampling Depths

Irrigatidns -@% ? )
54 ! )

APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTORER NOVEMBER
5 GROWING SEASON
Figure l. Seil Moisture Percentage Short Staple Cotten 1960, Tre., 3.
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NUMBERS OF BLOSSOMS AND BOLLS
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l«.& Irrigations

]
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- 181-
NUMBER OF BLOSSOMS  AND BOLLS

150
125
L.S Irrigations
100

75.

304

Figure 4. Blossom and Boll Count Short Staple, Trt. 1. - 1960

TAGGING SEASON
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TITLE: TIRRIGATION SCHEDULES FOR SORGHUM PRODUCTLON

LINE PROJECT: SWC cl3-2 CODE NOo.: Avizona phed
LOCATION: University of Arizoma, Mesa Experlment Farm

PERSONNEL INVOLVED: Leonard J. Erie and Fred Fremch

DATE OF INLTIATION: 1956

OBJECTIVES: See Annual Repoxt 1938,

ﬁ..
o

NEED FOR STUDY: The width between rows of sorghum L in bore

N
:—‘
a
[=1

N

has been reduced by farmer practlice from 40 inches to
20 inches. Irrigation schedules from previous years
were utilized to see 1f they would be adequate umnder
the new planting scheme,

DESIGN OF EXPERIMENT:

Four of the original irrigation treatments used in 1938 were
utilized this year, these belng treatment C, D, E, and G. Treatment
M was initiated on which the sorghum was irrigated when 60% of the
avallable water had been depleted from the second fuok. Each of the

3

f,'h

wve treatments was replicated five times.

-

Two varietles, RS=610 and DD=38, were planted on each of the 2

Lai

borders used for measurements, with 2 borders used as buffesrs. Oue
hundred pounds of ammonium solphate wers applied befors plowlng wunder
of wheat stubble. A heavy pre-planting irrigation was given about

10 days before planting.
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IRRIGATION SCHEDULES

Trt. Fhug, 3 Aug, 17 Sept, 2 Sapte 8 Sept. 17

G x % pd % =
D b x # ;8

E ® % %

G b3 X

M b3 b ®

®hugust 3 irrigation was gilven essentially to coatzol
COL DOTer.

o b 2 v
estation o

EXPERIMENTAL DATA:

MEAN YIELDS POUNDS PER ACRE
Treatment DD=38 RS=610

C 4190 &700

E 4360 &
G 3950 4385
M 36690 4280

COMMERNTS AND INTERPRETATIONS:

1o 7The analysis of variance showed no signifilcance in yileld

per head, but it did show signilficance In welight per 500 seceds.
Treatment "E" (three irrigations) was the highest yielder;, as in

previous years., Increasing lrrigations over three (Lreatment £

and D), did not increase yileld. Decreasing lxvigations by one
(treatment G), decreased yleld by about 400 pounds per acrea.

&

=]

2. Consumptive use for 1960 was similar to previous years (L

58) when sorghum was planted Lun 40-lnch rows. Vields on 20-
= 154
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xows (1960) were similar to those for previous vears. This lack of
yield increase was not expected in view of results obtained in past
studies by other researchers.

The soll moisture percentage graph shows the second and third
izrigations were given when the =oll was still quite wet. 7This
condition indicates need for better guides—other than the
calendar=to irrigate by in order that the most beneficisl results

may be obtained per unlt of water (see Filgure 1).
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TITLE: CONSUMPTIVE USE OF WATER BY CROPS IN ARIZONA
LINE PRCJECT: SWGC Cl3-3 CODE NO.: Arizona ph-8
LOCATION: Varicus locations throughout the State of Arigzona
PERSONNEL INVOLVED: Leonard J, Erie, Karl Harris, and Fred Frerch
DATE OF INITIATION: 1959
OBJECTIVES: See Annual Report 1959.
NEED FOR STUDY: See Annual Report 1959.
DESIGN OF EXPERIMENT: See Annual Report 1959.
1., Procedure:
Consumptive~use measurements were made at the following
locations in 1960.

a) Wheat - Mesa Experiment Farm

b)Y Cotton - Cotton Research Center

¢) Guar - Mesa Experiment Farm

d) Safflower - Mesa Experiment Farm

e) Sorghum - Mesa Experiment Farm

f) Blue Panicum = Mesa Experiment Farm
g) Bermuda Grass - Mesa Experiment Farm

h) Cole Crops (Cabbage, Broccoli, Cauliflower) = Mesa
Experiment Farm

1) Cantaloupes - Mesa Experiment Farm

j) Other vegetables (Onions, Carrots) = Mesa Experiment Farm
EXPERIMENTAL DATA AND OBSERVATIONS:

On cole crops——cabbage, brocceli, cauliflower, and carr@tSn;
frequent early irrigations were given to cobtain stands. Unusually
heavy rains occeurred the last of October. Because of thils, it can be
expected that calculations for seasonal consumptive use and the filrst
foot of profile use would be high. The caleculations for seasonal use
can be expected to be sbout four inches too high.
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15-Day-Interval Use and "K' Values for Various Crops in Arizoma - 1960

Cotton Wheat Guar Safflower Sorghum

Dates cu K CU K CU K Ccu B Gy K

16-31 .03 .05

1=1 .28 .17 .13 .08
15-29 45 027 .30 .18

1-15 1.20 .48 .75 .30
16=-31 2,56 .92 1.60 .58

Al
315 .02 .03 4,20 1.37 3.00 .98
16-30 .07 .02 4.65 1.60 4,50 1,85

%%%g, <45 »13  3.90 1.10 5.85 1,66
i6=31 1.28 .34 .88 .35 7.36 1.94

115 1.95 .48 7,20 1.75
16=3C 3,15 .74 .39 .11 5,40 1,24

1-15  4.65 1.10 1.65 .39
16-30 5.76 1.26 4,16 .91 2.89 .59

1-15  5.25 1.28 ' 4.35 1.07 5,85 1.43
16-31 5.12 1.25 3.84 .94 : 6.56 1.60

1-15 4.35 1.19 3.15 .86 4,35 1.19
16-30 2.70 .81 3.15 .93 1.95 .58

115 1.05 .38 2.55 .88 .60 .22
16-31 .32 .12 1.35 <49 .12 .06

1-15 .07 .03 .30 L 14
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Daties

Blue Panicum

Bermuda

Cabbage

Broceoli

-

15~Day~-Interval Use and "K" Values for Varicus Crops im Arizor

18

cu

K

cu

K

o

K

Cu ¥

Jan.
1=15

16-31
Feb,

Pt S

1=14
15«29
=15
16~31

April
1-15

16=30

May
115

16-31

3.00
3.60

3.90
4,32

4,20
4,65

4,95
5.12

3.45
4,32

4,20
3.90

3.30
2,40

1.20
.20

051

«98
1.24

1.10
1.14

1.03
1.07

1.16
1.12

.85

1.15
1.15

1.18
.87

54

4,35
4,20

4,05
4,00

3.45

3.36

2,70
2.25

1.80
<48

1.19
1.22

1.06
.97

.82

J4
.66

.65
b4
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2,10
2,08

1.68
1.65

1.20
3,20

3.45
3,00

2' ?@
2,40
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1.35
1.12

7

o 45

2,40 1,553
Z.40 1.36

1.82 1,08
. 84

3
9

o
[93Y
)

1,07 3.

1.57
1.46

1.47
1,34

(8]
a

-
G
=3
o
oo
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15-Day-Interval Use and "K” Values for Various Crops

Cantaloupe

Carrots

in Arizona = 1960

Onions

Dates Ccu K

CU

K cu K

Jan.
1-15

16=31

Feb.
1-14

15-29

March
1«15

16-31

April
RLE

16~30

May
1-15

16-31

June
1-15
16«30
July
1=15
16-31

August
1~-15

16=31

Segt.
1=15

16-30

Oct,
1=15

16-31

Nowv.

1-15
16=30

Decg.

1=15
16-31

.22
1.20

.09
3

2,40 .68
3.84 1.01

4.65
3.40

1.13
1.24

3.75 .88
.51 .39

1.65
1.28

.60

.21

2.10
5.76

4.80
2.70

2.40
2.40

1.06
.69

20 .53

032

.14 04 .10

.78 2,85
1.93  5.92

1.06
1.99

4,80
3.75

2,18
1.83

3,15
2.40
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Profile Use by Varicus Crops in Arizona in Inches of Water

Depth Cotton Wheat Guar Safflower Sorghum
0-1 14,20 6.72 9.78 13.58 10.64
1-2 7.48 4.83 4.60 92.64 4.04
2=3 5.85 3.46 4.07 7.40 3.22
3=4 3.81 1.36 2.74 2,87 2,09
45 3,21 1.28 1.75 1.57 1.13
5=6 2,66 .57 1.61 .96 1.24
Total 37.21 18.22 24,55 36,02 22,36
Blue Panicum Bermuda Cagbbage Brocecoll Cauliflower

0~-1 19.59 18.37 14,41 14.09 11.84
1=2 12,13 10.37 5.72 5.60 4,67
2=3 10.07 9.56 1.89 3.01 2.39
3=4 7.29 5.64 1.95 2.49 1.84
435 4.56
5-6 3.56 B
Total 57.20 43.94 23.97 25.19 20.74

Cantaloupe Carrocts Onions
G~1 6.28 11.68 12,87
1-2 6.46 5.91 5.63
2-3 5.10 2.34 2.53
3=4 3.88 1.94 2.22
45 |
5«6
Total 21.72 21.87 23,25
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TITIE: 7TILLAGE PRACTICES AS RELATED TO PROD
WATER.

CLON AND INFILTRATION OF

LINE PROJECT: BSWC ¢l3-3 NO. s  Aris

LOCATION OF EXFERIMENT

PERSONNEL INVOLVED: Karl Harvis, Leonard J. Erie, and Do

DATE OF INITIATION: 1851

COOPERATION: (See previous amnual reports.)
OBJECTIVES: (See previcus annual reports.)

NEED FOR STUDY:

The previous

of mw@ were applied,
al i

The alfalfa was allowed

@]

August, vo light

Total plot yields were determined an

mgde March 31, 1350,

o3

2. Plow, disk, drag, irrigat
3, Plow, disk, 1rrigate, and plant

4, Plow, irrigate, disk,

5, Plow, irrvigate, disk, irrigate, disk, and plant.
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EXPERIMENTAL DATA AND OBSERVATIONS:

o

Volume Weights (Average of 4 replications), 1960

Treatmwment s

Depth 1 2 3 4 )
{(Inches)

0« 2 1.48 1.47 1o47 1.47 .31

2« 4 1.50 1.52 1.48 1.50 1.56
& - 6 1.43 1.45 1.42 1.49 1.51
6 - 8 1.37 1.42 1.43 1.43 L.45
8 - 10 1040 10‘@2 1n'é§"f§‘ 104’4‘ 50&5
10 - 12 l.41  #1,32 1.42 1.40 1.38
Mean VW = 1.43 1,43 L.44 1.48 1.48

*Rad sample.

Yield Alfalfa, Tons per Acre, 1960

Treatment Replications
1 2 3 4 )
1 9.80 10.56 9.11 9.54 9,75
2 9.08 9.53 9,62 9.43 9.42
3 9.56 9.83 16,13 9,31 9.71
4 9.04 9.52 9,58 9,88 9,51
5 9,58 9.63 9,25 5,01 9,37
No significance.
’ Yield Alfalfa, Tons per Acre
Treatment ’ Years
1958 1959 1969 Mean
1 9.997 9,957 3,73 9,901
2 9.711 9.594 9,42 9,575
3 9,705 9.969 9.71 9,795
4 10.123 9,584 9.51 9.739
5 9,505 9,390 §.37 9.422

No gsignificance.

COMMENTS AND INTERPRETATIONS :
1. Volume weights, as in previcus years, show compaction in the most
severely tilled plots even after three years of alfalfa. This

compaction extended through 10 inches of soil in treatment 5.
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Yizlds were higher on the minimume-t:

yields for the three years 1958, 1959, and 1960, were

minimum~-tilled plots, but differences were not large enou

statistical significance,
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TITLE: EVALUATION OF TILLAGE FACTORS

M

LINE PROJECT: SWC ¢i3-5

LOCATION: Univewsity of Ard

PERSONNEL INVOLVED: Leonard
Dr. Deae

DATE OF INITIATION: November 1958.

COOPERATION: See 1939 dnnual Report.

OBJECTIVES: See 1939 Annual Repc

v
EGT

NEED FOR STUDY: See 1959 Annual Re

Llae

DESIGN OF

Filve

foin}

Machine

0

ey operaliong were

re=use meds

non=disk,

were made on
on the iscolated tillage happeniungs.

e practices

3.

4, Piow, disk, disk, disk, lrrigate, plant.

oy
i

Sk

@

¥
&
A%
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VYolume Weight and Yield Tresatments

s TIrrigate No disk,

B, Irrvigate 1 disk.

C. Irrigate 3 disk,

D, Irrigate 2 wheel,

E. Irrigate 4 wheel plus 1 disk.,
F. Irrigate 8 wheel plus 3 disk.
G. 4 wheel + 1 disk Irrigate,

H. 8 wheel + 3 disk lrrigate,

I. 1 disk Irrigate.,

J. 3 disk Irrigate,

EXPERIMENTAL DATA AND OBSERVATLONS

The analysis of variance on yield measurements made on trea

4y By Gy I and J was not significant. Thirty~siz hundred volume weight
measurements were made involwving depths through 14 inches, These

measurements were made on four different dates., Each of the 10 tre

ments was replicated 5 times,

The analysis of varlance showed significance between
treatments, depths, and an interaction between depths and treatments,

Volume weights for treatments A, B, C, I and J were averaged

together, and may for comparison purposes be classified as a standaxd
volume weight., Each volume welght represents & mean of 300 samples.
-« 166 -
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Mean VW Mean YW

Depth Disk Aveas Wheel Aress
(iﬁghes) AB,C 1,0 DoEF G,k
24 1,322 1.526

bt 1.356 Lo574

6=8 1,336 1,495
8«10 1.375 Lo467
10-12 1,449 1.483
12=14 1.415 Lo424

Treatment Volume Welghts
(BEach figure represents mean VW for 360 samples)

Treatment Mean Yolume Welght
A 1,3%
B 1367
G 1,371
D L.470
E L.507
F 1.302
G 1,500
B 1.496
I 1.400 .
J 1.37L

COMMENTS AND INTERPRETATIONS:
1. The difference in volume welghts between the whgel areas and

non=wheel areas is highly significant, showing compactlon under
J i 2 = .
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the wheels in spite of high organic-matier seils. This charactere
istic was gimilar in 1959,

No significance in volume weights exilsts between disk treatments,
This was also true in 1959, No differences between initially wet
or initially dry plots are noted under disk or tractor-wheel
treatments,

CGood evidence exists that compaction takes place down through tem

inches under tractor wheels,
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TITLE: DEVELOPMENT AND PERFORMANCE TEST OF LIGHTWEIGHT RATE METER FOR
NEUTRON MEASUREMENTS

LINE PROJECT: SWC cl3-6

INTRODUCTION :

There has always been an interest in the use of a rate melevr to
find the count rate of a neutron probe, particularly when used under
field conditions. Generally speaking, rate meters are simpler in con-
struction and lighter in weight than scalers, A rate meter has an
additional advantage inasmuch as the count rate is directly indicated
"and the recording operation consists of noting the position of a needle
only. In a scaler it is necessary not only to record the count which
“involves registration of several dials or indicators but also to either
time the operation accurately or measure the time over which the count
was obtained. In the past, however, rate meters have not been satise-
factory because of 1éck of accuracy, excessive movement of the Indicating
needle, necessity of frequent replacement of batteries, and lack of
stability.

With new techniques in electronic circuitry design available it waz
decide& to make another attempt to develop a satisfactory rate meter.
The principal differences with previous designs were to be: (1) The
circuitry with solid state devices only, such as transistors, diodes,
zener diodes, etc., (2) the operation dependent upon long life, stable
mercury batteries, (3) the output of these batteries further regulated
by:voltage regulating circuitry, (4) weight below 10 pounds, and (5)
needle movement reduced by a special circuit so that the operator has no
difficulty in deciding what to read out.’
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- Accordingly, the principal design requirements, rough ideas om the
nature of the rate meter, expected counting rates, pulse characteristics,
and the requirements for high and low woltage of commercially available
neutron probes were assembled and a development contract was awxranged
with the Applied Research Laboratory of the University of Arxizona in
Tucson, Arizona.

DESCRIPTION:

As a result, first a prototype was bullt followed by two additional
units‘identical to the prototype with the exception of a few minor
improvements. The rate meter thus developed willl be designated as the
Tempe Rate Meter, It is approximately 7 pounds in welght (see Figure 1)
‘and it employs six mercury batteries approximately 1/2 ounce in weight
each. The battery life should be approximately 100 hours of operation.
‘Indication of the cqndition of the batteries is provided by an &ppr@pri&te
switch and displayed by the meter.

The rate meter has separate switches for the 1320 volt high voltage
supply to the neutron tube and a switch for the metering part of the
circuit., Both the Troxler Electrical Laboratorles and Nuclear-Chicago
"Corporation type probes can be used in conjunction with the rate meter,
provided the discrimination is properly adjusted so as to exclude gamma
pulses. This adjustment may vary slightly from one neutron probe to the
ffnekt, The display meter has been calibrated directly im counts perx
second and has a maximum range of 200 counts per secound, This means that
the output of a Troxler type probe cankbe accommodated at moisture com=
tents up to 40 percent by volume and source strength of 4 millicuries
Radium=beryllium. The output of a Nuclear-Chicago type probe can be
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accommodated up to & maximum of 40 percent molsture by volume and a socurce
strength of approximately 7 millicuries of rvadiuws-beryilium. Obviously,
the rate meter has been designed to be used with 2 millicuries radium-

bervlilium in case of a Trowler probe and 5 millicuries radium-beryllium
y E v

in the case of & Nuclear-Chicago type probe, were is about 20 percent
adjustment in the relationship between frequency and meter output. A

different meter range can be easily provided.

Operation of the rate meter is simple, Af
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the control switch is thrown to the count rate position and the position

of the needle is cbserved after approximately 30 seconds. Before reading

the needle, however, a2 time constant switch is depressed which results in
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Measurements thus obtained have a preciszion of

2 percent,

"

If greater precision is required, the push button iz held down for am
additional 30 seconds which resulte in readings having & precision of
approximately 1 percent.

PERFORMANCE:

Comparison with actual scaler readings show that the rate meter
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temperature on the

rate meter performance. Lt was found that these effects are minor but

not completely negligible, of the order of to 3 percent. Such

effects can be easily overcome by always referring to a neutron standard.
The temperature effect was investigated over a range from zero to 40

degrees Centigrade.
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The development and performance testing of the rate meter has bgen

e

¢t

concluded except for a phage of fleld testing at other locations. A&

complete technlesl descriptlon of the device is on hand and sn abbreviated

DR

<2
e}

description will be prepared as soon a5 £leld check date are on hand,

PERSONNEL: C. Ho Mo van Bavel
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Figure 1.

The

Tempe rate meter.
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TITLE: CALIBRATION AND COMPARATIVE EVALUATION OF TWO NEUTRON DEPTH
PROBES.

LINE PROJECT: SWC cl3-6

INFRODUCTION

Even though two types of neutron depth probss, one s

Nuclear~Chicago Corporation and the other by Troxler El
Laboratory, have been in use for some time, a direct comparative evalu-
ation on the two designs has not been availlable.

past calibrations of such probes have ge

ra Ly

>

]

under field conditions or with artificially prep

which may not have been sufficiently large.

procedutres leadi

an exact calibration were not known.- When it was
investigation along the latter line was planned by

)

California Agricultural Experiment Station at Davis,

decided that it would be advantagecus to pursue the above two ob)

by a joint effort which included work at both si and an interchs

of equipment.
CALIBRATION

. Bodl

]

The procedure followed was straightforward b

(gj
&
Fy

soil were made up of increasing size at different moisture contents.
“Particular care was taken that the soil would be homogensous and that
the moisture content on a volume basis was accurately koown. Once s

soil mass was ready, an access tube would be inztslied for the

of probes investigated and a measurement was carried out. Cour

rates were determined with different scalers and it was found thar

1

did not introduce any wvariation in the resulis.
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It could be qoncludeq that for both types of probes it is necessary
to calibrate with bodies of soil that exceed dimensions of approximately
120 cm,,bé they cylindrical or cubic, This statement is particularly
true at low moisture contents, below .10 by volume. The calibration
curves which were obtained for the twc types of probes must be considered
as quite accurate and since they were expressed both as absolute counte
ing rates and as cbunting rates referred to standard of known dimensions,

they should prove to be of interest to others working with these types
of probes.

The calibration curve for the two types of probes is differemt.

The calibration for the N~104 probe (Troxler Electrical Laboratory) is
almost linear except the veryvfirst part at guite low molsture contents,
The P-19 centered-source probe (Nuclear-Chicago Corporation) shows a
sigmoid calibration line. Further comparisons of the two calibrations
brings out the fact that the N-104 probe is from 2 1/2 to 3 times more
efficient in terms of slow neutrons counted per unit strength of the
fast neutron source (sée Figure 2).

From the latter finding it is concluded that the end-source prabe
design is definitely preferable because it gives the highest counting
rate at the lowest cost and at the lowest exposure hazard. The end-
source probe is simple to comnstruct and can be serviced more easily

"because the source can be detached from the probe itself by unscrewing
the .source capsule located at the end of the probe. Adequate counting
rates can be obtained with the N-104 probe with sources as small as

2 mc and in certain cases even 1 mc could be considered satisfactory.

- 176 =

Annual Report of the U.S. Water Conservation Laboratory



-The exposure hazard from a 1 me radium source encapsulated in am

mum amount of lead is close to nominal,
TRANSLATING SOLUTIONS

Additional work was done on the substitution of neutron abscrbing
solutions for actual soil masses in calibrating neutron probes. It

was found that satisfactory use can be made of sclutions of cadmium

content which is still appreciable and it ig not possible to calibrate

neutron probes down to low moisture contents using boric acid. This
objection does not apply to the use of cadmium salts which, on the
other hand, are somewhat more expensive and require non-metalilic
containers.,

The comparative study with the two types of probes showed that

relationship between concentration of a neutrow absorber and the cor

ponding s0il moisture content is considerably different in different
types of probes. This means that the use of neutron absorbing solutlons
can only be used to find the calibration of a probe if a calibration of
the same type probe is avallable and which is based on an actual know-
‘ledge of soil moisture content. Therefore, the use of solutions is
limited in usefulness to: (1) The verification of the beh&v%@rymg a

&

probe that has been previously calibrated in seil or, (2) the cal:

brae

2

tion of a probe by comparing it with ancther one of an identical

construction, excepting source strengih, which has been calibrated iu
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soil. 1In the latier case,

to eliminate the effect of

ceunting rate.

Additional details on

article by C. H, M. wan B

<
nowever, racours

it be had to a standard

differing source

this daves:?

<

) T
been submitted

to the Proceedings of the Soll Sclence Sceiety of America (Laboratory

Publication No. 193,

PERSONNEL: C. H. M.

van Bavel
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TITLE: EVALUATION OF SURFACE NEUTRON PROBE
LINE PROJECT: SWC Cl3-6
INTRODUCTION

Inasmuch as the commonly used depth probes for neutron measurements
of soil moisture content are not capable of indicating the moisture
content of the surface layer, there has always been comsiderable lnterest
in a surface neutron probe. Historically, attempts to develop this

method are as old as the meutron method ltself, going back to 1950. More

2]

recent attempts In this direction are represented by 2 commereizl probe
avallable frow Huclear-Chicago Corporation and published work by Phillips
in Iowa and by Marais in the Union of South Africa, Tn the present
report an account is giVe% of an evaluation of a simple surface probe
which consists of a modification of a Troxler Electrical Laboratories
depth probe by means of a hydrogenous shield, This adaptor has also
been marketed by Troxler Electrical Laboratorles but ne evaluation of
this device has been availlable.
APPARATUS

The adaptor, as commercilally avallable, consists of a hydrogenous
shield fitting over the source counter assembly. Furthermore, there is
g selid block of hydrogemous material which is advertised as the standard,
It turns out, however, that this standard is absolutely unnecessary
because an adequate standard counting rate can be obtained by suspension
of the probe itself in air, the counting rate as obtained being caused
by the hydrogenous shield over the counter,

The depth probe 1s converted into a surface probe by disassemblying

the source capsule, fitting the counter-amplifier assembly into the
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surface adaptor, and taking the source out of the capsule and pressing
it into another lead capsule esphvially made for the purpose, It fiis
contiguously to the gounter into the hydrogencus shield. The assembled
surface probe welghs approximately 8 1/2 kilograms and is illustrated
in Figure 1.

A series of evaluation tests and experiments were made as follows:

a. GCalibration, investigating precision, linearity, and sensitivity,

b. Depth of measurement.

¢, Effect of molsture étfatificati@na

d. Effeect of irregularities in the soil surface.

CALIBRATION .

Calibration of the surface probe deseribed heretofore was accomplished
by placing 1t on homogenecus bodies of soil that were 30 cm deep. It
was found that a strictly linear relationship exists between the counting
rate and the moisture content on a volume basis, see Figure 2. Further-
more, it turns out that the sensitivity of the device is as good as that
of a depth probe, Calculations show that adequate results could be
obtained with a surface probe containing a one millicurie RA-Be source.
If it is désired to express the results on a standard basis, this may be
done conveﬁiently by using the counting rate in air as & standard, In
elither case, the accuracy of a device appears to be somewhere betwéen
1/2 and 1 percent of moisture on a volume basis.

DEPTH OF MEASUREMENT

The depth of measurement was evaluated by making measurements on
homogeneous soil blocks of known moisture content and reducing the
thickness of these by layers and relating the counting rate to the
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resulting extent of the soil layer.

It was found that the molsture content of the soll itself has no
obvious bearing on the depth of measurement. In all ceses increasing
the. thickness of the soll over 15 cm had no effect on the counting rate.
The first few centimeters of soil have the greatest effect on the
counting rate and from there on the counting rate is but little increased
by increasing the depth of soll up until the 1S5-centimeter depth is
reached, which represents, for all practical purpeses, an Iinfinitely
thick layer, see Figure 3.
MOISTURE STRATIFICATION

The effect of moisture stratification was examined by preparing
stratified soils that were obtained by natural drying, in which case a
smooth distribution of moisture resulted, or by artificially depositing
a wet or a dry layer of so0il on a dry or weil layer., The thicknese of the
layers was varied as well as their moisture content., A table is shown,
based upon two cases pertaining te abruptly chenging molsture content
and a third to smooth distribution of moisture, demomstvating that there
is no clear-cut relationship between the indlicated wolsture content as
derived from the surface neutron probe and the average moisture content

of the top 7.5 cm.
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Comparison of moisture content measured with surface
neutron probe to actual values for the surface 7.5 am.

Indicated Actual Difference

Moisture Moilsture

« 155 « 290 ©, 135

.050 . 104 =, 054

Dry over Wet Soil 2115 077 +, 038
.050 . 048 4+, 002

. 040 .036 o+, 004

. 250 . 238 +,012

+350 . 367 =, 017

‘Wet over Dry Soil . 375 404 =, 029
>0245 .238 +. 007

410 <ALl7 =, 007

.180 o 141 +,039

Soil Drying at . 150 . 147 -+, 003
the Surface . 130 . 121 +.009
.120 . 098 +., 024

Calculatiﬁg the moisture content of soil iIn any other way may in
some cases. provide better agreement but not in others. The closest cone
can come 1s by comparing the indicated moisture content and the average
moisture content of the surface 7.5 cm of soil. However, the disagree-
ment between indicated and true values is still such that one must
conclude that the indicated moisture content in the case of stratified
SQils is only a good estiméte of the true m@istureleontento M

In natural circumstances, stratification is more the rule than the
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exception, Surface drying results in considerable stratification of
moisture in the top few centimeters. Small amounts of rainfall on
relatively dry soil results in very sharp boundaries between wet and dry

soil in the surface few centimeters., Scil compaction and chengesz in soll

a4

texture may also have dimilar effects. Therefore, it is concluded tha
the usefulness of the surface neutren prcbe as en exact instrument isg
limited to cases where one is reasomably sure that the moisture distribu-=
tion in the surface is homogeneous. In other cases, one can only spesk
of a relatively crude estimate.
SURFACE IRREGULARITY

The irregularity of the surface upon which the probe is placed also
has a pronounced effect on the indicated moisture content., Experiments
with corrugation of the surface and purpesely tilting the probe away ﬁm@m
the surface all indicated that counting losses as high as 10 to 20 percent
are found if the probe is as little as 1 centimeter away from the surface,
either at one point or at a number of points such as would be the case
if the surface is corrugated or generally irregular. To get representative
readings it is considered an absolute necessity that the surface is as
flat as one can obtéin it and it is probably desirable to actually press
the probe into or against the soil surface.

The investigation of surfaée neutron probe characteristics hegs been
concluded, Further details may be found in a publication which will be
submitted to the Journal of Geophysical Research,

PERSONNEL: C. H. M. van Bavel,
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Figure 2. Calibration of surface neutron probe.
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TITLE: °THE DESIGN AND EVALUATION OF A SMALL, ECONOMICAL PRESSURE CELL
FOR THE DETERMINATION OF THE MOISTURE CHARACTERISTIC OF SOIL
CORES.

LINE PROJECT: SWC cl3-6

INTRODUCTION

The moisture characteristic of field scils, particularly at
slightly less than atmospheric pressure potentials, should be determined
using samples that have not been appreciably disturbed. Such samples
are commonly obtained with some sort of cylinder sampler {core sampler
and equipment is required whereby the changing moisture content of the
core sample can be measured as the pressure potential is varied.

The pressure cell principle as first proposed by Richarde (2) is
suitable and practical for such a purpose. It must be remembered that
the equilibration time of a soil column in a pressure cell is dependent
upon its height, Gardner (1), and for the procedure to be practical,
columm heights in excess of 4 or 5 cm are undesivable, thus limiting
the size of the core sample to modest proporticns., To f£ind¢the rime of
equilibration and the final moisture content of the core sample, welgh-
ing is least conducive to errors. However, it is not preactiecal to
remove the core from its support for this purpose becavse of the diffie-
culty of re-establishing good hydraulic contact between sample and
porous plate,

Therefore, a small and simple pressure cell was designed that could
be weighed in its entirety with adequate precision. Alsoc, we aimed at
an economical piece of equipment that would be suitable for use in
testing laboratories.
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METHOD

Figure 1 shows the dimensions and assembly of the pressure cell.

It is designed for the use of brass retainer cylimdérs as used in the
soll sampler specified by the U. S. Salinity Laboratory (3). These
cylinders are made of 19 gage brass (0.11 em), 1.180 inches (3.00 cm)
high and 2.250 inches (5.72 cm) in ocutside diameter. For other size
retainer cylinders, the proper dimensions have to be worked cut.

The porous plate is supported on the lucite bottom part, which is
grooved for drainage. An O-ring prevents entry of air into the part of
the cell below the porous plate. The top part of the cell, also made of
lucite, is clamped to the bottom part with two clamps; thus securing the
retainer cylinder to the porous platé andxinsuring the O-ring seal
Eetween plate and bottom. Two types of porcus plates are used, ceramic
and stainless‘steelq Ceramic plates are used where the moisture charac-
teristic of a soil core from zero to -1000 mb is desired, as the ceramic
has a bubbling pressure of about 1400 mb. If, however, the moisture
characteristic from zero to -200 mb is desired, stainless steel plates
are used, since the equilibration time is much smaller than with the
ceramic pla;gg: O-rings in the side of both the top and the bottom part
secure the retainer ring sideways and prevent escape of air When”;he
cell is pressurized.

Regulation and measurement of air pressure in the cell can be done
in several satisfactory ways. We use a regulator for zero to 1800 mb
operating range with a precision of about 2 mb. A central supply of

compressed air is available. Pressure is measured with a precision gage
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with divisions for every 5> mb and a semsitivity of 2.5 mb. A small sup-
ply of water is kept in the regulated pressure line to prevent desicca-
tion of the sample by back diffusion.

The time for equilibrium is determined by the conductance of the
porous plate or of the soil core, whichever is smaller. The ceramic
plate has a conductance of 0,025 g»hrm¥ mba.1 and a conductivity of about
5 x 10”4 cm hr;lg thus, at low pressures, the plate will limit the out-
flow rate for many soils., However, the conductance of thé porous
stainless steel plate is 68.9 g hrm'i mbml, while its conductivity is
0.7 cm hrwla The stainless steel will procbably not affect the outflow
rate of most soils significantly even at a pressure potential close to
Zero.

With a soil core in the cell, data shows that if pressure intervals
corresponding to moisture content changes of about 0.030 volume fractien
are chosen, equilibrium will require one to two days with the ceramic
plate and 10 to 20 hours with stainless steel plates,

CONCLUS ION

This project is considered cbmplete and a full account will be
given in an article in the Proceedings of the Soil Science Society of
America (Laboratory Publication No. 25). It is felt that the equipment
developed is simple, accurate and economical and suitable for any
laboratory engaged in soil physical measurements,

LITERATURE

1. Gardner, W. R. Calculation of capillary conductivity from pressure

plate outflow data. Soil Sci. Soc. Amer. Proc. 20: 317-320. 1956,
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2, Richards, L. A. Porous plate apparatus for measuring molsture

05-110. 1948,

fet

retention and transmission by soil. Soil Sci. 6%:

£

3. U. S. Department of Agriculture. Diagnosis and Improvement of
Saline and Alkali Soils., Handbook No. 60: 159. 1954,

PERSONNEL: R. J. Reginatp and G. H. M. wan Bavel,
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TITLE: MEASURING THE SOIL-WATER DIFFUSIVITY OF SOIL CORES WITH A SMALL
PRESSURE CELL

LINE PROJECT: SWC cl3-6

INTRODUCTLION:

The problem i3 to measure the diffusivity of undisturbed soll cores

in the pressure potential range of 0 to -0.3 bar, with & maximun ease of

operation and & minimum expenditure of time and equipment. Methods
presently used, Gardner (1), are not adequate for this pressure range,

For a perliminary study, the pressure cell described by Regizato
and Van Bavel (lLaboratory Publication No., 25) was used to determine the
meisture diffusivity of disturbed soll cores. It was throught that if
the diffusivity and the moisture characteristic could be determined
simultaneously on the same sample, a great saving in time could be
realized for laboratories engaged in routine soil physical measurements.
If the soll-water diffusivity and the slope of the mofsture character-
igtic curve are known at a specific molsture content, the unsaturated
conductivity can be calculated,

Three methods for determining the diffusivity were used; one
involving steadystate measurements and two lnvolving transient measure-
ments,

STEADY STATE METHODS:

In the steady state method a core was initlally saturated with water

and the Inlet and outlet tubes of the cell were connected by 2 continuou

water column to reservelrs., Both of the reservoirsz were placed at an

3

&

elevation lower than that of the cell, A small air hole in the soil core

retainer ring allowed the sample to become desaturated when negative
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pregeure was applied., A head difference was maintained betwsen the inlel
and cutlet resexrvolrs and ;han the outflow was at a constant zate, the
gystem was sald to be at equilibrium, The unsaturated conductivity

could then be calculated from Darey's law.

In one case, 34 days were required for the

stant., In other cases constancy was not attal

to bacterial growth clogging the soll pores.

samples took

took as long

Precazutions were taken to veduce bacterial growth. This did not

the present equipment wasg abandoned because

cedure was too time consuming and could not

rapld routine laboratory precadure,

The firet transient procedure tried was an infloweocuiflow method,
& soil core was placed in the pressurs cell and saturated with water,
& &

The imlet tube of the cell was connected to & regulated air pressure
system, and the outlet tube to & calibrated capillilary tube, The pro-

cedure was to increase the alr pressure by 2 known amount and ¢ messure

b

L=

o

-water lnterface in the capillar

h

advance of the alr-

i‘i

the time rate o
tube, Conversely, the air pressure was reduced and the rate of inflow

measured, Thls procedure dld not prove satisfactory becauvse long

L
&
T
l;.xj
<

caplllary tubes werse required to obtain good outilow versus
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In the second transient method the cutflow was measured at successive
time intervals by weighing. The procedure consisted of placing the call
on a sensitive balance with the inlet tube counected to a regulated air
pregssure system and allowing the outflow to drip into a tube which
removes the water without interfering with the weighing of the cell,

The alr pressure is increased by a known amount and the lLoss of weight

of the cell is recorded., An accurate balance and timer are required.

The soill water diffusivity may then be calculated from the ocutflow wversus
time data using equations presented below,

Two different equations were used to evaluate the data, The first
was the Ostashev equation for an infinite column, &s reported by
Kirkham=Feng (2).

Q, = 2 AC / Dt/=
im which Q. is the accumulated outflow, A the cross sectiomal areas of an
infinitely long tube, C@ the change in volumetric molsture comtent,
D the diffusivity, and t the time.
Assuming that this equation may apply for smaell values of ¢ to &

column of finite lengthy, L, and substitutiag for c, by QO/LA we f£indy

Q. = (2q/L) [/ Dpt/x | (1]
henceforth referred to as the Ostashev equation. Equation [1] can be
written as "

2

(/&) (L Q./Q)" = Dbt,
therefore, a plot of the lefthand tewrm versus t can be used &as a test
of adequacy for [1]. It should give a straight linme,

The seccnd equation is that proposed by Gardner (1):
' 2 .2 2 -

Q. =Q, [1-(8/x") z (L/n")exp(-a/Dt] £e]
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where n = 1, 3, 5; cee, @ = an/2L, L 18 the length of the sample, and
the other symbols as previously described. Rearranging, we obtain
2 AN
@, - Q) 1/8q, = (1/a") [exp(-a’0t)]

where n = 1, 3, 3, coey OF

exp(na DE) + (1/9)exp(=@ DLy + (L/“@)uxw(oa DEY Fooo

i

2
(QO = Qt) n /3QO
Since @ = nn/2L, then

2 2 2 AT LA
o = a (n/2L)" = (0.2742)n

h

or & 3 cm sample.

[

Now if we let
2
a2 A \ )
C=(q, - /@QO
and substitute [4] and [5] into [3] we obtain

C = exp(=0.274 Dt) + (1L/9)exp(=2.47 Dt) + (L/25)exp(=6.856 D) +oos

3]

[%]

[6]

Since the infinite series converges rapidly, Gardaner (1) states that

after a few hours only the first term is of any lzportance so ke negleck
the other terms and solves equation [6] explicitly. However, for short
periods some of the other terms cannot be neglected, When mowrs than the
first term is considered, equation [6] cannot be solved explicitiy;
rather, it must be solved graphically. This is accomplished by judiciou
choosing values of Dt and plottiang them sgainst C (Figure 1), To cale-

culate diffusivity one measures t; Q_, aund Q@ on & sample and from
£ :

x’L‘

equation [5] calculates C. From Figure 1, Dt is obtained, and from the
value of t the diffusivity can be obtained.

To test the applicability of equaticn [6] one checks to see if the
caleulated values of diffusivity are constant with time,
RESULTS OF THE WEIGHING OUTFLOW METHOD:

Tests were made on a disturbed sample of Pachappa sandy loam.

‘Data from one rum of the weighed outflow method are gilven in Table 1.

3

o
o}
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- The initial pressure, ?i’ was L0 mb and the final pressure, P, was
L

60 mb, The total ocutflow, Q

>y

s Was 3.43 go

7 1 s 3 1 oo 1 N | F o '\2

For evaluating the Ostashev equation [1], & plot of (Jﬂ/&)(Qt/Qo)
versus t is showan in Figure 2., Up to 8 value of ¢ = 3 minutes the
points fit a straight line., From its slope & value of D = L.46

2 . =1 e o " o ‘ .
cm min = 1lg derived., After t = 3 min the equation does obviously not
apply, meaning that the agsumptions made are no longer valid, These
are that the column behaves as If 1t were funfinitely leng and that D is
a constant,

The CGardner equation was tested with the ald of Figure I and D
calculated for sach value of Q.. The Table 1 shows that up to ¢ = 3.5
nin the calculated walue of D ia3 the game. Since the theory here is
exact, the deviation beyond ¢ = 3.5 min means that D Iz aot comstant,
invalidating equation [2]. The average vaive of D from ¢t = 0 up to

-

. 2 . =1 e 5 ) .
£ o= 3.5 min 48 1.36 cm min ~ which agrees closaly with the walue derived

from the Ostashev equation.
SUMMARY

The steady state procedure was rejected as 4 routine lLaboratory
practice, as the tiﬁe Iavolved to veach equilibrium was too large, Of
the two transient m%th@dg, the pressurz Inflow-outflow method was
abandoned because of the difficulty of a sensitive measurement of oute
flow when the cutflow was large. In order to measure an outflow of 2 or
3 grams of water with sufficlent semsitivity, quite & lomg capillary
tube would be required. 7The transient weighed outflow method appears

to be satisfeactory. The apparatus is simple and wrequives little time,
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It appears that both the Ostashev and the Gardner equation wilil
give consistent values of diffusivity for over the first few minutes.
However, the use of the Ostashev equation requires much less computa-
tion than that of Gardner's,

We plan to test various soils by the weighed outflow method, using
pressure increments on the order of 10 to 20 mb and time intervals up
to 5 or 10 minutes. %The method looks promising.

REFERENCES:

1. Gardner, W. R, Calculation of capillary conductivity from pressure
outflow data., Soil Sci. Soc. Amer. Proc., 20:317-320. 1936,

2, Kirkham, D. and Feng, C. L. Some tests of the diffusion theory, and
laws of capillary flow in soils, Soil Sci. 67:29-40. 1949,

3. Moore, R. E. Water conduction from shallow water tables. Hilgardia
12:383-426, 1939,

4, Reginato, R. J. and Van Bavel, C. H. M., Pressure cell for soil cores.
Preprint, SWCL Publ. No. 25,

5. Richards, L. A; Capillary conduction of liquids through porous
mediums. Physiecs 1:;318~333, 1931.

PERSONNEL: R. J. Reginato, C. H. M. van Bavel, R. D, Jackson
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Table 1, GCalculation of D (diffusivity) For Pachappa
sandy loam for a pressure increment from 10

to 60 mb.

t Q, D

(Gardner) (Cstashev)

min, &e cmzmin-l cmzmin@’
0,145 Q.55 1,19 2 1.27
0.1¢ 0.65 1.30 L.54
0.23 0.75 ' 1.47 Lo%8
0.28 0.85 1.50 1.5%
0.37 0.96 1.49 L.4%
0.50 1.06 1.26 Lo36
G.68 1.16 : 1,16 1,20
1.00 1.29 0,98 L. 00
1.18 1.36 0.93 0.95
1.57 1,47 0.82 9.83
1.94 1,69 .85 0.89
2.13 1.86 0.99 0.98
2.27 1.97 1.06 1.0%
2.34 2,03 1,09 1,06
2057 2,15 1,12 L.08
2.71 2.19 1.09 1.06
3.15 2,30 1.07 1,01
3.51 2,36 1.01 0.96
4,03 2.40 0,90 0.86
469 247 0.84 0,79
5,58 2.53 0.75 0.86%
6552 2.61 0,69 0,63
156.00 2,86 0.37 0.3L
27580 2,93 0.22 0,19
38,90 3.02 0.18 0.1
127.00 3.25 mow- 0,05
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the weighing outflow method in the pressure
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TITLE: THE USE OF SALTY WELL WATER FOR THE PRE~PLANTING IRRIGATION ON
SILIY CLAY SOILS

LINE PROJECT: SWC cl4-2 CODE NO.: Arizona (ph-7)

LOCATION: University of Arizona, Safford Experiment Farm, Safford,
Arizona, .

PERSONNEL INVOLVED: Karl Harris, Leonard Erie, 0. F. French,
D. F. McAlister, L. C, Chapman

DATE OF INITIATION: April 1, 1958

1

COOPERATION: Erie, Harris, and French are in charge of the experiment.
They are responsible for taking detailed records and
supervising the general conduct of the experiment.
Messrs. MecAlister and Chapman provide Arizona Agricultural
Egperiment: Station land, water, and labor to accomplish
general ilrrigation, cultivation, and similar aspects of
crop production,

OBJECTIVES: (See previous annual report.)

NEED FOR STUDY: (See previous amnual report.)

DESIGN OF EXPERIMENT:

Basic leaching treatments used when planting barley for the first

half of 1960 and sorghum the last half of 1960:

A, Apply & inches of well water.
B, Apply 12 inches of well water.
C. Apply 18 inches of well water,
D. Apply 24 inches of well water,

EXPERIMENTAL DATA AND OBSERVATIONS:

Harlan barley was planted November 16, 1959 and harvested Jume 18,

1960. A leaching irrigation and two subsequent irrigations were given.

Soil=salt samples were taken from the middle of the upper, middle,. and

lower one~third of each plot. These samples were taken before each
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irrigation and after the last irrigation. Fleld measurements were made,

Seedg per head and size of seeds were determined.
P

Salt Analvsis, Safford leaching Watervr

Hell Water
Date PEM

November L7, 1959 3231

March 16, 1960 3069

July 6, 1360 2908

Avgust L0, 1980 1123
Rarlev Vield per Acre (Lbs.)

Raeplicaticns
&

Treatment L Z 3 4 Mean

) T

3172 2817 3333 3448 3193
3809 3888 3934 3496 3782
5084 4194 3551 3460 3922
4248 4008 3797 3336 3852

20wk

Forty Head Weizht (pms.)

Replizscations

&

Treatment 1 2 3 Mean

s TR

5 51.4 53.0 57.3 52.8
.0 49,7 4745 58,0 51.8
8 53.1 5644 61.8 5640
1 69,5 59,0 6349 62a4
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Seeds per Head

Replicati omn s

Treatment ' 1. 2 3 4 Mean

A 30.20 30.78 32,20 34.50 31.92
B 31.35 29.75 29.88 34,88 31.63
C 31.65 31.50 33.60 37.00 33.44
D 33.55 40,50 34,65 37.30 36.50
Sig. 5%

ISD = 3,21

4.62
Four varieties of sorghum (NK3000, AMAK R-10, RS~610, and Texas 6530)
were planted in rows 20-inches wide on July 6, 1960. - A leaching irri-
gation was commenced the same day. The four leaching treatments were

7, 10, 15, and 15 inches respectively, for treatments A, B, C, and D.

Varieties were suggested by Dr. Stith, University of Arizona, Tucson,

Arizona, and randomized within each irrigation treatment. Three irri-

gations were given in addition to the leaching irrigations

Treatments "A" and "B" seemed inferior in stand, vigor, size plants,
and seed. The NK 3000 variety was poor seed. The 7~inch leaching

(M"A") was obviously a lower yielder and the 10~inch (''B") alsc showed

éoor potential. The Texas 650 seemed to be the best wvariety, and was

later than others. Due to a mishap in harvesting samples, our Safford
samples were accidently threshed and no yield results are available.

COMMENTS AND INTERPRETATIONS:

1. Barley yields were significant at the 5 percent level. The 8-inch
leaching was significantly lower. The analysis of varlance on
weighf of forty heads and seeds per hgad showed significance.

This significance indicates that at least 12 inches of leaching

water is necessary.
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2.

by,

Goed stands were obtained on all treatments. The 8-inct leaching
treatment was much shorter than the other treatments, and appeared
to have less tillering.

All leaching treatments showed reduced salts in the first- and
second~foot levels., The 18~ and 24~inch leaching treatments showed

reduced salts in the third-foot level. The salts remained constant

"in the 12~inch leaching, but increased in the 8-inch leaching

treatment. All soil profiles showed increases in salt after each
irrigation. Soil profiles averaged increases of about 500 ppm
during the growing-season at .all thfee depths.

Good stands were obtained With all sorghum varieties on all plots.
The 8~ and 12-inch leaching plots were less vigorous and appeared
to be stunted in growth.

Though infiltration rates were slower than in the fall, leachings
did reduce salts on sorghum plantings. The 10~inch leaching wasg
not effective ataény’depth. Leaching information seemed more
erratic under row~cropping than close~growing crops.

Salt added in irrigations subsequent to the leaching irrigation was
less in 1960 than in 1959. This is probably due to better pump

water by about 1000 ppm. (See Figures 1 and 2,)‘
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TITLE: SERVICE LABORATCRY

PROGRESS:
The work performed by the Service Laboratory in 1560 included
various physical and chemical analysis of 234 soil samples and 5 water

gamples. A breakdown of the analysis is given in Table 1.

Table 1,-=Analysis performed by Service Laboratory 1960,

Analysis Number of determinations
Particle size (hydrometer) 49

Moisture characteristic

2. Pressure cooker : 134

b. Pressure membrane 161

c. Pressure cells 10
pH and saturated coanductivity 34
Calcium and magnesium 32
Sodium and potassium 32
Carbonate and bi-carbonate 32
Chloride and sulfate 5
Cation exchange capacity 14
Organic matter 6

In addition to the analysis listed in Table 1, a comparisoﬁ was
made with the pipette and hydrometer methods eof particle-size deter-
mination, Although only one soil was used, excellent agreement was
obtained., Since the hydrometer method is predominately used, this com-

parison served as a check on the personnel and equipment.
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In establishing

g the chemical analysis procedures, the USDA Agricul-
tural Handbook 60, which was organized by the Salinity Laboratory Staff,

was used ag & guide., Modifications in the methods were made when

- -

necessary to handle the extremely variable samples submitted for analysis,
Wewer analytic technlques are being tested whenever practicable to
improve accuracy or to simplify the analytical procedures.
The followling chemical and physical procedures have been checked

znd adopted for use by the Service Laboratory:
1. Anions in water and soil.

2., Sulfate,

b, Nitrate (incomplete).

%

ce Chlovide,

2. Cations in water and soll (water soluble and exchangeable).

a. Calelum.
be Magneslum.
Co Potasslum.
de Sodium,
3. pH of soll and water,
4o Electrical conductivity of water and soll extracts.
5. Caleium carbonate equivalent of soll, i
£, Organic matter in soil. -
7. Cation exchange capacity of soil,
8. Surface area of soil (lacomplete).
9. Hardness of water.

Carbonate and bicarbonate in watex.

)
@
°

11, Total resldue in water,
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SIGNIFICANT FINDINGS BY LINE PROJECT

SWC ¢10~1

Velocity induced pressure differentials caused by the presence
of 2 seepage meter cup in a channel may cause appreciable error im
the seepage measurements. These velocity induced pressure differ-
entials have been found to cause the effective local head enviromment
of the seepage meter cups to be lower than the head which would be
indicated by the free water level. The free water surface must,
therefore, be corrected for velocity induced pressure differences
before it can serve as the reference level for seepage measurements.
The magnitude of these corrvections in relation to velocity amd
installation geometry were determined in a laboratory model study.
The data are now being analyzed and prepared for publication..

Preliminary imvestigations of low-cost materials for reducing
seepage losses have indicated that water repellent materials offer
little promise for this purpose unless they are mechanically
incorporated in the soll., Tests of the f@llgwimg materials have
been promising: (1) a clay dispersant, (2) an asphalt emulsion
which can be dispersed in water, and (3) a commercial material which
can be dispersed in water and supposedly produces a hygroscopie
action in the soil. The work to date indicates that low-cost
materials may already be available which, when properly used; can
reduce seepage losses from reservoirs and canals where extemsive

erosion dees not occur.
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A variable head technique for cup type seepage meters has been
developed which permits determining the seepage rate, the hydraulic
conductivity of the soil through which seepage is being determined,
and the hydraulic gradients in the seepage area adjacent to the
cup. It is comsidered that this falling head method, when used
in conjunction with the Nevada seepage cup and corrvections for
velocity induced pressure differentials, will eliminate the major
sources of errors which have caused other workers to obtain erratic
and sometimes unreliable results with cup type seepage meters.

SWC c10~3

Preliminary tests of materials intended to increase precipi-
tation runoff from soils have been promising., A spray application
combining an asphalt emulsion and & water repellent material has
stabilized the soil against erosion, produced essentially 100
percent runoff, and has shown good resistance to deterioration in
limited exposure tests to date, This treatment costs about four
cents per square yard for materials.

SWC cl10-4
An inexpensive raft has been designed for the application of
.evaporation suppressing hexadecancl-octadecancl monofilms to stock
ponds. Preliminary measurements indicate that a simgle, properly
maintained raft will successfully apply a moncfilm to a two-acre
pond.
SWC cll-1
Investigations have shown that a standard 3-inch, short radiusg,

flanged pipe elbow can be used as an accurate rate of flow meter
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correlating flow rate with the differential pressure bet
inside and outside of the elbow. The meter was subjected to &
wide variety of flow comnditions and 1t wazs found that messurement
errors did not exceed 2 percent 1f reasonable precautions were
taken., The investigation is now being extended to elbows of
larger diameter.

SWC cl3~2

Good progress has been made in the development of better and
smaller non-ventilated net radiometers. Shielded with polystyrene
the miniature radlometers show equal response to loung and short
waves which is not true of existing ventllated radiometars,

Design, construction, installation, and calibration of a set
of three precision welghing lysimeters is mow complete. The
lysimeters, 1 m2 in area and lL.6l meters deep, are located im a
100 mz test area. Welght is pericdically monitored and recorded
on punched tape with a sensitivity of about 20 grams in & total
weight of about 3000 kg, or about .02 mm water,

A micrometecrological data handling system, capable of
bandling 45 channels at a rate of one per second, has been designed,
constructed and installed, The information is stored om punched
tape in digital form. Maximum aceuracy is about 6 mlcrovolts,

Several types of air humidity measuring equipment have beeun
evaluated and good progress has been made om the development of a
precision wet and dry bulb psychrometer assembly desigrned for use

in an arid climate,
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A mathematical description has

£
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in plant stems, This theoretical analysis agrees with

measurements reported hy other workers.
SWC cl3=2
In annual reports for 1938 and 1939 it was stated the success
of various years' irrigation schedules was at least partially due

to irrigating when about 653% of the avallable water was used from

the top three feet of the root zone. This was also true in

In 1958 seven irrigations were required to satisfy this

in 1959; five, in 1960. This study has served to tie down the
actual need for water in terms of goll-moilsture depletion. The
difference in water requirements among years shows the nesd for s
scientific approach on irrigation scheduling.
Blossom=-and~boll-tagging studies show that fruiting peaks
can be changed by frrigation water both In time and amount. Wetier
treatments encourage larger bolls. 3Bolls Increase im size wp to
September l. Molsture-stressed treatments result in very pronounced
frulting periods.
Sorghum produced on 20-inch rows im 1960 required 3 irrigat

for maximum productiom of 4750 pounds per acre. A&dditional

‘tions did not increase yields. One less drrigation (2) lowered
yields about 400 pounds per acre.

SWC cl3-3

Consumptive-use measurements were made on 13 crops.

G

gl

measurements were made on plantings handled sccoxrding &
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recommended for maximum productiom. Unuswally heavy ralns cccurzed
in October and the comnsumptive-use estimates for cabbage, broccoli,
cauliflower, carrots, and onions can be expected to be about four

inches too high,

Peak usge

Crop C.U Inck/day Peak use dates
Cotton 3721 0,35 July 26
Wheat 18,22 0,29 April 20
Guar 24,55 0,30 August 3

Safflower 36,02 .49 June 8

Sorghum 22,386 0.40 August 15
Blue Panicum 57.20 0.32 July 3
Bermuda 43.94 0.30 Jumne L
Cabbage 23,97 0,17 Decembear 13
Broceold 25,19 0,20 December L5
Cauliflower 20,74 015 December 15
Cantaloupe 21.72 0633 June 20
Carrots 2L.87 0.24 November 5
Onions 23025 0.25 Novembar 20

SWC ¢13-5
Studies on changes in pore space due to disks and tractor

T
KB e

wheels showed significant differences between wheels and dis
No effect of disked over non-disked areas resulted om this

particular soil which was Laveen c¢lay loam. Wheels affected

pore gpace to & depth of 10 inches.

-2
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SWC ¢l3-6

A lighteweight (3.5 kg) rate meter, completely transistorized
and battery operated, has been developed and found entirely
satisfactory for use with existing neutron probes.

Comparison of two neutron depth probes was made and accurate
calibrations were conducted. A method for calibrating neutron
probes with a sclution of neutron absorbing material was tested
and found of walue within certain limits.

A particularly simple surface neutron probe has been evaluated
and found accurate and useful, However, the method Iin general is
subject to question when surface moisture is stratifiled.

A double tube method for measuring In situ hydrauvlic conductivity
of soil above a water table was developed. The advantage of the
method is its independency of the internal drainage characteristics
of the soll, which eliminateg the need for measuring hydraulic
gradients in the soil or for using simplifying assumptiomns which are
cnly applicable to special conditioms,

The error in infiltration measurement with buffered cylinders
due to different water levels in cylinder and buffer was shown to
be directly proportional to the water level differemnce and
inversely proportional to the infiltration gradiemt. The error was
found to increase as the infiltratiom progresses and to reack a
maximum at final infiltration conditioms. For field installations
commonly used, this maximum error can approach or even exceed the

magnitude of the imfiltration rates. Thus, it is Important to
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maintain equal levels in cylinder and buffer a2t all times during
the infiltration measurement,

Desgign and evaluation has been completed of a small pressure
cell for measuring the molsture characteristics of undisturbed soil
cores with-a precision of 2 mb and 0,003 gm moisture by volume.

The gmall size of the pressure cell permits accurate determination
of weight changes without removing the soil fr@g the cell,

A procedure has been developed for the use of a minlature
pressure cell in the relatively rapid and routine measurement of
20ll moisture diffusivity. Values of diffusivity obtained with this
method are now being verified independentiy.

SWC cl4=2
Leaching studies at Safford, Arizoma, showed that scil-galt

toxicity can be reduced with water containing nearly 3,000 ppm of

salts. Salts were reduced im the scll enough to obtain stands of

n

sorghum and barley., A very desirable yield of 82 bushels of barley
per acre was obtained under this adverse salt situwation. At leasgt
12 inches of leaching water is necessary and there was some
indication that more might be needed to maintain continved maximum
preduction,.

SWC ¢l7-2

Preliminary tests of materials intended to Iincrease precipi-

tation runoff from soils have been promising. 4 spray application
combining an asphalt emulsion and & water repellent material has
stabilized soll against erosion, produced essentially complete

ited

=

runoff, and has shown good resistamce to deterioration im Lim
exposure tests to date, This treatment costs about four cents per

square yard for materials. Annual Report of the U.S. Water Conservation Laboratory
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PAPERS PREPARED OR PUBLISHED DURING 1960
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Biddulph, Qe, Nakayama, ¥, §., and Cory, R. The Transpiratiom
Stream and the Ascension of Calcium. Plant Physiology.

Bouwer, H. Discussion of paper, "Laboratory Resegrch on Ianter-
ceptor Drains" by Kﬁ¢lc& J&@k, and Robinson, 4. R. J@uwmal
Irrigation Drainage Division, Proc. Amer., Soc. Civil Engr.,
¥ol. 86, No. IRZ, 196%0

Bouwer, Ho A Study of Final Infiltration Rates from Cylinder

Infiltrometers and Irrigation Purrows with an Electrical

Resistance Network. Proc. 7th Congress, International Soclety
r

of Soll Science, 1960, (In P:

Bouwer, H. A Variable Head Techalque for Ssepsge Meters. Jouzmal
Irrigation and Drainage Division, Proc. Amer. Soc. Civil Engw
(In Press).

Bouwer, H. & D@umi Tube Method for Measuring aulic Conduc-
tivity of Soll in Situ sbove a wanem Table. Proc. w@il Sele Socs

Amer, (In Preesﬂu

Bouwer, H., Theoretical Effect of Unequal Water Levels omn the
Infiltration Rate Defermmne@ with Buffered Cylinder Infiltrometers.
Agricultural Engineering. (In Press).
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5

Bl@k@y @n Ro’ Al.ﬂ»ffed Eo R‘o; Jyaﬂ. B&"’J@L, Co H‘.n MYW
dgricultural Drought and Moisture Excesses in Mi:
Agric. Exp. Sta. Tech. Bul. 235, 1960,

B @nd Whisler, F. D.
nuesotd. Minnesota

Ehrler, William, Some Effects of
Dec. 1960,

Salinity on Rice. Bot. Gaz.

Erie, Leonard J., et &l., Alfalfa in Arizona. Alfalfa Production,
Arizona Agric. Ext. Ser. Bul. (In Press).

Fritschen, Leo J., Comstxuction and Calibration Details @ﬁ the
Thermal-Transducer Type Net Radiometer. Bul. of the Admer. Met
Soe, 41:180-183, 1960,

Fritschen, Leo J., and Shaw, R..H. The Effect of Plastic Mulech
b 2 2

on the Micro-Climate and Plant Development. ITowa State Journal
&
&

of Secilence 35:59-72, 1960,

Fritschen, Leo Jo, and Shaw, R. Ho & Thermocouple-Type Anemometer
and Its Use. Bul. of the Amer, Met. Soc. Vol. 42:42-46, No. L.
1961,
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Press).
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(In Press).
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Chloride Diffusion in Soils as Ianfluenced by
Proc. Soil Sci. Soc. Amer. 24:460-463, 19
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