
ornl

i
rSMBHIMIMIlift E!,E"GV SVSTE"5 LIBRARIES

3 MMSb D05T1.7D =1
ORNL/TM-8423

The Oak Ridge National Laboratory
Whole Body Counter: Internal
Operating Procedure Manual

C. D. Berger
B. H. Lane

OAK RIDGE NATIONAL LABORATORY

CENTRAL RESEARCH LIBRARY

CIRCULATION SECTION

4500N ROOM 175

LIBRARY LOAN COPY
DO NOT TRANSFER TO ANOTHER PERSON

If you wish someone else to see this
report, send in name with report and

the library will arrange a loan.
UCN-7969 (3 9-77)

V



Printed in the United States of America. Available from

National Technical Information Service

U.S. Department of Commerce
5285 Port Royal Road, Springfield, Virginia 22161

NTIS price codes—Printed Copy: A04 Microfiche A01

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency

thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process disclosed, or
represents that its use wouldnot infringe privately owned rights.Reference herein
to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or
any agency thereof. The views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States Government or any agency
thereof.



ORNL/TM-8423

Contract No. W-7405-eng-26

Industrial Safety and Applied Health Physics Division

THE OAK RIDGE NATIONAL LABORATORY

WHOLE BODY COUNTER: INTERNAL

OPERATING PROCEDURE MANUAL

C. D. Berger

B. H. Lane

Date Published - August 1982

OAK RIDGE NATIONAL LABORATORY

Oak Ridge, Tennessee 37830
operated by

UNION CARBIDE CORPORATION

for the

U. S. Department of Energy

MARTIN MARIETTA ENERGY SYSTEMS LIBRARIES

3 445b DDSTb7D T





TABLE OF CONTENTS

page

Introduction 1

Facility Description 3

Shielded Room 3

Detectors 5

Data Acquisition System 8

Electronics Description 10

Phoswich System Electronics 10

Hyperpure Germanium Electronics 13

Calibration Procedure for Phoswich and Nal(Tl) Systems 20

Resolution Calibration 20

Energy Calibration 20

Timing Calibration 22

Quantification Calibration 22

Calibration Procedure for Hyperpure Germanium System 23

Resolution Calibration 23

Energy Calibration 23

Data Interpretation 24

References 28

Appendixes 29

Appendix A-Detailed Whole Body Count Procedure 33

Appendix B-System Startup Procedure 39

Appendix C-System Shutdown Procedure 41

Appendix D-Supplies ^2

Appendix E-Liquid Nitrogen (LN„) Procedure 43

Appendix F-Laundry 46

Appendix G-Spectral Data from Commonly Occurring Radionuclides 47

iii





page

LIST OF FIGURES

1. Model of the ORNL Whole Body Counter 4

2. Detector configuration for routine whole body count 6

3. Block diagram of phoswich electronics 11

4. Phoswich time spectrum 12

5. Phoswich spectral data of bare 239Pu and 21|1Am sources,

and a typical human spectrum 14

6. Hyperpure germanium array 15

7. Block diagram of HPGe array electronics 16

8. Spectral data from a bare 239Pu source showing the L-X rays. .• 17

9. Comparison of Nal/Csl Phoswich (top) and HPGe (bottom) spectral

data for two human subjects with lung burdens of 2ltlAm 18

10. Energy and timing calibration for phoswich system 21

11. Sample printout from routine whole body count analysis 26

12. Positioning of phoswich and HPGe detectors 35

13. High voltage supply to HPGe array 40

14. Liquid nitrogen reservoir tank and controls 44

15. Liquid nitrogen fill system showing input valve on the wall

of the iron room 45

16. Europium-152 source in a REMAB phantom 48

17. Cobalt-157 source in a REMAB phantom 49

18. Cesium-137 source in a REMAB phantom 50

19. Gadolinium-153 source in a REMAB phantom 51

20. Iodine-125 source in a REMAB phantom 52

21. Tantalum-182 source in a REMAB phantom 53

22. Lead-210 source in a REMAB phantom 54

23. Americium-241 source in a REMAB phantom 55

24. Iodine-129 source in a REMAB phantom 56





THE OAK RIDGE NATIONAL LABORATORY WHOLE BODY COUNTER:

INTERNAL OPERATING PROCEDURE MANUAL

Abstract

The general purpose of the ORNL Whole Body Counter is
to provide a rapid estimation of the type and quantity of
radionuclide deposited in the human body. This report
contains a review of the equipment in use at the facility
and the procedure for its operation, the standard procedure
for performing a routine whole body count, and a discussion
of interpretation of results.

INTRODUCTION

Whole Body Counters, also known as total-body counters, in-vivo

gamma spectrometers, etc., play an integral part in general health

physics and radiation safety programs. The ORNL facility, known as

the ORNL Whole Body Counter, has been in operation since May 1961, and

has made steady progress in satisfying ever-changing internal

dosimetry requirements for Laboratory radiation workers.

DOE Order 5480.1, Chapter XI, states that radiation monitoring is

required where the potential exists for an individual to receive a

dose or dose commitment in any calendar quarter in excess of 10% of

the quarterly standards. In many cases, the only practical approach

to meeting this requirement with respect to internal dose is by whole

body counting.

The general purpose of the ORNL Whole Body Counter is to provide

a rapid estimation of the type and quantity of radionuclide deposited

in the human body. Greater than 90% accuracy in estimating internal

deposition can be achieved depending upon the energy of the photons or

X rays being detected. Also, unlike bioassay analyses, estimation of

body burden is independent of the route of entry of the radionuclide

in question and independent of how the radioactive material behaves

while in the human body.



As a rule, whole body counting has been confined to detection of

photons with energies greater than 200 keV and has not been considered

to be useful when there is significant external contamination on the

count subject. Because of the diverse inventory of radionuclides in

use at ORNL and the importance of rapid determination of a true

internal deposition, the ORNL Whole Body Counter has made recent

advances that have been successful in conquering these restrictions.

This has required implementation of sophisticated equipment and

analysis techniques, and the institution of strict, standard operating

procedures in order to insure acquisition of accurate, reliable data

and proper maintenance and care of the equipment.

This report contains a review of the equipment in use and the

procedure for its operation, the standard procedure for running a

routine whole body count, and a discussion of interpretation of

results. Although the procedures contained herein will be presented

in a "cookbook" fashion, operation of the ORNL Whole Body Counter by

other than experienced personnel is not recommended because of the

risk of equipment damage and physical injury. Because the facility is

under continuing development and improvement, this document should not

be considered to be static in nature.



FACILITY DESCRIPTION

Shielded Room

The primary shield is a so-called iron room in which the

detectors are located. It has walls, floor and ceiling constructed of

pre-World War II naval armor plate steel. Walls, etc., are laminated

to a total thickness of 35.6 cm. Inside dimensions of the room are 3

x 3 x 3 meters. Fig. 1 is of a model of the iron room with the change

room facilities shown in the background.

Degraded cosmic radiation from outside the shield and iron-room

background gammas produce photoelectric events at the inner surface of

the iron shield which result in characteristic iron X rays. Sheets of

0.32-cm-thick, special low-radioactivity lead are used to line the

inside of the iron room to absorb the iron X rays. Since the lead

itself also produces low-energy X rays and the detector crystals are

pointed downward toward the floor, the floor has an additional graded

shielding of 0.1-cm-thick sheets of tin and cadmium and a

0.03-cm-thick sheet of copper, topped by virgin vinyl floor tile.

Because much of the natural radiation background stems from radon

and thoron gases and their decay products, normally present in the

atmosphere, an attempt is made to reduce the admission of these

radionuclides into the iron room by providing a supply of compressed,

bottled air, which has been stored 30 days or more to permit the

natural radioactivity to decay. A solenoid-controlled valve, actuated

by opening the outer door to the iron room, permits a rapid influx of

the low-background air while persons are entering or leaving the iron

room. The air in the building annex, which houses the iron room, is

continuously recirculated through absolute filters to reduce the

concentration of dust on which daughters of gaseous radioactivities

are adsorbed.
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Fig. 1. Model of the ORNL Whole Body Counter.



Detectors

It is possible, at the ORNL Whole Body Counter, to detect a

variety of internally deposited radionuclides which emit photons in

the energy range of 15 keV to 3 MeV. In order to accomplish this, the

facility is equipped with several detectors that can be calibrated and

arranged to operate in a variety of combinations. The general

procedure is to run a whole body count with a standard crystal

configuration and energy calibration, using one phoswich detector, a

large hyperpure germanium (HPGe) array, and a 23 x 23 cm Nal(Tl)

detector (see Fig. 2). If a radionuclide is detected in an energy

region that is not optimum for quantification with this standard

setup, another count can be performed with a different set of crystal

and energy parameters. The following detectors are available at the

facility:

1. A 2.5 mmx 1.6 mm Nal(Tl) crystal mounted on a free-standing

rack. This crystal is generally calibrated to cover the energy

range from zero to 100 keV. It is quite useful as a wound probe,

where suspected contamination is localized in a small area,

although the advances made in the HPGe detector make it a much

more efficient wound probe than this Nal crystal.

2. A 7.6x7.6 cm Nal(Tl) crystal, also mounted on its own moveable

pedestal. This crystal is collimated in such a way that it can

be positioned over specific body organs (such as the thyroid,

kidneys, liver, etc.) for detection of radionuclides which could

possibly concentrate in these organs.

3. A 20.3 x 10.2 cm Nal(Tl) crystal, with three 7.6-cm phototubes

which can be mounted on a detector suspension system, above the

subject to be counted. This detector can be used in either a

stationary count mode or in a scan count mode, where the subject

moves under the crystal at a rate of 1.52 meters in 20 minutes.

This crystal is generally calibrated at 5 keV per channel, to

cover the overlap range between the two standard counting

configurations.
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Fig. 2. Detector configuration for routine whole body count,



A 23 x 23 cm Nal(Tl) crystal mounted under the bed upon which the

subject lies. It has a high gamma detection efficiency due to

its large volume and, therefore, is used for all routine counts

for high energy gamma detection. Calibration is set up routinely
at 12.7 keV per channel for 256 channels.

For detection of low-energy gammas and X rays in general, and

transuranics in particular, counting is done with either one or

two 12.7-cm-dlameter phoswich detectors mounted on a dental X-ray

arm and positioned over the subject's chest. These detectors are

composed of 0.15 cm of Nal(Tl) optically coupled to a 2.54 cm or

5.08 cm Csl mantle and a photomultipller tube, respectively.

These dual-crystal detectors are capable of detecting internal

contamination which emits low energy photons, since pulse-shape

discrimination techniques can be utilized to reduce the

background interference. This technique takes advantage of the

fact that the fluorescent decay times in the Nal and Csl differ.

Therefore, the electrical signals at the photomultipller tube

have different rise times. The Csl crystal acts as a Compton

supression mantle which allows one to remove from the spectrum

high-energy (or cosmic ray) events and/or gamma rays that are

scattered from the thin Nal crystal into the thicker Csl

crystal. Sophisticated timing used in conjunction with these

detectors affords a very effective means of reducing background

in the low-energy region of the spectrum. These detectors are

calibrated at 0.5 keV per channel for 256 channels.

The Whole Body Counter Facility is also equipped with an array of

six hyperpure germanium detectors (80 cm2 active area) used in

the detection of low-energy photons and x rays. Its calibration

is approximately 65 eV per channel for 2048 channels. It has

been demonstrated that the low background typically found in

semiconductor detectors, coupled with their superior resolution

over Nal(Tl) has advanced the state-of-the-art of in-vivo

measurement of low-energy photon emitters.1 Its uses are for



routine chest counting, wound counting, thyroid counting, liver

counting, and skull counting (to be investigated).

7. A recent addition to the detector inventory is a 70 cm3 active

volume Ge(Li) detector, with 13.6% efficiency at 25 cm

source-to-detector distance relative to a 7.62 cm x 7.62 cm

Nal(Tl) detector. It has not yet been fully incorporated into a

standard whole body count procedure, but will be an effective

tool for identification of > 100 keV photons because of its

superior energy resolution over the 23 cm x 23 cm Nal(Tl).

Data Acquisition System

The ORNL Whole Body Counter is equipped with a Nuclear Data

ND6620 minicomputer system for data acquisition and analysis. The

system CPU is a Digital Equipment Corporation LSI-11 microprocessor

with an instruction set essentially equivalent to the DEC Systems

PDP 11/35. The bus (Combus) is a non-dedicated, high speed,

decentralized, synchronous bus which permits direct, bidirectional

communication between system components. The Combus protocol is such

that "read" or "write" transfers occur in discrete 160 ns time slots.

The display and acquisition system (DAS) has a display rate of 200

kHz, both linear and log display capability, a display group size of

from 1 to 8192 channels per group with from 1 to 229

counts/channel. The display resolution is one part in 4096 for both x

and y axes. The DAS is controlled by a DEC LSI-11 microprocessor

identical to that in the CPU.

The whole body counting ND6620 computer has a dual hard disk

system: one cartridge is fixed (DK0) and one is removable (DK1).

Typically, the operating system, FORTRAN libraries and programs, and

the FORTRAN compiler and BASIC interpreter reside on DK0. DKl

typically serves as a data disk for whole body counts. The storage

capacity of a single disk is 2.5 megabytes. The bit density is 2200

bits per inch with a track density of 100 tracks per inch. The random

access transfer rate is 312.5 kilobytes per second. The spindle speed



is approximately 2400 rpm. The system is also equipped with a

magnetic tape drive (9 track, 800 bpi, 25 ips). The data transfer

rate is 20 kHz at 800 bpi for 25 inches per second. The total system

memory configuration which is currently at its full complement, is 128

kilowords or 256 kilobytes.

The Whole Body Counter ND6620 system is also equipped with four

ND570 analog-to-digital converters for accumulation of gamma spectra.

These are 80 MHz units with a conversion gain range of 256 to 8000.

Three ND568 gated analog routers are used in conjunction with the

ND570 ADC's for multiplexing spectra.
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ELECTRONICS DESCRIPTION

Phoswich System Electronics

Pulses from the dual phoswich assembly are summed at the

phototube and input into an Ortec-113 scintillation preamp. Negative

output pulses from the preamp go into a three-branched circuit as

shown in Fig. 3. The center branch is the timing network, the upper

one is an overload rejection circuit, and the bottom branch treats the

energy-analyzed pulses from the phoswich. The timing branch is the

most critical part and will be considered first.

Bipolar pulses from the delay line timing amplifier (Ortec 460)

go into two constant fraction timing single-channel analyzers (Ortec

455) with fractions set at 0.2 and zero crossover, respectively. The

outputs from the single-channel analyzers are the start and stop

pulses for a time-to-amplitude convertor, TAC, (Ortec 467). The

output of the TAC is an analog signal whose magnitude is proportional

to the fall time of the bipolar pulse from the Ortec 460 delay line

amplifier. Since Nal and Csl have different scintillation decay

times (0.25 and 1.0 us, respectively), pulses from the Nal and Csl

portions of the phoswich system will, therefore, cause different

timing distributions from the TAC as shown in Fig. 4.

Following the TAC is a standard Ortec 406A single-channel

analyzer with a window set over only the Nal distribution.

Simultaneously with the above timing considerations, pulses from the

preamp are routed over the energy circuit (bottom branch), and delayed

for approximately 3 us to arrive in coincidence at an Ortec 426

linear gate with the Nal gating pulse from the timing branch.

Therefore, only pulses with the time signature of Nal are routed to

the computer system for analysis.

Because of the large number of overload pulses, it is necessary

to devise some means of turning off the TAC when a large pulse enters

the system so that ringing and other oscillations will not be

interpreted as real Nal signals. One simple way to accomplish this is



5-in. OIAM. DUAL

PHOSWICH ASSEMBLY

1.5 mm Nal

1 OR 2 in. Csl

DISC SETTING_Voisc

-TL
GATE

GENERATOR

— 3 msec

J L_

LINEAR DISCRIMINATOR
AMPLIFIER

CONSTANT FRACTION

TIMING SCA

ORNL-DWG 78-16912

-V
ANTI COINCIDENCE

DELAY LINE

AMPLIFIER

yv

RESEARCH

AMPLIFIER

rf = rd = 0.5 ysec

CONSTANT FRACTION

TIMING SCA

DELAY

AMP

yv

DELAY ~ 3(isec

TIME TO

AMPLITUDE

CONVERTER

Fig. 3. Block diagram of phoswich electronics.

LINEAR

INPUT

-TL

LINEAR

GATE

9X9 SIGNAL

/v. I
GATED ANALOG

ROUTER

80 MHz

ADC

ND 6620 COMPUTER

MEMORY



UJ

<

o

LU
Q_

£ 300

8 200

75 100 125

CHANNEL NUMBER

Fig. 4. Phoswich time spectrum.

ORNL-DWG 76-8400

200



13

to use a linear amplifier-discriminator combination to trigger a gate

generator whenever an overload occurs. The gate generator has an

adjustable pulse width, and should be adjusted somewhere in the range

of 100 ps to 3 ms, depending on dead time considerations. The upper

level logic output of one of the timing single-channel analyzers is

equally effective to drive the gate generator.

For routine chest counting, phoswich pulses from the linear gate

are routed to the analysis system through a Nuclear Data ND568 gated

analog router along with pulses from the 23 x 23 Nal detector. The

router gates the detector pulses along with routing information to an

ND570, 80 MHz analog-to-digital converter connected to a ND6620

minicomputer system for storage of data.

The phoswich has very good sensitivity for low-energy photons but

has poor resolution (AE/E V35%). Typical spectra for 239Pu,
2"tl Am and human background are shown in Fig. 5.

Hyperpure Germanium System Electronics

This unit consists of six detectors in a close-packed,

rectangular array with an average full width at half medium (FWHM)

resolution of 450 eV at 17 keV and 520 eV at 60 keV (see Fig. 6). The

signal from each detector preamp output is amplified by individual

Canberra Model 340 research amplifiers before entering a series of

"daisy-chained" ND568 gated analog routers (see Fig. 7). These pulses

are then routed to two analog-to-digital converters and finally stored

in two memory locations in the ND6620 minicomputer. One memory

location displays the signal from each of the six detectors

separately; the other location displays the multiplexed signal from

all six detectors.

Figure 8 presents typical line shapes for L , Lg , and L
from 239Pu. In Fig. 9 (left) is shown a comparison of the phoswich detector

(top spectrum) and the HPGe system (bottom spectrum) for an individual

contaminated with approximately 4 nCi of 2l,1Am. In Fig. 9 (right) is shown

a case of very slight contamination with 21|1Am (0.1 nCi) which was evident

only on the HPGe system.
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In general, the HPGe array performs considerably better than a

single phoswich. Compared to a single 125 cm2 phoswich detector,

sensitivity to 239Pu appears to have been improved by greater than

50 percent and sensitivity to 2,,1Am by approximately a factor of 14

when referenced to human backgrounds, using the HPGe array.2

Efforts are continuing to improve upon these values.
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CALIBRATION PROCEDURE FOR PHOSWICH AND Nal(Tl) SYSTEM

The theory behind gamma-ray spectrometry is based on the fact

that the signal pulses received and recorded by the multichannel

analyzer are in some way proportional to the energy of the photons

emitted from the source being investigated. This becomes particularly

important when identifying and/or quantifying the radiations emitted

from the human body. In order to do this, it is most important to

know the relationship of spectrum channel number to gamma-ray energy.

Therefore, as part of the whole body counting procedure, the system is

thoroughly calibrated for the following modes: resolution, energy,

timing, and quantification.

Resolution Calibration

To achieve the maximum resolution attainable on the dual phoswich

system, the high voltage on the photomultipller tubes is adjusted so

that both detectors respond equally to a given energy. To accomplish

this, a source (such as 137Cs) is placed under the two detectors,

the signal from each individual photomultipller tube is input into the

multichannel analyzer and a spectrum is obtained for each. The

voltage applied to each tube is then adjusted so that the peak

observed in both spectra falls within the same channel number. When

this is accomplished, the output from both phototubes is well matched.

Energy Calibration

For accurate identification and quantification of internally

deposited radionuclides, it is necessary to obtain a linear energy

response. In other words, a plot of energy vs. channel number should

yield a straight line passing through zero. This can be accomplished

by using standard sources that emit gamma rays of different energies.

These sources are placed under the detectors, and the amplifier gain

adjusted so that the photopeak falls within the appropriate channel

(i.e., depending on whether the calibration is 12 keV/channel, 10.5

keV/ channel, etc.). Fig. 10 (top) is a photograph of the energy

calibration spectrum for the 23 x 23 cm Nal and the phoswich detector
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using a 137Cs as a source. The peaks should fall in channel 55 for

the 23 x 23 cm crystal, and channel 320 for the phoswich detectors.

Using "K as a source for the 23 x 23 should also display the 1460

keV gamma line in channel 121. These calibrations correspond to a

slope of 12 keV/channel for the 23 x 23 and approximately 0.50

keV/channel for the phoswich.

Timing Calibration

As stated previously, phoswich detection theory is based on the

decay time differences in the phototube signals between Csl and Nal.

The timing circuitry isolates and transmits only those pulses coming

from the Nal not in coincidence with the Csl pulses. Therefore, the

timing window requires critical adjustment. If the timing window is

not set appropriately, noise pulses (i.e., background interference)

will be added to the phoswich spectrum, thereby raising the detection

limits. Fig. 10 is a photograph of a typical time spectrum. Note the

Nal time peak. The window must be set (by the timing single channel

analyzer associated with each time-to-pulse height-converter) to

incorporate only the pulses falling within this peak. A picture of an

appropriately set window, using 239Pu pulses is seen at the bottom

of Fig. 10.

Quantification Calibration

Since one of the primary purposes of a whole body counting system

is to quantify as well as identify internally deposited radionuclides,

the final check in the system calibration is to determine

reproducibility of total counts from a given source. These should

only vary within the range of normal counting statistics. It is

important to note that in order to accomplish this task, one must

duplicate the counting geometry as exactly as possible each time. The

same source is used (preferably one with a long half-life) and is

positioned the same way each time the quantification calibration is

done. 239Pu and l*°K sources are used for the phoswich and 23 x 23

cm crystals, respectively. Standard counts are taken for 120 seconds

and the total energy peaks are integrated within a defined energy

range. A daily log is kept of both energy and quantification

calibration results.
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CALIBRATION PROCEDURE FOR HYPERPURE GERMANIUM SYSTEM

As with the phoswich and Nal(Tl) systems, the HPGe array is

calibrated accurately for resolution, energy and quantification. The

first two are particularly important since the primary advantage of

the HPGe system is its identification capabilities.

Resolution Calibration

The resolution of the multiplexed array is only as good as the

resolution of the worst detector in the array, if all of the detectors

are lined up appropriately. This is achieved by placing a small

Co source under the array and obtaining a spectrum. Using the

"on/off" switches on the gated analog routers, the spectrum from each

detector is looked at individually. The 122.06 keV peak should fall

in channel 1868. Adjustments are made with the fine gain

potentiometer on the individual amplifiers. After all six detectors

are checked and/or adjusted, the router switches are placed in the

"on" position before operations can continue. At this point, the
signal outputs from each router are well matched.

Energy Calibration

The HPGe system is calibrated with a 57Co source and a 21|1Am

source, by acquiring spectral data for both simultaneously. Note into

which channel each of the energy peaks fall. (Do not adjust the

amplifier gains. This has been done during the resolution

calibration). Run the FORTRAN program APS.ENERGY to update the energy
calibration file using the channel numbers noted above.
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DATA INTERPRETATION

At the completion of a routine whole body count, the acquired

data is stored on hard disk, magnetic tape and paper copy. The

print-out also contains information useful for arriving at a final

assessment of body burden. Much of this information is for

experimental purposes only and will not be discussed here, but the

features of the hard copy, applicable to data interpretation, are

listed below. (The numbers refer to the numbers on the sample

print-out shown in Fig. 11).

1) Header information - Used to identify the count subject,

acquisition data and time, give detector specifications, and

calculate chest wall thickness.

2) Results - Final assessment of body burden as determined by a

staff spectroscopist. The Whole Body Counter operator places

his/her initials in this section immediately at the completion of

the count.

3) Net spectral data - Channels 1-255 are from the 23 cm x 23 cm

Nal(Tl) detector, and channels 256-512 are from the phoswich.

Channels 1 and 256 contain the ADC live time in seconds for each

detector, respectively.

4) Ratio information - Counts per minute in various energy regions

of interest from the phoswich. Used to estimate the quantity of

239Pu, 21,1Am and 90Sr.

5) Z-values - Used to provide a rapid indication of normalcy on

phoswich data. Average values were obtained from data acquired

on 50 adult, uncontaminated males. A Z-value of greater than 3.0

is considered to be a positive indication of excess counts in

that region of interest.

6) Fraction of human standard - Indicates what % the count subject

is of a normal human standard. This value is used to correct for

increased or decreased Compton scatter in low-energy channels on
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the phoswich due to the weight and/or 1*°K content of the

subject.

7) Estimated burden of 137Cs - A commonly occurring radionuclide,

thought to be from fallout from atmospheric weapons testing.

Total body content (in nCi) is obtained from the 23 cm x 23 cm

Nal(Tl) detector.

8) Data analysis from the HPGe system - Used to provide a rapid

indication of the presence of some commonly occurring

radionuclides at ORNL. A detailed discussion of calculational

techniques can be found in ORNL/TM-7925.2

9) Gross counts per second from each HPGe detector - Used to provide

an indication of location of any radionuclide in the right lung

area.

10) Net HPGe data - Counts per channel for all 2048 channels are

printed out.
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APPENDIX A

DETAILED WHOLE BODY COUNT PROCEDURE

The ORNL Whole Body Counter is used primarily for identifying and

quantifying internally deposited, low-energy x-ray and gamma emitting

radionuclides. A stable, low background facility is essential to

accurate analysis and results. In order to keep the whole body

counter "clean," certain procedures for entrance into the vault are

required.

Subject Preparation

1) When subjects arrive to be counted, they will have a Count

Request and Preliminary Report Card (UCN-8561) generated by their

area health physics surveyor. This card is checked to ascertain

that all pertinent information has been included and is correct.

2) Determine if subject smokes pipe, cigar, or cigarettes, or, if

they have quit, the length of time since they last smoked. This

information should be written on the back of the request card to

be included in the header information.

3) The subject is then instructed to shower and shampoo and is given

a disposable jumpsuit, socks and towel from WBC supplies. When

they are dressed, the subject's height and weight is obtained

before being escorted into the vault annex. The escort wears

shoe covers and a lab coat when accompanying a count subject into

the vault. Since there is an air-lock to the vault, the outer

door is closed completely before opening the inner door.

4) The subject is instructed to lie on the bed on his/her back

before the operator places the detectors into position. Be

certain that the subject's back is centered over the Nal(Tl)

crystal located beneath the bed. Adjustments are made by sliding

the foam cushion under the subject.
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5) The operator slowly lowers the HPGe detector, keeping a firm grip

on the handle, until it is approximately 1 cm above the right

lung field of the subject's chest (see Fig. 12). The latch is

locked into place before releasing the handle. The phoswich is

then positioned over the left lung field as close as possible

without constricting the subject's breathing.

6) The subject is cautioned not to jar or bump the detectors as this

can result in spurious counts. Inform the subject that an

intercom system exists to monitor the subject in case of illness

and/or the need to exit rapidly from the vault.



Fig. 12. Positioning of phoswlch

and HPGe detectors.

ORNL-Photo 6480-81
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Routine Whole Body Count Computer Commands

The following commands (in capital letters) should be typed in

exactly as shown, followed by a carriage return (CR):

1) JOB AO.HEADER,,,TTY(CR)

2) R PAMS(CR)

NA(CR)

(Input last name and initials)(CR)

SS(CR)

(Input badge number) (CR)

DB(CR)

(Input division; survey area)(CR)

ST(CR)

(Input sex - male or female)(CR)

FI(CR)

(Input file identifier - B82.P****- take number from log book)(CR)

HT(CR)

(Input height in inches)(CR)

WT(CR)

(Input weight in pounds)(CR)

PA(CR)

(Input paragraph information - reason for count, smoker or

non-smoker, and current background number)(CR)

(must put in another CR after paragraph)

EX(CR)
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3) R HEADER(CR)

(Check header to make sure it is correct)

4) JOB AO.GEHEAD,,,TTY(CR)

5) R PAMS(CR)

NA(CR)

(Input name)(CR)

FI(CR)

(Input file identifier - B82.G**** - same number as above)(CR)

PA(CR)

(Input background number)(CR)

(CR) (Two carriage returns after PA)

EX(CR)

6) R HEADER(CR)

(check information)

7) R TWORD(CR)

SET(CR)

(Input the number before the test word assigned to this

count.)(CR)

8) JOB AO.MALE,,,TTY(CR)

or

JOB AO.FEMALE,,,TTY(CR)

(This is the job stream which turns on the ADC's to acquire,

process, and store data at the end of the count).
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9) When the line printer comes on, the count is finished and the

subject can be removed from the vault. (The count time is

approximately 45 minutes.)

When the count is finished, the operator (wearing shoe covers and

lab coat) returns to the vault and carefully removes the detectors

from the subject's chest, then escorts him/her back to the change room

where the subject changes into his own clothes and returns to work.
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APPENDIX B

SYSTEM START-UP PROCEDURE

The procedure for turning on the high voltage to the HPGe is one

of the most critical procedures performed by the whole body counter

operator. If done incorrectly, the detector can be irreparably

damaged. The proper steps are as follows (see Fig. 13):

1) Check the potentiometers to see if all are set at zero. If not,

release the catch and turn down to zero.

2) If the liquid nitrogen monitor is not in the dewar, place it into

the top of the dewar and then slowly raise the detector, holding

onto the handle firmly. The detector should be raised high

enough to allow a subject to be positioned beneath it without

bumping into the detector.

3) If all potentiometers are turned down to zero, press the reset

button above the potentiometer panel.

4) Begin by releasing the lock on the first potentiometer (number 1)

at the bottom of the box. Slowly turn it up until it reaches 10

and lock it into place.

5) The control switch on the right must be turned to #2 before

releasing the lock on the second potentiometer (number 2).

Slowly turn it until it reaches 10 and lock it into place.

6) The control switch on the right is switched to #3 and the third

potentiometer is then turned up and locked into place.

7) The control switch is switched to #4 and the fourth potentiometer

is turned up and locked into place.

The bias voltage to the HPGe array is now at the required 1500 volts.
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ORNL-Photo 6479-81

Fig. 13. High voltage supply to HPGe array.
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APPENDIX C

SYSTEM SHUTDOWN PROCEDURE

The procedure for turning down the high voltage to the HpGe is

the reverse of the start-up procedure.

Begin by releasing the lock on potentiometer #4. Slowly turn it

down until it reaches zero. The control switch at the right should

already be in position at #4. After potentiometer #4 is turned down,

turn the control switch to #3, then zero the #3 potentiometer. Repeat

process for all the remaining potentiometers until each reads zero.

The high voltage is now off.
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APPENDIX D

SUPPLIES

The WBC Facility supplies are stored in metal cabinets in the

janitor's supply room. Inventory should be taken occasionally to

determine whether supplies are running low. The following is a list

of WBC supplies kept in stock:

1) Disposable jumpsuits (M, I<, XL)

2) Towels

3) Socks

4) Soap

5) Shampoo

6) Deodorant

7) Hair spray

8) Hair oil

9) Shoe covers

10) Plastic bags (Laundry)

11) Shower clogs

12) Lab coats

13) Disinfectant

14) Sheets
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APPENDIX E

LIQUID NITROGEN (LN~) PROCEDURE

The WBC Facility receives two deliveries of LN„ per week; on

Tuesday and on Friday. The whole body counter operator must open the

appropriate valves, #1 and #2 on the LN_ system (see Fig. 14) to

allow the LN„ to be transferred from the delivery truck to the main

dewar located in the vault annex. The two valves which open the lines

for transfer inside the vault, #3 and #4, must be closed to prevent

loss of LN„. Gloves are usually needed when turning the valves off

to prevent freeze burns on the hands.

Filling HPGe Detector

The bias voltage to the HPGe detector must be turned off before

removing the LN» monitor and filling the detector dewar. (See

Appendix C).

Open valves, #3 and #4 (see Fig. 14), to start the flow of LN

into the vault. The valve on the line inside the vault must be opened

(see Fig. 15) and the line allowed to cool down before LN„ can be

transferred. This requires 3 to 5 minutes. When LN~ starts to

flow, remove LN„ monitor or cover from the top of the dewar and

insert the nozzle. Wait until the LN„ begins to "bubble out" the

top of the dewar (usually around 10-15 minutes), then close the valve,

and remove the nozzle. After leaving the vault, close the two valves

(#3 and #4 ) on the outside tank before leaving the annex.
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ORNL-Photo 6478-81

Fig. 14. Liquid nitrogen reservoir

tank and controls.

IT Jfc
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ORNL-Photo 6477-81

Fig. 15. Liquid nitrogen fill system

showing Input valve on the

wall of the iron room (arrow),
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APPENDIX F

LAUNDRY

The whole body counter laundry is done by a commercial firm

outside the Lab, rather than by in-plant laundry to prevent

contamination of towels, socks, etc. The laundry pick-up schedule is

Tuesday and Friday (call Shipping and Receiving, 4-4228 or 4-4229).

Laundry is sorted and counted before being placed in plastic bags. A

record is maintained of the following information, a copy of which is

included in one of the bags:

Date:

Station #: 50

Bldg. #: 2008

Charge #: 3198

Towels: (quantity)

Socks: (quantity)

Sheets: (quantity)

Lab Coats (quantity):
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APPENDIX G

SPECTRAL DATA FROM COMMONLY OCCURRING RADIONUCLIDES

There are few incidents of true internal deposition of

radionuclides at ORNL. Of those that are observed at the ORNL Whole

Body Counter, most are cases of surface contamination. Because of the

superior energy resolution of the HPGe array, identification of these

radionuclides has become an easier task. The following are energy

spectra of various radionuclides deposited inside a phantom to be used

as an aid in identification. The energy of the higher-yield

photopeaks as indicated on the CRT screen is indicated on each

spectrum.
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