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The problem of determining the amount of water carried suspended sediment is of increas-
ing importance in areas such as agriculture, navigation and water conservation. Conventional
point sampling methods have proved inadequate to meet current hydrology planning needs
because ghort term concentration excursions cannot be monitored. To satisfy the need for a
self-powered, continuous monitoring systemn, a gauge based on the use of radiation from a

radioisotope source, having the capability of continuously measuring sediment concentration
over a concentration range of 1000-50,000 ppm was designed, developed and tested. The
system is capable of operating and recording data unattended for a period of 7-1/2 days on
internal power, thus constituting a completely automatic monitoring system.

The theory of operation, error analysis, calibration methods, operating procedures, and test
results, are presented, ‘

UNE JAUGE RADIOISOTOPIQUE POUR LA MESURE DU SEDIMENT
SUSPENDU DANS LES FLEUVES ET RIVIERES

La question de la mesure de la quantité de sédiment suspendu dans I'eau posséde une im-
portance croissante en rapport aux sujets tels que l'agriculture, la navigation et la conserva-
tion de I'eau, Les méthodes conventionnelles de faire les échantillons d'un point 4 1'autre
se sont montrées insuffisantes 4 satisfaire les besoins courants de dressage des plans hydro-
logiques puisqu’il est impossible de suivre les excursions de concentration de petite période.
Afin de satisfaire le besoin pour un systéme de dosage continu ayant sa propre source d'éner-
gie on a dessiné, mis & point et éprouvé une jauge qui emploie le rayonnement d’une source
radioisotopique, capable de mesurer continiment la concentration du sédiment par une gamme
de 1-000 & 50-000 ppm. Le systéme est capable de fonctionner et d’enregistrer les données
sans attention durant une période de 7} jours sur sa source d’énergie intérieure, ce qui donne
un systéme de mesure tout-d-fait automatique.

On présente la théorie de fonctionnement, ’analyse des erreurs, les méthodes d’étalonnage,
les fagons d’emploi et les résultats des essais,

PAJMOM3OTOIIHOE VCTPOUCTBO NJIA U3MEPEHUA
CYCIIEH3MPOBAHHLIX OCAIIHOB B PEHAX M TEYEHHAX

IIpo6mema ompemelleHHA HKOJMYOCTBA CYCIEHSMPOBAHHHX OCANHOB, IePeHOCHMHX BOAOH,
HMeeT BCO YEOIHUMBANIIESCA BHAYEHHe B TAKHMX OTPACIAX KAK HABATALHA, CeJIBCKO®
xosaficTBo, XpaHeAne BoAK. OGHYHEE METONE BBATUA 06pasUOB N9 PASHEX TOUEK HO MOTYT
YAOBIETBODHUTE COBPEMOHHEIE MOTOME IHADOJOTHYECKOTO IJIANHpPOBAHMA, TAK KAK KpaT-
KOBpeMeHBE® WBMEeHEHHA KOHUEHTPAUMH He MOryT OWTh soMedeHH. A yRoBJIeTBOpeHus
STHX. Hy:Hp, (EuIa paspaboTaHa cHCTeMa ¢ cOOCTBEHHEHNM HCTOYHNKOM NHTAHWUA ACIONEIYIOINAR
PAMALAI0 OT PASMOAHTHEHOIO MCTOYHHKA ¥ MMEIOIAA CI0COOHOCTD HBMEPATH KOHLUSHTP ATIK
B Opemedre ot 1,000 xo 50.000 x 10-°, Cucrema OnIa pasBHTA M NpoBepeHa. OnA cHOCOGHA,
7IeJIATE U SAlIHCHBATE NSMOPEHNA B Tedennn 7.5 THelt, NCHOALBYA BHYTPOHHIOK PHEPTHIO, ITO
OPeBPAMAST 00 B ARTOMATHIOCKYI0 MBMEPAIOIIYI0 CHCTOMY.

TeopHA feltcTeuA, ARAMNY 0IHGOK, MOTOAN KAnnGpoBEM, YNparerne NpuGopoM U pesyib-
TATH NCTHTIHNHA TPEACTABIGHE] B CTATLE,
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RADIOISOTOPENMESSGERAT ZUR KONTROLLE VON SCHWEBEGUT IN
FLUSSEN UND STROMEN

Die Frage Bestimmung des Betrages des vom Wasser mitgeftithrten schwebegutes wird. ithmer
wichtiger in Gebieten wie 2.B. im Ackerbay, in der Schiffahrt und in der Wasserwirtschaft,
Die Ublichen punktweisen Probeentnahmen waren unzureichend filr die Zwecke der neugzeit-
lichen wasserwirtschaftlichen Planung, weil kurzzeitige Abschwe.lﬁmgen in der Anreicherung
nicht kontrolliert werden ktnnen. Um den Bedarf fur ein selbststinges ununterbrochen
arbeitendes System zu decken wurde ejn auf der Verwendung der Strahlung von einer Radio-
isotopenquelle beruhendes Mcssgerit, <das writinterbrocken den Schwebegutgehalt Gber einen
Anreicherungsbereich von 1000 bis 50,000 T.p, Mill. messen kann, konstruiert, entwickelt
und geprtft. Das System kann ohne Wartung arbgiten, und Daten’ reglstnerpn iiber einen
Zeitraum von 7} Tagen und hat ejne eingebayte Kraﬂvcmorgtmg, godass es ein vollkommen

automatisches Kontroilsystem darstellt,

Es wird .die Theorie der Wirkungsweise, die Fehleranalyse Eichmethoden, Arbeitsweisen

und Prufcrgebmsse dargclcgt
" INTRODUCTION _.

THE DETERMINATION of the - concentration’ of -
suspended ‘sediment ‘carried by 'natural ‘and’
man-méade waferways isof increasing xmportahce ’

to agencies concemed with water conservation
and  control,
methods have proven unsuitable in areas where

difficulty of access, or -flash floods and subsg— :

quent large, short term concentration excursions
preclude an adequate sampling program. In
order to satisfy the need for a self-powered,

continuous momtormg system a gauge ‘based -

on the ‘atténuation of radiation from a radio-

isotope sourée has been' developed. Ad-

vantages of a’radioisotope fcchmque are first,
because. a beam of radiation is used ‘as the
sensing agent, the water and sediment are not
perturbed, which permits greater accuracy than
is obtainable using conventional -mechanical
sampling methods; =nd second, continuous
sampling is possible with low power drain and
high reliability. The latter is important inas-
much as the gauge must operate continuously
and unattended for a week at a time.

In order to arrive at the most appropriate
gystem design three areas. were investigated in
detail: (a) - because long . term, unattended
operation was desired it was necessary to
develop an operational theory in the context of
a stable self-reférenced system; (b) since the
radiation energy is of prime importance in
determining attenuation gauge characteristics,

a study to ascertain the most appropriate radio-'

isotope source was carried out; and (c) a
geochemical survey of the conccntration levcls
and composition variation of both dissolved and

- Conventional point sampling -

v

‘undissoli}'c mafériél- a-t‘ i:ypica.l Si-tes was made,

This was .necessary in order to: predict gauge
performance,  because X- and gamma-ray
absorption depends ‘on' both " the ‘dehsity and
composmon of the atténuating éditim. Re-
ports covering the abave regearch are available

from the Office of Technical Serymes* Depart-
‘ ment of Commerce, Washmgton D.C,a23

The sediment gauge described in the following
sections constitutes the end rcsult of these
prehmmary studies, IR i

SYSTEM SPECIFICATIONS

The development program for this system was
sponsored by the Division. of Isotopcs Develop-
ment, U.S.A.E.C. with the cooperation of the
Inter Agency Sedimentation Project.represent-
ing members of thirteen U.S, Agencies interested
in sediment measurement. Through the Tech-
nical Committee of the Sedimentation - Project

.speciﬁcations were egtablished representing the

requirements of a gauge capable of widespread
use within the continental U.S.

Concentration range. 1000-50,000 ppm of sedi-
ment of density averaging 2-65 gfcm?.

Accuracy. Better than 420 % from 1000 to
50,000 ppm by weight.

Data ratricval. Data to be recordcd per-
manently at 15 or 3 min intervals (rcal time) on

' tape capable of receiving data continuously over

a 7% day period without replacement.

Environmental. Operational temperature-mea-
suring head, 32-85°F; control unit, 20~120°F;
survival temperature-measuring head and elec-
tronics —15-120°F. ‘



Tc. 1. Photograph of underwater measuring head and control unit. The channel extension
shown on the hcad provides for a smooth flow of water through the test channel. No
perturbation of sediment has been observed for flow rates up to 6 fps.
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Power. Operable either from 115V, a.c,
power source, or from four automobile type
batteries capable of supplying all system re-
quirements for 7% days of continuous operation.

DESCRIPTION OF GAUGE

The gauge consists of two units connected by
up to 125 ft of flexible cable: a weatherproof
shore based control unit; and a submersible
measuring head. Figure 1 is a photograph of
both units. The shore unit is an aluminum box
16 in X 9in X 8 in, weighing 17 Ib, containing
a_ digital printer, the various counting elec-
tronics, a timer and the necessary low voltage
power supplies. A switch on the control unit
allows selection of a 15- or a 3-min readout
period. Since readings are printed out in digital
form on paper tape at accurately timed intervals
their sequential position indicates the time of
reading if the starting time is known.

The measuring head is brass, weighs 50 1b,
and is 7§ in, 93 X 11 in. It contains the radio-
active source, the source switching mechanism,
the X-ray detector and preamplifier, and the
high voltage supply for the X.ray detector.
External brackets are provided for mounting on
the side of a wall or pier,

Basically, the gauge observes theé ratio of X-
ray transmission through ambient water con-
taining suspended sediment and a reference
liquid such as distilled water. This ratio is a

.function of the ratio of the X-ray attenuation in

the two liquids and, therefore, in the absence of
an appreciable amount of dissolved material,
the ratio is a function of the concentration of
suspended sediment in the ambient water. This
mode of operation ¢liminates errors that would
otherwise be introduced due to the decay of the
radioactive source, secular drifts in the X-ray
detector response and in the electronics, and
changes in the liquid density due to temperature.

The radioactive source is Cdi® in the form of
metallic cadmium plated on a copper substrate.
This source has a half-life of 470 days and emits
an electron capture X.ray of 22 keV energy. It
also emits an 87 keV gamma ray about 49, of
the time. Gauge operation depends on the
attenuation-of the 22 keV X-ray (the 87 keV
gamma-ray forms an undesirable radiation
component since it is relatively unattenuated in
traversing the water path)., The radioactive

source has an initial strength of about 1:3 me
and is designed to operate the gauge for over one
year.

The X-ray Detector is a square cross section
side window proportional counter filled with two
atmospheres of 909 krypton-109%, methane,
The window 1s 5 mil beryllium, and there is a
two-inch path length for the detected X-rays,
which results in an efficiency of 809 at 22 keV
and 29 at 87 keV. Thus, the probability of
detecting the unwanted gamma at 87 keV is
small, The shape of the observed spectrum
after transmission of the X-rays through 8 em of
distilled water is shown in Fig. 2. The peak
below the 22 keV peak is the result of escape of
the krypton K X-ray after detection of the 22
keV X-ray. As a result of the very high signal
to noise ratio inherent in this type detector it is
possible to use an integral electronic discrimi-
nator set at about 4 keV.

The gauge has been designed and con-
structed to insure compliance with the most
stringent safety requirements, The radio-
isotope used emits primarily a low energy X-ray
which is almost completely absorbed in the
housing of the gauge. Moreover, because the
source material ig electroplated metallic cad-
mium the possibility of leakage of source
material is remote. The external radiation
levels at exterior surfaces of the gauge are low
(less than O-1 mr/hr) and the unit may be
handled without the necessity of monitoring
external radiation.

THEORY OF OPERATION

The radioactive source is cycled mechanically
between two positions to provide attenuation
measurements sequentially on known and
unknown media. The dual cell arrangement is
shown in Fig. 3. For theoretical purposes it is
considered that the reference cell contains
distilled water which assumes the same tem-
perature as ambient water. The X-ray ah-
sorption equation for the reference cell is
described by

N, = Nje %rd® Y

where N, is the number of counts due to source
X-rays that are detected per sec, # is the X-ray
path length in the reference cell, ¢, and p,, are
the mass absorption coeflicient and density of
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. the distilled water and N, is the number of
counts per unit time that would be detected if
there were no water in the reference cell. The
count rate recorded in a similar cell containing

PROP. COUNTER
X-RAY DETECT?R

Cd-109
SCOURCE

SOUR& SWITCHING
MECHANISM

REFERENCE CELL
Fia. 3. Schematic view of measuring head.

100
CHANNEL NUMBER

Fia. 2. Differential pulse height spe ctrum of C100 source observed by proportional counter.

the suspended sediment is

Nm = Nze"[(“a — @) + dplome (2)
where N, is the number of counts that would be
recorded if there were no water in the sediment
cell, and where o, is the absorption coefficient
for the sediment, f is the fractional weight
occupied by the sediment and p,, is the density
of the sediment-water mixture,

_ e

"~ pe —Spy — Pw) )

Pm
Here p, is the sediment density.

For sediment concentrations no larger than
f=0-05 (50,000 ppm), the maximum design
limit, the second term in the denominator of (3)
is small compared to the first. ‘Then

palpw ™ 1 +fpe— polen @)

Division of (2) by (1), utilizing (4) and neglect-
ing the very small term in f2 yields the ratio R
defined by

R = N_|N, = Cef1S (5)

where C = N,fN, is the value of R when f = 0
and is a constant for any gauge and reference
liquid. Due to slight differences in mechanical
alignment etc. it iz not exactly unity even with a
distilled water reference. This has no effect on
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system accuracy. § i3 a ‘‘stream constant”
defined by

8= 1{p (e, — Pwawlpl) (6)
8 can be written as a fraction, or it can be given
the units of ppm if fis written in ppm. Solution
of (5} for fyields
f=8In(CN,/N,) =8In(CR) (7)
Thus the first order correction to the change in
mixture density with £, as given by {4), can be
included, and attenuation of the radiation is
described by the simple exponential form of (5).
Use of this expression, rather than the more com-
plicated one that results when (3) is used for p,,,
introduces an error of only about 1%, at 50,000
ppm. The error is actually somewhat less than
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this if § is defined experimentally rather than
calculated from (6).

Although equation {5) was derived under the
assumption that distilled water is used in the
Reference Cell, it is equally applicable for
other reference liquids. Both € and § depend on
the reference used, thus equation {(6) can conly be
used to estimate § for distilled water,

System operation can be understood with
reference to the block diagram of Fig. 4. The
cbjective of the counting system is to measure
the ratio of counting rates of source X-rays
transmitted alternately through the Reference
and Sediment Water Cells, This is accom-
plished by accumulating counts in the Reference
Counter for the time required to reach a

MOTOR |e
l ‘5- SOURCE
DIST'D. WATER| SEDIMENT
REFERENCE CELL [WATER  CELL
X-RAY
DETECTOR
SUBMERSIBLE MEASURING  (—
HEAD AMPLIFIER
SHORE |AMPLIFIER|
DISCRIMINATOR-
SHAPER
REFERENCE REFERENCE | SEDIMENT SEDIMENT
COUNTER GATE BATE COUNTER
= b 3 3
g w W]
-1 H g ﬁ o
_o| VERMER TIME 3 & s| 3
GATE z |
E
l & DIGITAL
VERNIER TIME ol PEiNGER
COUNTER CONTROL
VERNIER TIME
OVERFLOW |+
STORAGE |
8CPS CLOCK 400 CP§ MOTOR
- . el
PULSE SOURCE 9YITEM TIMER DRIVE

Fic. 4. Counting logic block diagram.
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selected capacity, and then the number of
counts accumulated in the Sediment Counter
during an equal amount of time is printed out.
In this way the Sediment Count reading is
proportional to the ratio N,,/N,. The length of
time required for the Reference Counter to
reach the preset value increases over a period of
several months as the source intensity decreases.
However, the statistical accuracy is the same
throughout the life of the source since during this
period the same preset number of counts N,, is
always accumulated.

A description of the counting system operation
is as follows. Initially, a switch selected choice
is made between ratio printouts every 3 or 15
min, corresponding to 160,000 or 800,000
accumulated counts, respectively, in the Ref-
erence Counter, Once the unit is placed in
operation the sequencing of all events is con-
trolled by the 400 ¢fs System Timer., At the
beginning of each measurement interval the
Reference and Sediment Gates recéive a signal
that allows them, subsequently, to be switched
open or closed by signals from the Motor Drive
unit,

The X-ray Detector pulses, processed by a
Pre-amplifier, Amplifier and Discriminator-
Shaper, are routed to both the Reference and
Sediment Gates simultaneously, Only one of
these gates is open at any time, however, as
controlled by the Motor Drive which is actuated
by the System Timer. The source is switched,
and at the same tlme these gates are opened and
closed, once every twelve seconds until the
capacity selected is reached by the Reference
Counter. The relatively rapid switching mini-
mizes effects of temperature changes, etc.
during the measurement interval. During the
first second after each switching operation the
system is allowed to stabilize, and the counts are
recorded for the last eleven seconds. At some
point in the cycle, after the source has been
switched a large number of times, the Reference
Counter overflows producing an output signal,
This closes the Reference Gates for the remain-
der of the selected measurement interval and
brings into operation the vernier time system.
This system determines the portion of the final
11-sec required by the Reference Counter to
overflow and allows the Sediment Counter to ac-
cumulate counts for this short additional period.

C. A. Ziegler, J. Papadopoulos and Bach Sellers

Its use increases the accuracy of the measurement
considerably over that which would be obtained
without it, The vernier system quantizes each
11-sec counting period into 88 segments 0-125
sec long. by use of an 8 ¢fs Clock Pulse Source
derived from the Systemn Timer, The overflow
signal from the Reference Counter opens the
Vernier Time Gate and allows the clock pulses
to be accumulated in the Vernier Time Counter
{a pulse scaler). Thus, some portion of the total
of eighty-eight pulses generated in 11-sec will be
accumulated before the source is switched to the
Sediment Cell. This directly measures the
portion of the final 1l-sec not used by the Ref-
erence Counter, When eighty-eight pulses are
accumulated the Vernier Time Counter pro-
duces an overflow signal that is stored in the
Vernier Time Overflow Storage and which
closes the Sediment Gate for the remainder of
the measurement interval. The pulse scaling
portion of the unit is then dormant until the
System Timer actuates the Digital Printer and
Control either 14§ min or 2§ minutes, after the
beginning of the measurement interval, depend-
ing on whether a 15 min or 3 min print rate has
been selected. ' The Control queries the Sediment
Counter and the four most significant digits of
the ratio R are then printed serially in digital
form. The entire process is again initiated when
the Counters have been cleared and the Gates
are opened by the System Timer.

CALIBRATION AND GEOCHEMICAL
CONSIDERATIONS

Calibration procedures., The gauge can be tested
in the laboratory using materials which simulate
sediment. Both sodium sulfate and aluminum
sulfate are suitable for this purpose, since they
contain typical sediment elements and are in
the correct density range.

The gauge is supplied with a curve obtained
with simulated sediment and an accurate read-
ing of the ratic output with distilled water in
each cell. This defines C of equation (5) for a
distilled water reference. Since the response is
linear on log paper, the user can obtain =2
complete calibration curve for a particular
stream simply by obtaining one or more point
sample measurements of £ and plotting them on
the log paper against the ratio indicated by the
gauge. A straight line is then drawn through
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Fig. 5. Typical calibration curve obtained using
sodjum sulfate and distilled water reference.

these points and that corresponding to f= 0.
A typical curve is'shown in Fig. 5.

In practice it is necessary to carry out this
calibration procedure whenever the user has
reason to believe that a significant change in
sediment composition has occurred, This means
that recalibration is necessary at suitable inter-
vals if the gauge is left in one location, or if it
is moved to a new location.

Geochemical considerations. In general, X- and
gamima-ray absorption depends on both the
density and composition of the attenuating
medium. Therefore, a valid correlation hetween
gauge response and suspended sediment con-
centration requires that certain criteria be
satisfied. First, the dissolved material must
either make a negligibly small contribution to
the density, or its concentration must be mea-
sured separately (e.g. by a conductivity cell)
and an appropriate correction made. Second,
variations in the composition of dissolved and

undissolved material must have an acceptably

small effect on gauge accuracy, Regarding the
. first of these factors, it was found that in
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‘the continental U.S. many sites exist where the

concentration of dissolved salts in' the water is
sufficiently low to have a negligible effect on

~ gauge response. Also, experiments carried out

using a conductivity gauge to determine the
concentration of dissolved salts demonstrated
that the output of the radiation gauge could be
suitably corrected so as to allow operation in
water having a high concentration of dissolved
material®, With regard to the second factor,
the proper selection of radiation energy is of
chief importance in minimizing effects due to
variation in the composition of suspended
sediment. The intermediate 22 keV energy

‘photons emitted by Cd!® appeared to offer the

possibility of a compromise by providing
reasonable gauge geometry as well as relative
freedom from composition effects. In order to
establish this, a geochemical survey was carried
out in which the elemental variation of un~
dissolved solids at a number of sites in the U.S,
was determined. The results of this survey were
then used as the basis for predicting gauge
response under typical sedinient composition
variations.(1:2

SYSTEM ACCURACY

The gauge performance is influenced by
several sources of errors and the joint effect of all
simultaneous, but independent fluctuations is
considered here,  The errors involved in any
measurement may be broadly classified into
systematic and random. The systemanc €ITOrs
are primarily due to composition variations in
the suspended sediment, and possible long-term
temperature variations, Random sources or
errors are predominantly due to the statistical
nature.of emission of radiation, and, to a lesser
extent, the reproducibility of source. position-
ing. Effects of composition variation and
statistical errors are amenable to analytical
treatment and are examined in that manner here
The effects of other sources of errors were
deduced from experimental observations per-
formed under controlled conditions,

At concentrations of only a few thousand ppm
the - principal source of errors is due to the
statistical nature of emission of radiation and it
is thus appropriate to consider its effect first,

Statistical uncertainty of emission of radiation. The
statistical uncertainty in sediment concentration,
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Af, can be related to the uncertainties of
accurnulated counts N,, and N, by

= (o]

Using (7) and fioting that on a one sigma basis
w=VN.; AN,=VN, (9)
yields the fractional standard deviation error in f

1 /(1 + NN,
VN, In{CN,/N_)

or, alternatively, from (5) and (7},

= 3 (1)

Since N,, is constant in this system, the statistical
error associated with any sediment concentration
S can be readily computed from (11} once € and
the stream constant § have heen determined;
i.e. once a calibration curve has been obtained.
Equation {11) shows the dependence of statistical
uncertainty on stream constant and sediment
concentration. To obtain an estimate of this
uncertainty consider the approximately worst
cases anticipated: f = 0-001 (1000 ppm), § =
0:100, and ¢ =1. Then the statistical un-
certainty on a one standard deviation basis is:

3-min readout: §f = +3559,
15-min readout: §f = +159%

o = f (10)

eﬂs

(11)

(12)

Effects of composition variation. It is evident
from equation (7) that a fractional deviation in f
is equal in magnitude to an identical fractional
deviation in the stream eonstant §. Thus

AS

(8f) comp = (%)cm =8=— (13

45 can be obtained either experimentally, from
calibration curves of two materials with known
differences in density and absorption coefficient,
or analytically from equation (6) which has been

shown to agree reasonably well with observed .

data, and should thus give an adequate estimate
of the errors involved., The desired expression
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can be derived as follows:

os
da,

o8

AS = 3

Aa, + ] Ap,

= (Aa, + ";ﬁ‘” Ap,) So.r (14)

From equations (6), (13) and (14} the fractional
change in sediment concentration f can be
related to fractional composition changes da,

and 8p, by
(] ﬂaaﬂ + “w Wa -}
(&f)comp = = PGP — i B (15)

Based on geochemical survey datal? it was
found that variations in sediment composition at
a specific location introduces a variation in the
absorption coefficient of sediment, for 22-keV
X-rays, of about 3% and a variation in the
sediment density of about 29;. Their com-
bined effect, according to (15}, introduces an
error in sediment concentration of about 35 %,

Experimental tests. The foregoing discussion on
the statistical uncertainty provided a measure of
the distribution of individual measurements
about a mean, as described by the Poisson
distribution. The distribution of the calculated
statistical fluctuations, about a mean, was one

50 T i T I T
ADD 3B% TO PERCENT RANDOM ERROR |
L SHOWN TO OBTAIN TOTAL ERROR a
| $ = 0100( 100,000 ppm !
I ¢ -0
20
- 3 MINUTE READOUT
g | 18 MINUTE READOUT
i 10
[T - -
s [ J
o
2 sl \\ ]
E - 4
"]
g 2
& ~N 1
I < .
0,5 1 1 i
[} {e] . 20 30
f(10® ppm}
Fi6. 6. Typical variation of random error with
concentration.
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which would be observed with an ideal counting
apparatus (a system with no drifts or noise
counts, and a counter with no dead-time losses).,
In practice the finite resolving power of the
counter will tend to reduce the true dispersion of
counts. Additionally, spurious periodic dis-
charges of the counter and linear amplifier may
also distort the true randomness of incident
radiation.

Accordingly, tests were conducted in order
to determine the magnitude of these effects at
room temperature, and for typical temperatures
in the high and low regions of the operating
range of the shore base control unit which
contains the counting circuitry.

Ag a further verification of the assumed dis-
tribution a statistical test for “‘goodness of fit"’
between the observed data and the assumed
spread of Poisson distribution was examined.
The chi-square test was employed for this
purpose. The result of this test was satisfactory
and it indicated that the apparatus behaved
properly and that the assumed Poisson dis-
tribution was correct. The 3-min readout option
was tested in a similar fashion and the agree-
ment between observed and expected per-
formance was likewise satisfactory.

It was concluded, therefore, that the only two
significant errors are the random statistical
error, given by equation (11}, and the systematic
comnpogition variation error given by equation
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(15). The total error may be evaluated with the
aid of Fig. 6, which shows the variation of per
cent random error with concentration for both
the 3-min and 15-min readout options. This
was calculated using assumed values of C = 1:0
and § = 100,000 ppm, which are typical of those
expected. It is seen that with the }5-min
readout the sum of random and systematic
errors’ (3:5%, due to composition variations)
amounts to 1959 at 1000 ppm. With the
3-min readout the total error (random -+
systematic) becomes less than 209/ for con-
centrations greater than about 2200 ppm,

OPERATIONAL USE

Eleven gauges have been placed in operation
at various sites within the continental U.S.
These sites were selected to provide wide
variations in climate and geochemistry. Field
data obtained over approximately a one year
period is being evaluated by the U.S. Inter-
Agency Sedimentation Project.
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