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ABSTRACT

A gamma-ray spectroscopy System used for analysis of volume soil and vege-

tation samples is described. It can accept samples of up to 2 kg weight and a
970 cm3 volume. Its primary use is in the determination of U, Th, !37Cs, 0K,
and ¢%Co in samples obtained during ground truth AMS surveys throughout the
countyy. The system was calibrated using standards from the DOE New Brunswick
Laboratory and from the National Bureau of Standards. Detectabilities (at 3g)

in a 1500-g sample are: 0.28 ppm Th, 0.10 ppm U, 10 pCi *°K, 1.0 pCi 137Cs,

and 1.0 pCi of 89Co.
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1. INTRODUCTION

A low background gamma-ray spectroscopy system is currently available for
the analysis of soil and vegetation samples. Its primary use is for analyzing
samples obtained during the AMS (Aerial Measurement System) surveys throughout
the country. Two lithium-drifted germanium (GelLi) detectors are multiplexed
together, which approximately doubles the efficiency available with either
separately. The detector output is analyzed by a 4096-channel pulse height
analyzer (PHA), and the data are stored on magnetic tape. Samples are changed
automatically. The system is designed to handle samples 10.7 c¢m high and 12 cm
in diameter, which amounts to approximately 1500 g soil of density 1.55.

Volume source standards, containing known quantities of Th ore and U ore
analyzed by DOE's New Brunswick Laboratory, were used to provide calibrations
from 200 keV to 3 MeV. These standards are of approximately the same density
and volume as an average sample, so that calibrations performed with them take
into account self absorption and effects due to the larger source area. (The
variance of these effects with sample density has been tested and is negligible
to within a couple of hundred grams.)

Detailed background data were taken and are periodically revised. This
allows corrections to the raw data to take into account the inherent radioactivity
of the counter and sample containers.

Samples are packed in standardized polypropylene containers that can be
sealed airtight. A sample handling procedure is documented. Sample preparation
is carried out in a clean laboratory reserved for this purpose.
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2. SYSTEM DESCRIPTION

The Ge(Li) detectors are side-looking devices, ~40 mm long and =~45 mm in
diameter, with a 0.5-mm thick entrance window of aluminum. Their operating spec-
ifications are tabulated below:

Ge(Li) #1 Ge(Li) #2

Point source efficiency
relative to a 3 x 3 Nal
(Tl) detector, 25 cm
source-to-detector

distance, at 1.33 MeV 16% 13.8%
Peak-to-Compton ratio 48/1 36/1
Resolution at 1.33 MeV 1.86 keV 1.95 keV

Both detectors use FET preamplifiers and ORTEC Model 472 A linear signal
amplifiers. Ge(Li) #1 is powered by an Ortec 456 high-voltage (HV) supply, and
Ge{Li) #2 by a Canberra 3005 HV power supply. The signal amplifier outputs are
summed with an ORTEC 475 multiplexer.

A Canberra 8180 pulse height analyzer (PHA) is used to analyze the detector
output. It has 4096 channels available for storage and a count capacity of 106
counts/channel. The ADC operates at 50 MHz. The analyzer is set for an electronic
gain of approximately 0.75 keV/channel, and the system 0 is set on channel zero.
These adjustments are maintained as necessary to produce a consistent data set
from month to month. The usual procedure is routine counting of a 500-ppm Th
standard followed by computer processing of the data. Inspection and plotting of
the deviations of the individual peak energies from their correct values (see,
for example, ANCR-100-2) reveals trends to the data and allows proper corrections
to be made. Experience to date has permitted us to maintain correct energy cali-
brations within *1 keV with little difficulty.

Data are written on magnetic tape using a Canberra model 8513 A magnetic
tape controller, and a Pertec tape drive.

The actual knob settings of the various pieces of equipment used are given
in Table 1.

The sample changer (Fig. 1} is a converted food processing conveyor that
operates via a l-hp motor with a simple limit switch controlling the sample motion.
The conveyor belt can store up toc 96 samples (see Conveyor Layout drawing,

Appendix A).

The sample to be counted is moved from the primary conveyor into position
in the detector area by a secondary chain conveyor. It is positioned midway
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Table 1. Detector calibration knob settings

Ge(Li) #1 Linear Amplifier, Ortec 472 A

Course gain: 200

Fine gain: 1285

BLR rate: Medium

BLR threshold: Variable

Shaping: 2.0 usec, unipolar
Polarity: Inverted

Ge(Li) #2 Linear Amplifier, Ortec 472 A

Course gain: 200

Fine gain: 1262

BLR rate: Medium

BLR threshold: Variable

Shaping: 2.0 usec, unipolar
Polarity: Inverted

Matching Multiplexer, Canberra 475
A gain: 500

ADC Canberra 8180

Conversion gain: 4096
Fine zero: 490.0
DC coupled input

Ge(Li) #1 High Voltage Supply, Ortec 459
Positive polarity: 4800 V

Ge(Li) #2 High Voltage Supply, Canberra 3005
Positive polarity: 4800 V

between the two detectors and is rotated at approximately 3 rpm continually during
the counting cycle. This is done in order to help maintain a consistent sample
detector geometry; by turning at a constant rate, any effects due to lateral density
variations in the sample are eliminated.

The counting chamber itself is shielded; lead bricks were used for the walls
and top surface, and the floor is of 3-inch-thick cast lead. The sample rests on
an epoxy-filled depression in order to minimize gamma-ray scattering and x-ray
production. The closest sample-to-lead distance is 3 inches. The detector sample
geometry is illustrated in Figs. 2 and 3. Various limit switches and a simple
digital control circuit provide interface capability with the PHA (see Appendix B
drawing).
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Fig. 3. Top view of completed sample changer




3. DETECTOR COOLING SYSTEM

The Ge(Li) detectors must be maintained at -196°C to keep the lithium from
drifting. Allowing the detectors to warm up for any length of time would make
them inoperable. Liquid nitrogen (LN) cooling is used to keep them at the proper
operating temperature. The LN dewars are monitored using two ORTEC Model 729 A
LN level monitors (thermistor devices), which are connected to an alarm system
that sounds if the level falls below 40%. Along with this system, two force
transducer weighing devices are in position under the dewars. These are connected
to 0-100% LED readouts, for continuous dewar weight monitoring.
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4. SAMPLE CONTAINER

The polypropylene sample containers (Fig. 4) are approximately 10.7 cm
high and 12 cm in diameter. They have a twist-on cap, also of polypropylene.
The can volume is 970 cm3, and the container plus top weighs approximately 114 g.
A 1500-g sample of density 1.55 g/cm3 would just fill the container.

In order to control contamination problems, all samples are packed in
these containers for counting.

Fig. 4. Polypropylene sample containers
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The following steps have been adopted as a sample preparation scheme,

5. SAMPLE PREPARATION SCHEME

The

samples are usually received as loose material in plastic bags, and are marked
with the site name and a coded location at the site. The samples are prepared
and canned at the earliest possible time after receipt.

Sample
1.D.

1. Log sample by number and date received in log book.

2. Weigh sample as received, log weight and date weighed.

3. Dry sample >10 hours (or overnight) at 40T and log dry weight. (In
this process they are spread out over a 3-inch by 6-inch area to help
speed up the process.) Calculate percent of moisture by weight.

4. Mix up sample, break larger lumps, and render into a uniform mixture.

5. Place at least 1200 g soil in polyethylene sample container. Fill to
upper ridge, shaking and tamping to result in a uniform density from
can to can.

6. Seal container using teflon tape around edge under cap to insure an
airtight seal. Label side with a felt marker including serial number
and date sealed. Cover numbers with Scotch tape to prevent smearing.

7. Seal up an empty container along with the actual samples.

8. Weigh plastic container, record weight, and calculate actual density

of material packed and record in book.

Sample data page headings are as follows:

Date Wt. as Rec'd Dry Wt. Percent Wt, in

Rec'd Grams Date Grams Moisture Can, Grams Density

-11-
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6. DETECTOR SYSTEM CALIBRATIONS

The analyzer zero and linearity have been carefully investigated using NBS
sources. The energy versus channnel data were fit to a least squares line, allowing
the zero to be found to within 0.1 channel of true zero. The gain adjustment is set
to yield around 0.75 keV/channel. The exact value can be checked from the slope of
the energy versus channel data fit line.

After the zero and gain are properly adjusted, a background run (with an
empty sample can in place) and the necessary standard runs are made. The data are
analyzed by program SAMPO to yield area counts for each major gamma-ray peak. The
background area counts are subtracted and the net counts per second in the peak
used to determine an efficiency at that energy. Corrections were made for the
Ottawa Sand contribution to the background by an iterative technique (see
Appendix C).

For volume sample analysis two general types of efficiency data are calculated.
The first relates ppm in a known standard directly to detector counts per second at
a particular peak energy in the standard spectrum. A counter factor is determined
from this having the units of (ppm % gm)/(counts/sec). This is used to calculate
ppm from the area counts of the sample under investigation.

The second type of efficiency relates gamma-rays per second at a given
energy to net cps. This is the usual efficiency curve versus energy found in the
literature. However, the present data take into account the extended volume source
configuration we have (see Table 2). The various standards contributed many gammas
of different energy, so the efficiency data for a volume source extend from =200 keV

Table 2. Efficiency versus energy for standard 1600-g sample

Source Eﬁiﬁ%ﬁ (523?f7£222;) Source Eai;%f (fiﬁiffgiiﬁ;)
Th 209. 40 1.185 (-2) U 768.40 | 4.443 (-3)
Th 238.63 1.074 (-2) Th 911.10 |  3.907 (-3)
Th 277.36 9.586 (-3) U 934.00 3.834 (-3)
U 295,22 9.145 (-3) U 1120. 40 3.342 (-3)
Th 300.11 9.032 (-3) U 1509. 30 2.669 (-3)
Th 338.40 8.250 (-3) U 1764.60 | 2.372 (-3)
U 351.99 8.008 (-3) U 2204.30 2.006 (-3)
Th 463.00 6.512 (-3) U 2448.00 1.853 (-3)
U 609.37 5.292 (-3) Th 2614.47 1.721 (-3)

(-3)
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to =3 MeV. Only those peaks able to be fit by SAMPO with less than a 3% fitting
error were used to determine this curve. The data were fit to a least squares
power curve that allowed interpolation to any energy within the limits of the
calibration. These fitted data are then used by SAMPO to calculate intensity
counts at a given energy from the area counts in the peak. It is this efficiency
which is used in the calculation of pCi/g of !37Cs and “9K. A graph of the
efficiency versus energy data is shown in Fig. 5. The low energy efficiency data
(E <~0.6 MeV) are affected by self absorption. Corrections for this effect are
being generated.
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Fig. 5. Sample changer efficiency versus energy
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7. DETECTABILITY

There are many definitions of detectability, and we will use the simplest
one here: 1if at a given energy the net counts exceed 3 times the standard devia-
tion of the background, then a positive indication of the presence of that energy
gamma-ray has been obtained. Restated briefly, we shall use a 30 detectability.
To this end a 50,000-sec background count was run, and the peaks of interest were
fit by program SAMPO. The standard deviation of the background area counts was
found, and this value transformed into ppm assuming a 1500-g sample weight and a
30,000-sec counting time. The ppm obtained from the three major lines of U and
Th, respectively, were averaged, and this value is reported here. A detectability
for 137Cs and “%K was found in roughly the same manner, but using the intensity

counts calculated by SAMPO to yield pCi. The detectability is reported in absolute
pCi independent of sample weight.

Detectability for a 1500-g sample,

Isotope in ppm for a 30,000-sec Count
238y 0.10 + 0.03
228Th 0.28 + 0.07

Detectability in pCi for a
30,000-sec Count

137¢s 1 pCi
HOK 10 pCi
8%Co 1 pCi

-15-
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8. SAMPLE COUNTING AND DATA REDUCTION TECHN!IQUES

The samples are allowed to age a minimum of 15 days after canning to
let the U series approach secular equilibrium. (If the container wasn't airtight
the 222Rn from the 228U decay series would be vented to the atmosphere and lost
from the sample.) The samples are normally counted for 30,000 seconds (8.3 hours},
but this time may be increased if a sample has very low activity in any of the
tsotopes of interest. Usually, it is desirable to count a sample for a long enough
time to obtain <5% error in the results.

The data, stored on magnetic tape, are used as input to the computer code
SAMPO, written by Dr. Routti at LBL, which is avaitable to us on our time share
terminal. The code determines exact channel locations, peak areas, peak energies,
and intensities of gamma-ray-produced peaks in multichannel PHA data. Various
statistical quantities relating to the quality of fit attainable from the data
are also calculated.

The peak areas dare determined by a least squares technique using internally
generated analytical functions to represent peak shapes. These functions are
developed by the code from a reference spectrum. The same calibration run may
be used to assign energy per channel data and efficiency numbers. These can be
fit with linear, log, or polynomial functions.

The reference spectrum should contain a number of intense well-isolated
lines. These are used as internal calibrations and result in a code-generated
table of shape parameters. This table contains the gaussian width and the upper
and lower exponentials for each peak and correlates shape parameter versus channel
number. In analysis of unknown spectra the code interpolates the shape parameters
versus channel number to find a suitable analytic function for the peak in question.
This function is then fit to the peak via a least squares technique. The continuum
under the peak can be either a straight line or a second order function, depending
on the peak width.

The code automatically searches for peaks by a second-difference technique
with gaussian weighting determined from the shape table. Once a peak is identified
and passes significance and shape tests, its area centroid in channel number and
centroid in energy are determined. The efficiency data are then used to calculate
gamma intensities. A typical output of these results produced by SAMPO is shown
below:
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For volume source analysis an addendum to the SAMPO program has been written
which caleulates net ppm or pCi/e for the isotopes of interest from the SAMPO fitted
data.  Three peaks in the U spectrum and three in the Th spectrum are reduced to
yield ppm (609.37, 1120.40, 1764.60 keV for U; and 583.14, 911.10, 20614.47 keVv for
Th). An average that is weighted by the fitting errors of the individual peaks is
found. This is the value rcported for the isotope. In addition the 1.00 MeV 234Pa
line of U is analyzed to determine whether the U contained in the sample is an
cquilibrium or not. (This line is not averaged with the other threc U lines, because
its low yield doesn't allow for as good a data fit.)

The equation for the calculation of ppm U or Th for each energy is:

Area Counts/sec = Areca Counts/scc

EﬁhMPO Generated Background )
Net ppm = {Sample Weight)

x Counter Factor*

The Background Area Counts/sec are calculated from a 50,000-scc run with an empty
can in the detector. The error term associated with this reflects the SAMPO-
penerated cerror due to the quality of the peak fit (PC arca error on data printout),
the ppm versus c¢ps error, the background error, and the estimated sample weighing
error. The calculation for error is as follows:

2 ;?f;?i;iﬂ, Fractional 2 Fractional
, Gross : SAMPO Counter
ppm Error = ( ppm ) WSQmF?e Cienerated * Factor
i;i;;?g Arca Lrror Error

Fractional

2 .
(Background Area Fractional

Counts/sec Background + {countor Factor
Weight Sample Area Counts ' ‘
. Error
Error
1/2

Estimated
Fractional
Wetghing
Error

Gross ppm is the ppm calculated for the line without subtracting a background. The
fractional background crror is the crror found by SAMPO in fitting the background
spectrum data. The ppm versus CPS error is that associated with the Counter Factor
calculation.

*See Section 6 for a discussion of the Counter lactor.
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Cesium and potassium net pCi/g are calculated as follows:

(Sample Intcnsity)_(Buckground Intensity
Counts Counts 1

o 1
net pti/g = (Counting Time) (Sample Weight) 0.037 Yicld)

where 1/0.037 is a constant to convert disintegrations/second to pCi, and intensity
is peak area/cfficiency as determined by SAMPO. The error term reflects the SAMPO-
generated intensity error, hackground error, and cstimated errors due to weighing
and assignment of yield. The equation for the error calculation is as follows:

i}

Cross 2 Fractional 2 1 2
Lrror pCi/g (1 .“) Intensity + | m——
pCi/e Counts Lrror lractional

Yicld Error

Estimated . 2 2
: (ross Background
Fractional .
.o + [ Background Intensity
Weighing

Error pCi/g Counts Lrror

1/2
Lstimated
. 1 . Fractional
( Iractional ) Weighing
Yield Error Error
o Intensity Counts/sec 1 1
= . x
where gross pCi/g ( Sample Weight ) (0.037 Yield)
. . _ {Background Intensity Counts/secc 1 1
Gross Background pCi/g - ( Sample Weight (0.037 * Yicld)

and the fractional yield error is obtained from the literature. The U and Th
yield data used to determine the efficiency versus energy curve were obtained
from Smith and Wollenberg. The !37Cs and “°K yield data are from Medical Internal
Radiation Dose Committee of the Society of Nuclear Medicine, September 1975.
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APPENDIX A: CONVEYOR LAYOUT DRAWING
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APPENDIX B: DIGITAL'CONTROL CIRCUT FOR
SECONDARY CONVEYOR
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APPENDIX C: DOCUMENTATION RELATING TO
STANDARD MATERIALS USED

C.1 STANDARDS

The standards available for calibration purposes contain known quantities
of NBS-analyzed U and Th are mixed with a low-radiocactivity diluent of Ottawa
sand.

C.2 500 PPM THORIUM STANDARD

This standard was made by mixing 72.33 g of the NBS Th ore sample,
No. 79-A (1% Th) with 1374.3 g of Ottawa sand. 1429.0 g of the mixture was then
packed in a standard sample container. The density is approximately 1.69 g/cm3.
The yield, at time of mixing (June 1976}, was 2.88 (3) dis/sec.

The standard actually contains 502.3 ppm Th due to the Ottawa sand
contributicn,
C.3 500 PPM URANIUM STANDARD

This standard mixture was made up of 20.050 g of NBL U ore standard
No. 42-1 (4.04 *0.04% U) and 1600 g of Ottawa sand. The net standard weight
in the container is 1525.0 g with a density of approximately 1.69 g/cm3. The
sample yield, in June 1976, was 9.40 (3} dis/sec.

The standard actually contains 501.0 ppm U due to the Ottawa sand
contribution.
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UNITED STATES ATOMIC ENERGY COMMISSION
NEW BRUNSWTICK LABORATORY
CERTIFICATE OF ANALYSIS

ANALYZED SAMPLE NO, 79-A
THORIUM ORE
" Thorium 1.00 Percenti

Uranium 0.04 Percent

This material was made by mixing weighed quantities
of a monazite sand (Th = 8.44%) with dunite.
#Chemical analyses for thorium were
performed cn several bottles of the

final preparation giving the result
shown above with an absolute standard

deviation of 0.01%.
. » a, | - J”{-
- 5 oy LA
s

Clement J. Rodden.
Area Manager

New Brunswick, New Jersey
January 22, 197¢C



UNITED STATES ATOMIC ENERGY COMMISSION

NEW BRUNSWICK LABORATORY
‘PROVISIDNAL CERTIFICATE OF ANALYSIS
ANALYZED SAMPLE NO. 42-1 TO 42-4
URANIUM COUNTING SAMPLES

These four samples were prepared from
pitchblende diluted with dunite for use in
calibrating counting equipment. Uranium and
radium analyses of the pitchblende used in
preparation of these materials indicate that
the ratio of grams of radium per grams of
uranium is 3.45 x 107}

Chemical analyses of the samples show the
following amounts of uranium:

% U.

4 + 0.04
9 0.006
.07 0.003
0.52 0.006

Precision is at 95% confidence level.

o o

. J. Rodden
Area Manager

b gt P
[= RV N

H 4

"New Brunswick, New Jersey

August, 1957
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