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ABSTRACT

The operating characteristics of the SRP
Standard Gamma Scintillation Counter and

the SRP Special Alpha Scintillation Counter
were 1nvestigated. Results on both counters
are essentially the same. Plateaus are over
200 volts long, with a slope of approximately
one per cent per hundred volts. Reproduci-
bility is satisfactory, but the background

1s high. The coincidence correction is less
than one per cent per 107 counts per minute.

External Distribution According to
TID-4500, 9th Edition
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SRP SCINTILLATIGON COUNTERS

INTRODUCTION

Thils 1nvestigation was part of a program to study
the various types of counting equipment procured for use at
the Savannah River Plant. The purpose was to determine the
characteristics and limitations of the Special Alpha Scintil-
lation Counter, in which the phosphor is three inches in
diameter, and of the Standard Gamma Scintillation Counter
with a one-and one-half-inch phosphor.

The plateau, background, reproducibility, and
coincidence correction were investigated. %i ilar studies
of the SRP standard windowless fl w counter{l) and the SRP
standard Gelger-Mueller Counter were made previously.
This investigatilion concludes the program to study the
various types of counting equipment, and no further work
1s planned.

SUMMARY AND CONCLUSIONS

The Scintillation Counters were found satisfactory
for general use at_the Savannah River Plant for counting
rates up to 2 x 10 counts per minute. Neither couhter is
recommended for countling very low level activities.

Plateaus For both alpha and gamma counters, the
plateau- 1s: at least 200 volts long. The location
of the.eanter of the plateau is S50 = 50 volts for
all counters tested. The slope at this point is
about one per cent per hundred volts.

Backgrounds The background of the Gamma Scintil-
lation Counter, inside the standard three-inch
iron shileld, 1s high. The lowest background
observed was 3535 counts per minute and the highest
background observed was 523 counts per minute.

The lowest background ocbserved with the Alpha
Scintillation Counter was 1.2 counts per minute,
and the highest was 18 counts per minute. This
relatively high background makes the Alpha Counter
unsuitable for counting very low levels of alpha
activity (i1.e., one to two counts per minute).

Reproduclibillity With a single scintillation
counter, elther alpha or gamma, the variation of
replicate counts was about that to be expected
from statistics. However, one alpha counter,
tested over a long period of time, showed a defi-
nite drift of counting rate with time. This drift
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was slow enough so that the reproducibility of
duplicate or triplicate counts was not affected.

The variation in the counting rate of an alpha
source, counted on six counters, was less than five
per cent. The variation in the counting rate of a
gamma source, counted on six counters, was less
than twenty per cent.

Coincidence Correction The coincidence correction
for elither the alpha or gamma scintillation counter
can be calculated from the following equation:

N =R+ 6.335(10'8)32 + 5.553(10'14)R5

where N corrected counting rate

R

observed counting rate

For R < 2_Xx 105 counts per minute, the expected
error in M is less than one per cent. A table of
coincidence corrections for counting rates up to
Hh X 102 counts per minute is included in the
Appendix to this report.
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EXPERIMENTAL WORK

GENERAL

The SRP Specilal Alpha Scintillation Counter is com-
posed of the followlng major components:

(1) Scaler (Tracerlab Type CC-10)

(1) Scintillation Probe (General Electric Co.
Type 122C255G1l)

(1) Three-inch Alpha Phosphor (Nuclear Research
and Development, Inc.)

(1) Scintillatlon Planchet Counter (Nuclear
Research and Development, Inc.)

Figure 1 1s a photograph of the complete Alpha
Scintillation Counter.

The SRP Standard Gamma Scintillation Counter i
composed of the following major components: :

(1) Scaler (Tracerlab Type CC-10)

(1) Scintillation Probe (General Electric Co.
Type 122C255G1)

(1) NgI(?l) Crystal (Harshaw Chemical Co., Type
- XoL2

(1) Scintillation Planchet Counter and Donut
Shield (Standard Engineering snd Machine Co.)

Figure 2 1s a photograph of the complete Gamma
Scintillation Counter.

A photograph of the phosphor used in each type of
scintillation counter is shown in Figure 3. On the left 1is
the alpha-sensitive zinc sulfide screen, formed on the large
end of a conilcal lucite light pipe. The small end of the
light pipe is machined to fit the end of an RCA 5819 photo-
multiplier tube. The sides of the cone are prainted white,
to reduce the light losses. On the right is the sodium
iodide (thallium activated) crystal with the small lucite
light pipe that couples it to the 5819 photomultiplier tube.

Dow Corning "200" fluid having a viscosity of 106
centistokes provides optlcal coupling between the phosphor,
light pipe, and photomultiplier tube. '

‘ 3ix different counters of each type were employed
In each phase of this investigation. A different scaler and
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probe were used in each counter, but the same six scalers
and probes were used for both the alpha and gamma counters.
The same phosphor was used for all six counters of each type,
and the effect of using different phosphors was determined
in a separate experiment,

PLATEAUS

Plateaus were determihed for the six different
alpha scintillation counters and the six different gamma
scintillation counters., No significant difference was ob-
served between the two types of counters. Plateaus for two
counters of each type are plotted in Figure 4, Curves for
the other four counters of each type lle between the two
curves that are plotted, All plateaus were at least 200
volts long with a slope of approximately one per cent per
hundred volts over this range, A potential of 950 volts
lies on the plateau of all counters tested.

BACKGROUND

Backgrounds were relatively high for all twelve
counters, These backgrounds were measured at the normal
operating voltage, determined by running a plateau. No
specific attémpt was made to measure either the reproduci-
bility of the background, or the variatlon of hackground
wlth photomultiplier anode voltage, What data were obtained,
however, indicate that the reproducibility is poor, and that
the background varies considerably with anode voltage; The
observed backgrounds for the six counters of each type are
tabulated below. »

OBSERVED BACKGROUND FOR TWELVE SCINTILLATION COUNTERS

Alpha Counters : Gamma Counters

Counts Counts

Counter per Counter per

Numher Minute Number Minute

1 18 7 512

2 1.2 8 459

2 15 9 523

i 3.7 10 2255

5 12 11 429

6 12 _ 12 Loy
REPRODUCIBILITY

The colncidence corregaion was determined by makig%
324 ten-minute counts, Nine Co gamma sources and nine Pu 9
alpha sources were each counted three times on six different
counters. These data were analyzed to see if their variations
were statistical, by using a variance ratio (F) test, in the
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following manner.

For each of the 108 sets of three counts, the three
deviates were calculated:

ty = NNl x M- M i=1,2,3
VM
2
where
2
ﬁ — ._1=l,

Mi = ith count in the get

N = ngmber of counts in each set (in this case
N =3

From these deviates, the variance was calculated:

324

>
1

S = p = o di=ki
224

For these data, F = 1.17, which is to be c?mg?ﬂﬁd with the
value of 1.21 listed in a standard F tablel2 for the cnhe-
per cent confidence limit. The low value of F indicates that
the observed variations could be statistical in nature.

In another test of the same data, the relation (3),
N X 1.645

o = e

N-1

Vi

was used to calculate the expected deviation from the average
at the 90-per cent confidence level. W is the average number
of counts per observation, and N is the number of observations.
Of the 324 counts that were included in this series, 317

(98%) were within the deviation,o

In another series of counts a single Co6O source was
counted ninety-four times on the same counter. Included were
one 1lCO0-minute count, three 100-minute counts, thirty 10-
minute counts, thirty J-minute counts, and thirty l-minute
counts These data were statistically analyzed with the X2
test 5) The results of this analysis are listed in the follow-
ing table: :
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VALUES OF 7(? CALCULATED FROM THIRTY OBSERVATIONS

Length of Count

(minutes) nG
1 42.8
3 22.0
10 22.8
2

For a purely statistical var%a lon, “X° should be less than
39.1 for thirty observations{®) with'a confidence 1limit of
0.9. Hence the variation of replicate one-minute counts 1s
greater than would be expected from statistics. The variation
of replicate three-minute and ten-minute counts is within

that to be expected from statlstics.

The decrease in the observed ?%g?g%ng rate with in-
creasing time of count, noted elsewhere , 1s shown by
this series of counts to a much lesser degree. Timing errors,
characteristic of the first Tracerlab CC-10 scalers, have
been corrected in later models. One of these later models
was used in collecting these data.

In a similar series of counts, a Puc>9 alpha source
was counted ninety-three times. Included were one 1000-minute
count, two 100-minute counts, thirty 10-minute counts, thirty
Z_.minute counts, and thirty l-minute counts. . The data from
the one-minute and _three-minute counts were statistically
analyzed by the 7L2 test, with the following results:

VALUES OF TK? CALCULATED FROM THIRTY OBSERVATIONS

Length of Count o
(minutes) e

1 33,4

3 30.4

The variation of replicate one-minute and three-minute counts
is, therefore, within that to be expected from statistics.

The data from the ten-minute counts were not statistically
analyzed. Visual inspection of the data indicated that the
counter was not working properly. The counting rate of the
source decreased with time. This effect was not due to radio-
active decay or loss of activity, and must be attributed to
The counter.

To investigate this decrease 1n counting rate with
time more thoroughly, a. long series of counts was made. In-
cluded were one 5400-minute count, six 1000-minute counts,
six 100-minute counts, and one hundred twenty 10-minute counts.
Results are summarized in Figure 5. The counting rate de-
creased at the beginning of the series, but appeared to in-
crease again at the end of the series. During this series,
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the counter was running almost continuocusly for eleven days.
The 5400-minute count was taken over a week -end and the
1000-minute counts were overnight counts.

Two values in thils serles were rejected. Their
deviation from the average exceeded Chauv?net's criteria for
the rejection of suspected observations (5 .

These data were statistically analyzed in two ways.
First a value of )2 = 285 was calculatéd for the 118 ten-
minute counts. For purely statistica% Yariations, X< should
be less than 140 for 118 observations!{®/ with a confidence
limit of C.9. The high value of .2 merely re-cmphagized The
drift in counting rate apparent from Pigure 5. These data
were then broken up into ten groups of ten 10-minute counts
and two groups of nine 10-minute counts, the latter corre-
sponding to the two rejected counts. A variance ratio (F)
test was applied to these twelve sets of data, and a value
= 1.25 calculated. This is to be compared with the value
F =1.38 listed %E tandard F table for the one-per cent
confidence limit )?5?. The low value of F indicates that
the drift in counting rate is slow enough that the statistics
of a group of ten replicate ten-minute counts are not greatly
affected.

The data collected to calculate the coincidence
correction were also used to determine the agreement amgng
various counters. Nine Pu239 alpha sources and nine Cof0
gamma sources were each counted on six counters. The correct
counting rate was taken as the average of three ten-minute
counts.

The maximum variation in counting rate among the
81X alpha counters for any single source was 2.3 per cent.
In a separate experiment, six different phosphors were used
with the same counter and alpha source. The counting rate
among the six phosphors differed by a maximum of 2.2 per cent.
Therefore, the counting rate of a source measured with one
alpha scintillation counter may differ as much as five per
cent from the counting rate measured with another alpha
scintillation counter.

The maximum variation in the counting rate among
the six gamma counters for any single source was six per cent.
In another separate experiment, nine different phosphors were
used with the same counter and gamma source. The counting
rate among the nine phosphors differed by as much as ten per
cent. In general, therefore, agreement of better than five
per cent among counters can not be expected, and differences
of more than fifteen per cent are possible.

COINCIDENCE CCRRECTION

The method of paired sources(6) was used to de-
termine the coincidence correction. A relationship between
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the observed counting rate "R" and the true counting rate "N"
is:

N =R+ 1R + YR’
Three ''paired" sources were counted, and the values of 7T and
Y which best fit the experimental data were determined by a
method of least squares.

The values appropriate for each counter are summarized

below:
ALPHA COUNTERS

Counter 8 14

Number T x 10 Y x 10
7 10.504 0.525
8 5.585 8.738
9 10.515% 4,290
10 9.626 2.982
11 : 6.396 5.300
12 6.062 8.280

Average of six .

alpha counters 8.115 . 5.019

GAMMA COUNTERS

1 1.046 13.073
2 1.467 10. 443
3 6.467 9,245
4 5.528 2.781
5 7.086 0.243
6 5.372 0.735.

Average of six

gamma counters 4.554 6.086

Average of twelve

counters 6.335 5.553

A comparison was then made between each of the
twelve specifiic equatlons calculated for the twelve counters,
and the general equatlion calculated from the average of the
data from the twelve counters. It was assumed that the "true"
counting rate was the observed counting rate corrected by .the
specific equation for the particular counter. Calculations
were then made to determine the error introduced in the "true"
counting rate, for each of the twelve counters, when the
observed counting rate was corrected by using the general
equation. Filgure 6 is a plot of this error versus counting
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rate. At counting rates up to 2 x lO5 counts per minute, the
maximum error Iintroduced by using the general equation is less
than one per cent.

(I e

C. A. Prohaska
Instrument Development Division
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APPENDIX

The attached table shows colncidence corrections
versus observed counting rate for both the alpha and gamma
scintillation counters. The equation:

N =R+ 6.335 (10“8)132 + 5.553 (10‘14) R’

was used to calculate these corrections. R 1s the observed
counting rate, and N 1s the "true" counting rate. The table
lists the correction to be added to the ohserved counting
rate, in counts per minute, to obtain the "true" counting
rate. Values for the observed counting rates between 10,000
and 500,000 counts per minute are listed in units of 10CO
counts per minute. Interpolation in the table is not
necessary since a maximum error of 0.0l per cent 1s intro-
duced by reading the colncidence correction to the nearest
thousand observed counts per minute. The vertical column

of numbers at the left-hand edge gives the observed counting
rate in units of 10,000 counts per minute. Intermediate
values in units of 1000 counts per minute run across the top
of the table. The following example illustrates the use of
the table:

Observed counting rate (R) 157,203 c¢/m
Counting rate to nearest thousand 157,000 ¢/m
Coincidence &Gorrection (from table) 1,776 c/m
"True' counting rate (N) 158,979 c/m
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