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INTRODUGAD

0 presente documento asta dividido em duas par-
tes. A primeira refere-se & teoria do Metodo da Sonda de
Neutrons., A segunde contem a descrigao de sonds de neu-
trons do Instituto ds Hidrologia de Wellingford,assim co

mo es indicagoes oportunas para Sseu uso.

s
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THE THEQRY OF THE NEUTRON PROBE METHGO

Preface

This report is based on @ seminar given at the Instituto de
Pesguisas Hidraulices in December 1978. The objectives are
to outline the physical basis of the neutron probe me thod,
to describe the source of measurement errors and suggest
ways in which they may be minimized and alsoc to indicate de
sign strategies for neutron probe access tube networks. The
report is intended to act as a supplement to, and not as a
replacement of, the more comprehensive account given in the
Institute of Hydrology report n® 189 "Neutron Probe Practice”
by J.P. Bell,

.
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NEUTRON PROBE PRINCIPLES

A neutron probe consists of (Fig. 1):
1. a radioc-active source of fast neuvtrons of energy ~ 1 MeV

<
2. a detector of slow neutrons of energy , %ﬁ eV

3. a rate-scaler

«, ROTESCOLER

w, BOURCE ANMD DETECTOR

Collision Theory

Fast neutrons emitted from the radioactive source collide with
the surrounding nuclei and energy 1s lost on each collision

(Fig. 2)

If neutron absorbars are not present in the surrounding material
it 4s reasonable to assume that -en "elastic” collision takes
place (eg a billiard ball collision) which can be described by

the equation:
L L. S
Eo (A+1)2
where E, is energy before collision

E 1is mean energy after colfision

A 1is the atomic pumber of the surrounding nuclei

(the number of protons and neutrons in the nucleus)

R P _—
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Differentation of this equetion with respect to A shows that

the mean energy loss is maximel when:

and neutrons collide with hydrogen nuclel in which case:

2A
= (1 TYERE

mlm|
N | =

o}

After n collisions the average ensrgy 1is

2A n
(4 TKTTTT] E,

mj

but the median energy after n collisions 1s much less (Fig.3)
and is given by (see e.g. Fermi, Nuclear Physics, University of

Chicago Press)

ENERDY SPECTRUM AFTER » COLLIGIONS

NUNMBER PER UNIT ENERGY INTERVAL

Logq LA (Ae1)
En’ e N ZA nTR-7 0 E Fig. 3

n o

It is instructive to caelculate for different materials the number

of collisions, n, required to reduce most of the fast neutrons

(of energy-Ey= 1 Mev) to thermal energiles (E,'= %6 ev) which are

detectable by the probe. Rearranging the above equation gives:

En

- 1n[E—5)

n = .
_(A-1)1 (A+1)
(1 5A .1n A<d
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Thus for H, A =

in {1/40,000,000)
1

17.5 collisions

For C, A = 12

in (1/40,000,000) 110 collisions

. 158
For 0O, A = 16
a
in (1/40,000,000) 146  collisions
.120
On avarage -8 nsutron after raesaching thermal anergy in carbon

and making ~ 110 collisions wil) bs much further awgey from the
radio-active source and detector than one that hes thermalised
in hydrogen and has made only A~ 18 collisions., In fact 1t cen
be shown that the number of neutrons per unit-volume in a glven
energy range (n(r,E)} et e distance r from a radiocactive source

in an infinite medium follows a Gaussian distribution le.

2

-r
n (r,E) a e e

where.the -parsmeter 1 determines the sprsad of the distribution
and is proportional-to'the square of the mean free path ()} of
the neutrons 'in -the medium eﬁa.invarsely proportional to the
mean -energy- 1oss-perwcollision [E/E4).In general changes in the
energy loss term-iE/Egi with- respect=to changes in the atomic
number of .the.surrounding medium dominate the changes in the A2
term. The slow-. neutron-*'cloud' 48 therefore-smaller and denser

in hydrogen than in any other mataerial.

Basis of Ngutron Probe ‘Method

The .neutron probe method is based on-the approximete relationships
between the count rate at the detector, the slow neutron ‘cloud’

density, the hydrogen density of the soil and hence the volumetric

- e s e . - = -



water content {mplsture Volume Fraction, MVF) of the soil.

The count rete/MVF relstionship, although approximately  linsar

varies with:

{a) different neutron probes: because of -different.

source strengths and different detector geometries

etc.

(b) different soils beceuse of different elements
in composition aend hence differant proportions

of neutron moderators and absorbers

and thus to determine the count rate/MVF relationship both the

neutron probe and the soil must be calibrated.



CALIBRATION

Neutron Probe Calibration

The neutron probe 18 normally calibrated by. determining the

count rate in & laboratory standard of knoﬁn MVF.

Water 1s perhaps the best standard: it is chesap, readily
available it has a high hydrogen density and en exactly known
MVF which by definition 1s equal to unity.

Plastic transport shields are not good standards: they are

usually too small for the neutron cloud to-be wholly contained
within the shield and the count rate 1s influenced by material
outside the shield. The coefficient of expansion of plastic 1is
also relatively high and count rates are likely to be tempera-

ture dependent.

olo[LJ
olo
ojo
ol|o

=

= T —..7;; WATER ORUM
$il---- =l ——
| it et
R Fig. 4

It- is recommended that the ‘calibration be performed imn a water
drum of minimum diameter 50 cm. [(Fig.4) A precision of 0.1% in
the count rate 'in water, Ry 1s perfectly feasible. This requi-
res a total of~17000.000 counts to be obtained and for the

Wallingford probe with a 50 mCi source - Ry ~1000 cps and the

counting time should be =16 min.

‘Spil Calibration

This can be obtainped from:

-10-



1. A knowledge of the elemental composition of soil and the e-
lemental neutron capture and absorption cross sections, The

analysis 1s however difficult and expensive to perform although

a new technigue .which involves obtaining macro-cross aections

by bombarding so0il samples with ngutrons in an atomic pile holds

promise (see sg Comparison of methods of calibration of & neutron

probe by grevimetry or neutron capture model, G Vachaud, J M

Royer and J D Cooper, 1877. Journel of Hydrology 34.343-356).

2. Drum calibretions performed in the Laboratory. This method 1is
very time consuming and laborious &8s large volumes cf soll

have to be dried and repecked to obtain each calibration point.
3. Field celibrations, This method_involves:

(i) Determining the count rate, R, in the s0i1

(11) Dbtainihg s0il cores at each measurement depth

{111) Determining the moisture volume fraction [(MVF) of the
"so0il cores by dividing the change in weight (gm) of the
so0oil core following drying at 105°C by the volume of the

core (cc)

(iv) Plotting the MVF of the soil core against the ratio of

the_count::rate R to-the count-rate in water Rw'

Typical Results

Bell (Institute of Hydrology., Report n® 19) gives the following
calibration-curves-M.V,F. for-different soil types (Fig. 5)

-11 -



Sand, gravel, silt

Loams

Clﬁy:

MVF

peat
]

MVF = 0.790

R
0-867 X T . 0.018

MVF

Rw
R
0.985 x .ﬁ—; -

x———-

Rw

0.012

0.024
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Measurement Errors

The nsutron probe 1is normally used to messure changes in mois-
ture content with time {(AS) rather than the absolute moisture

content of the so0ll.(S). In most cases it is the spatisl mean

change in molsture content (AS) of the soil that i3 required

and hence the error that should be minimized is the:

ERROR IN THE SPATIAL MEAN MOISTURE CONTENT CHANGE
WITH TIME,

i.s. ERROR 1n AS

This error will havs both random and systematic components
which arise from both errors inherent in the neutron probe

method and those due to the real spatial varisbility of changes

in so0i) moisture (see Table 1]).

Random errors are menifest as an incressed veriability in the
change in soil moisture recorded at different sccess tubses.
"This-resvults-:in-'en -increase .1in the standard deviation of the

changein 's0il moisture [UAS] recorded at di?farent access

..tubes and .hence results in.an increase in the

STANDARD ERROR IN THE SPATIAL MEAN MOISTURE CONTENT
CHANGE WITH TIME .

i.e. OAS//; (where n is the number of access
tubes)

Ideelly then we should minimize the systematic errors as far
.ls as practicable and then reduce the random component (UASI/F]
until this is at least of the seme order of magnitude. To do
this 1t 1s worthwhile considering in more deteil how th9§9

component srrors arise. The following treetment considers only

those which are normally significant.

-13-



TABLE 1

Source of 'error in AS

RANDOM SYSTEMATIC

[ N W~V

Errors inhsrent in the neutron probe method:

Random counting error

Soil cplibration arror Soil celibration error

Interface error Interface error
Errors which should be insignificant if modern equipment
the correct measurement techniques are used;

Depth location errors Depth loecation errors

Tharmal drift of the nsutron Thermal drift of the nautron

probe count-rate probe count-rete

prgﬁetcalibretion error

and

.Errors dus.to the :real spatial variasbility of AS arise from:

Spatiallyﬂvaridble precipitation

‘Spatially™variable Toot abstraction

l_f_ ‘Spatielly variable drainagae

-14-



Random Counting Error

This arises from the random nature of the radio-active decay
process. The numbar af neutrons counted per fixed time inter
val 1s likewise random and has a distribution in which negative
values are not possiP}e, p.Poisson distribution (Fig. 6)

f

v 13,

Lo ‘J

MEAN COUNTS PER TiME INTEAVAL »

.

.

-

T g g
[l
FREQUENCY

Wi = = oo o o o o

i WUMBER OF COUNTS PER TIME INTERVAL Fig. B

LT .

For a Poisson distribution the standard deviation is equel to

the square root of the meen.

1.e. 0 = /N

Hence the standard error of the mean number of counts per time

interval

standerd deviation

/Yn® of observation periods

3ia

----- (where -n is number of observation periods)

d.e— standard error /N

——

of mean counts /;

per time interval

standard serror
mean

and the cogfficient of variation

-.1 5_
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ie, cogfficient of = 1

variation N n

Exampla:

Calculate the random counting error in

vation of 625 cps determined over a §4°

Tha mean counts ﬁ_in a 1 second period

‘The number of cbservetion psriods n

the neutron probe obser-

second period.
= 625

= B4

stan@ard arror = :;ﬁ

(e}
N
uh

|

.
o
H

25
B

w

= 3.125 cps

-.CDB'Ff.. N

|_.

of variation = ,——.
W N.n-

4

,;' 625 ‘x64 -

1

200

'=-0.5%

-1g-
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Soil Calibration Errors

Thess are manifest as both randoﬁ and systematic errors.

They can be random in the sense thst if the same soil calibration
is used for all the ‘tubes in a network and genuine varistions in
aoil properties (and hence calibrations) do occur within the net-
work than Oas will be increassed as will the standerd error of ths
mean change in soil moisture, O4is//m "

They will bs systematic 1f the soil caelibration that is used ‘dif-

fors from the areal mean calibration of the network.

In practice it 1s unrealistic to hope to reduce the systematic
arror to below -5% and this sets an effective 1imit on the ac-

curacy of the neutron probe method.

n.b.

:As the renge--of slopes of calibration lines from all soils—is
--only 18% {provided no neutron absorbers are present) 1t may be
valid .to use a previously determined soil cselibrsastion which 1is

selected according to the soil typa (Fig. 7)

.n'.c
L N A 3 : 10 ¢
I .»‘- .,...nl.&.“ EI&R_'.....L _.i» ‘\ '\m»“-—!:—

Fig. 7

For highest accuracy a field calibretion should always be per-

formed.

-47-
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Interface Errors

The neutron probe method does not provide a "point” measurement

of moisture content. In fact the probe has a "sphere of influence”
which decreasas with distance from tha source/detector. The sizs
of this “aphere of influence” varies with the moisture content of

the soil, it being larger in dry soils than wet soils.

Variation in the size of the sphere of influence with moisture
content can therefore lead to significant errors in the measure-
maent of S and A4S particularly when non-linegar gradients of mois-
ture content occur with depth. This sffect 1s normally most pra-
nounced for surfacs measurements where large moisture gradients
occur at the soil/air interface. Thus as the surface soil dries
the sphere of influence 1ncreasaes and a higher proportion of
neutrons are "lost" (Fig.8). Hence the R/R, ratio 1s reduced and

the slope of calibration curve 1s changed.

10—
SORFACE CALIBRATION

w
>
=

T BULK  I0IL CALIBRATION

Fig. 8
1.0—
1
o R/Rw 0

Avoldance of interface srrors

A number of methods aexist anmd the choice is determined to saome

extant by the Iindividual circumstances:

1, Perform a separate soil calibration for the surface layer.
(This is probably the most accurate method]).

2. Uss a numsrical correction based on an emoirical relationship
derived for idealised soils (see ag ARC Grsat 8ritain, Letcombe
Laboratdry Annual Raport 1973, A method for 1improving the ac-
curacy af measuring soil moisture near the scll surface with a

neutron meter, %W Harris).

-18-



3, Use a surface extension tray. This involves filling a fibre-
glass tray with o sample of the surface layer of the soil and
then placing the tray around the access tube (Fig. 8). The
"loss"” of neutrons is reduced but the method does have dis-
advanteges; if measurements are made regularly the crop may
become trampled. Furthermore the moisture content of the soil
may not:'be representative of that in the top layer of the soil
unless the tray is filled each day with a new sample of soil.
This method is however simple.to use and can give good results

in certain circumstances.

R e o U VS AV

/}\c ccr,lt_',‘ -('.(:‘-t‘?‘:_.‘".

e e i e Em b — e

FRSAS :
el PR
v

’ { : (4
Surpacy eaclensian Uy

U Fig.4..
4. On wet soils (>0.7 MVF) irterface errors arising from méasure-
ments taken at 10 c¢m or more below the soll surface can probably

be ignored.

Spatial variability of AS

The spatial variability of the change in soll moisture 1is determ-

ined mainly by:

1) Spatial}}iyariable“precipitation
2)  Spatially variable root water abstraction

3) Spatiallg variable soil water drainage

These effects are perhaps .best illustrated by exemple. Observations
of the change in soil moisture made with a forest access tube net-

work of 20 Tubes with approximately 2 m spacing (Calder 1976 The

ﬂ
I

Measurement of water losses from a forested area using a "natural”

S s “~lysimater, J. Hydrdli.’SQ;‘3114325.] indicated a standard: deviation

[abslrbf'apbroximatély-s mm during dry periods.



However, following rain especially rain which did not return
the spil to "fiseld capacity” a very high variability was found
({04AS = 15 mm).*

O, A roLLOwING RAIN

€ - - o~ )
ZO0mmf— - & DRYING

10 |-

is Fig. 10

This high variebility is a raflection of the "spotty"” nature of
throughfall end stemflow bensath a forest canopy. Such high va
riebilities in 4S5 are not normally found on grassland sites fol

lowing rain.

Thus during dry conditions the standard error of the mean change

in soill moisture content determined with & 20 access tube grid 1is

standard deviation of change

¥ number..of observations

'\1Q
nN| e
ol |»
q o
o

1.1 mm

During wet conditions the standerd error 1is:

I EE N I B N B B B B B o e e
o
L ]
-
-
-
»
Ool-
i
]

-
uwn

= 3.4 mm

3

’,

) *n.b.
The standard deviation g,g is determined both by the resl
spatial variability and by the random errors inherent in the
neutron prokbe method

i.e., 988 = ORSvZ « Orc? . 0y2?

where CRSC = standard deviation of resl spatial variability
Orc = standard deviation: of random counting
Ox r standard deviation of all other randem errors

of neutron probe method

-20-
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NETWORK DESIGN

Two guestions which always arise in the design of access tube net-

work are:

1. How long to count (for the Wallingford neutron probe the

choice is normally between 16 and 64 ssc).
2., How many tubes.

The followlng treatment is concernsd only with providing answers
to those questions in situations where the time spent travelling
between access tubes is small compared with the time taken to

read the access tubes: the experimental plot rether then the lar-
ge catchment situvation. (It is intended to describe a solution to
the more general catchment situation problem in & separate publi-

cationL

Remember that we wish to minimize the error in the spatial mean
change in spil moisture, the random component of which 1s given

by:

)

which can be expressed as:

OAS Yag 2 ¢ o] 2

/n /n

where 0, . = standard deviation of rendom counting

0SV = standard deviation of real spatial’
variability and other neutron probe rsasndom errors

= number of tubes

Optimum counting time/number of tubes

The optimum counting time (optimum in the sense that O,q/vn

~is. _minimized for & given amount of operator effort) cen be

i

'~ B N I B I I &S BN O B I G B D &R = =
Q
=
w

=21 -



determined from & knowledgse of.spatial variability (gg,) and the
fact that an operator tekes approximastely twice as long to read
a tube or on'64 'sec counts as he does to read a tube on 16 sec counts.

Thus for the same effort an operator can read either:

[a) n tubes on 64 sac counts in which case the

standard srror =

_ - .
016 o 2
/ (5 + ey

or

(b) 2 n tubes on.16 sec counts in which case the

standard error =

Jo 2.4 2

16 8V

Y 2n

(whers gqg 1s the random counting arror on

-16- sec counts)

Hence if error “(b) -< error (e) the operator should
‘read .2 n:tubes on 16 sec count rather than n tubes

on §4 -sec céunt.

-

e 2 2 / (916,¢ ¥
ie, 1f /L1S M l/[ > ] . Ooy

B - raead more tubes
ie, 1¥ 946 < V7 o.. else .increasse counting
time

-22-
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Examela

read more tubes
1'.r Orc < ¥v2 OSV ,

For the forest sccess tube grid in dry conditions the standard

deviation of AS was founa to be ~ 5 mm.

is, OAS = 5 mm

From theory the standard devietion of random couhting for a

typical tube read on 16 sec counts 1s

hance

sV

4.6 mm
thus . _ 1.8 .
.rC 4. 8v
= 0.38 o
thus or£,<_/;——é:i 'th it is better to read more tubss,

The ganarai ﬁﬁiloabbhy.is-thara?dre to determing the counting

‘time from a- knowledge of the spatisl variability of the change

in soil moisturs contant.LoASJ (which ﬁill_in most cases be

16 sec) and then to 1nsept 88 many tubes as 1s practical bearing
in mind that when *pgszis of the same aorder as the systamatic

error in the soil g celibration, the lew of diminishing
returns sets in.

-23-



B - DPERATIONAL PROCEDURE FOR THE INSTITUTE OF HYDROLOGY
SOIL MOISTURE NEUTRON METER

Introduction and design philosophy

Y

The IH Soil Moisture Neutron Meter manufactured by the Didcot
Instrument Co., Abiquon, comprises a neutron probe, 38 mm dia-
meter and 735 mm long, & connecting ceble (customarily 5 m long,
but it can be of any practicable length) and & rate-scaler power
ed by rechargeable batterles. All these components are sssembled
into a single integrated instrument which also includes a hpeavy
polythens safety shield to absorb the fast neutrons from the
probe when 1t is not being used in the soil.

The design philosophy of the system has been to improve porta
bility, to simplify field ocperation and to minimize operatiocnal
fellure by caraful attention to the most frequent ceuses of such
fellure. The use of complex multicore cables for transmission of
a varlety of voltages end signals to and from the probe resuvited
in frequent melfunctioning of previous designs of neutron probe:
the Institute of Hydrology probe, like the Wallingford probe
which- preceded-it, hes:all-the-probe éiactronics housad within

“the probe itself. Thus the EHT voltages of the order of 2000V are
‘~generated-in -situ from-the-12 V 1input provided via the coexial
cables "ths pulses from the BF3 thermal nsutron counter ere asmpli
fied and shaped -before being passed up -the cable to the rate-
scaler. which:-totals the-number of pulses _received 1in =& presat

time of 16 sec. or 64 sec.

Measurements of the moisture content of soils are made by low
ering the probe down .a previously-installed sccess tuba (an alu-
iminium tube of 1 3/4°'"0.D" sealed at the bottom end with & die-
-cast_eluminium plug. and at_the top with a rubber bung). The count
rete '1s then determined at & series of measurement depths and
this .can be related to the MVF of the soil via soil and probe

calibration aquations.,

-24-
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Dperation of Probe

The controls are revealad by opening the clip at the top of tne
carrylng housing and hinging'bpck the ratescaler. The ' rate-scaler
hes three switch controls: on the right 18 thé an/off switch ., Gn.
the left 1s the counting switch with twa time options of 16 or 64
sec. which allows a choice of counting pracision, and in the cen-
tre 1s a test switch, A count s initiated by pressing the switch
in either direction as appropriate to the chosen count time; a
flashing display and an audiblae ‘bleep at onse second intervals
will then 1nd1catg that a count is in progress. The volume of the
bleep can be adjusted by turning the knob:. mounted to the right of
the disqlay. After the chosen counting,tima has elapsed the count
rats will be indicated on the digital display. To check that all
the filaments of the display are. oparational the centrsl test
switch should then be pressad and 1f satiafactory a reading of 888
will be displayed.

The probe can be connected to the rate scaler by means of -the
caeble wound batween the lugs on the housing. Should the cable be
removed aliugethsr from probe and rate scaler, note that thse end

marked red “1s to‘ba-cunnecyad to the probes"With the aduipmant
mndnéed on the aceess%tube’but;tha:proba“106kad‘in.tna housing _,
take a trial reading of the counk in the shield. If the probe has
.not . been switchsd on leave -it "on -for 3D-secnnds before beginning
the trial count. Note "that the dapth counter at the top of the
housing shows - 9994.1.9. 6 -cm-with-thae probe 1ockedVBBCUrely away
5If this*has been altered, it-can - -be- reaet by manipulation of the
knurled screws which scontrol- the friction wheels "between which tha

cpble ‘is released.

Now 'ths probe.can be.unlocked by turning the kay to'tna horizan
tal.'If“it'is difficult to turn, gentle pulling .of the cable may
sebu;a.theQreléaséio{_the‘koy. The cable and the pfobe may now ba
lpwered:through the depth counter by the opsrator pulling the- T
grip towards himself to .rslsase- the cable. When the depth-counter
is reading 0000 the centra.of sensitivity of the probe (1.e. -ths
cantFalﬁpbintﬁo?Zthefannular"ring source) 4is ‘at the top .of the ac-

_25_



ces tube. Because the equipment may not be centred exactly on the
access tube 1t may be difficult to drop the probe down the tube.
This may be resolvaed by moving the. housing until it is obvious

that the probse can be lowared smoothly down the access tubg.

!
Normally the access tube i1s left soma 10 cm proud of the soil

to ensure that water end soll do not fall down the tube. All mea-
surements using the counter are made from the top of ths tube so
i1t 1s esasential to check and note tha precise distance of this
from the soil surface. Thereafter sll measurements of soil mois-
ture are made 1in 10 cm increments down the access tube. Thus if
the access tube was intended to be 10 cm above the surfacs but

in faect 1s only 8 cm, readings should then be taken at 13 cm,

29 cm, 3% ecm, stc.

Probe Calibration

Each day, prior to the taking of soil moisture readings, 1t
is recommended that the neutron probe celibration be checked by
taking 10 readings of 64 sec. duration in a water drum using an
access tube of the same material as that used in the field. The
mean of these rsadings (Ry) should then be plotted graphically
to provide a record and check on the stability of the probe(Fig.
1117 As"'the standard -error of R, obtained with 10 readings of
€4 sec. 1s not entirely insignificant (-1..3 c.p.s) it is pre-
ferable to use the-mean-of a-seried-of R, -values in water contant
calculation and to continue to use this mean value until such
time as the graph of Ry, values indicates that a significant sys-
tematic ‘change in R, has-occurred (perhaps after 1 year of oper-

ation of the probe).

Soil Calibhration

While given cerseful calibration for sach individusl soil the
neutron moisture gauge 1s.capsble of producing accurate absolute
dets, for most agricultural and hydrological purpcses 1t is dif-

‘ferences 1in:'soll moisture gver & pertod that ars required. Indsed
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no other soil moisture measuring tachnique is capeble of repeated
measuremant without soill disturbance other than that necessary
for installation of the access tubes. If differences only are 'ra-
quiéed then the statistically most precise form of the equation
for a given soil will give answers only marginelly different from

a generalised calibration qurve

Soil moisture = 0.867 g; 0.016 l1oam

Technically this curve is for loamy soils while for sands and

clays respectively the equivalent relations would be

-

'So1l moisture ='0.790 0.024 sand

Soil moisture = 0.958 0.012 clay/peat

X L %

Note that the use of the form of calibraetion gw ensures that re-
sults obtained by the probe do not depend 1n any way on the par-
ticular characteristics of a particular probe. Thus in catchmant
ares research 8 number :of probes_may well be in use. Furthaermore
the charecteristics of e individual probe may change with time
due to the radisctive decay of the source (1/2 1ife 450 geers)
or perheps because of .some change in performance of the detector
as whan the BF3 proportianal countar is replaced. Wwhataver the
reason for a difference in the=count for .a given time, "normali-
sation® by dividing the count: ‘by -the count of-the-same-probe in

water will- ensure: lack ;of bias 1in the measurement of soil moia-

ture.

Far organisations such as the Institute of Hydrology which is
reSponsible for soil moisture measuraments in a wide veriety of
locations, computer processing of the results is.practical and
economic, Where only a single neutron.-moisturs meter is in use
computation -by means of ‘a simpla elactronic sc{ee%ific calculator

is quite adaquate. Note that the neutron probe measurement is

rathar like a running average in that the measurements are not
: -
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point meesursments but average non-linearly ths soil moisture (or
rather hydrogen nucleil) in a layer of soil of thickness from 30
to 60 cm depending respectively on whether the aoil is wet or
dry. Thus in assigning “"Layer Factors” of 10 cm each, it is as-
sumed that saech layer’charactaristics the soid) moisture from

the mid-paint of a the measuring intervel on sither side of the
appropriate measuring dapth.,
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