Performance Testing of

Personnel Dosimetry Services:
Procedures Manual




NOTICE

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, or any of
their employees, makes any warranty, expressed or implied, or
assumes any legal liability or responsibility for any third party’s
use, or the results of such use, of any information, apparatus
product or process disclosed in this report, or represents that
its use by such third pariy would not infringe privately owned
rights.

i

B R R R TR,

GPO Sales Program

|

|

|

‘ Available from

:

I

] Division of Technical Information and Document Control

E U.S. Nuclear Regulatory Commission
. Washington, D.C. 20555

and

National Technical Information Service
Springfield, Virginia 22161




NUREG/CR-1063

Performance Testing of
Personnel Dosimetiy Services:
Procedures Manual

Manuscript Completed: August 1979
Date Published: January 1980

Prepared by
Phillip Plato, Glenn Hudson

University of Michigan
School of Public Health
Ann Arbor, M| 48109

Prepared tor

Office of Standards Development
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

NRC FIN No. B1049



PERFORMANCE TESTING OF
PERSONNEL DOSIMETRY SERVICES:

PROCEDURES MANUAL

ABSTRACT

The University of Michigan conducted a two-year pilot study of the
Health Physics Society Standards Committee (HPSSC) Standard titled, "Cri-
teria for Testing Personnel Dosimetry Performance." During the pilot
study, 59 dosimetry processors volunteered to submit dosimeters for test
irradiations according to the requirements and restraints described in

the HPSSC Standard.

The objective of the Procedures Manual is to describe the operational
conditions of the pilot study. The Manual describes source calibrations
(which were done or supervised by the National Bureau of Standards), ir-
radiation geometries, quality control, record keeping, data analysis,

a'.d methods of receiving, handling, and returning large numbers of dosim-

eters.

The pilot study was conducted using the procedures and radiation

sources required by the draft of the HPSSC Standard dated November 30,

1977. The Procedures Manual was prepared prior to the preparation of




the Final Report on the pilot study, which contains recommendations for

changes in the HPSSC Standard. Other interested groups are also expected
to recommend changes in the Standard after the Final Report is issued.
Thus, the reader of the Procedures Manual is cautioned that the HPSSC
Standard will undoubtedly have changed between the time the Manual was

prepared and the time it will first be used.
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I. INTRODUCTION

From October, 1977 to September, 1979, The Laiversity ct Michigan
conducted a pilot study of the Health Physics Socieiy Standards Committee
(HPSSC) Standard titled CRITERIA FOR TESTING PERSONNEL DOSIMETRY PERFOR -

*
MANCE.l The Standard was given tentative approval by the American Na-

tional Standards Institute as ANSI N13.11. Table 1 summarizes the radiation

categories and statistical criteria required by the 3tandard.

During the two-year pilot study, 59 dosimetry processors volunteered
to send us dosimeters for irradiation according to the requirements and
restraints described in the HPSSC Standard. Once a processor evaluated
their dosimeters, they reported their estimates of the delivered dose
equivalents to us. We then determined if the processor passed or failed

the Standard and sent the processor a computer printout of their results.

Each processor was permitted to be tested twice during the pilot
study. Test #1 was conducted from May through October, 1978, and Test
#2 was conducted from November, 1978 through April, 1979. For each test,
a processor could choose to be tested in any or all of the eight radia-
tion categories defined in the Standard. The average processor partici-
pated in six categories. During the two-year pilot study, we administered
a total of 700 category tests among all the processors. These tests

required the irradiation of approximately 21,000 dosimeters.

*
The version of the HPSSC Standard used for the pilot study was dated

November 30, 1977. This verision of the Standard is included in Appendix
D. Following the pilot studyv, the Standard waes reviscd extensively,
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Table 1. Summary of HPSSC Standard prepared by The University of Michigan

Radiation
Category Interval Test Range
1. Gamma 1l Accident: 10-800 rad
(Co=~60) 2 Protection: 30-100 mrem
101-300 arem
K 301-10,000 mrem
II. X Ray 1 Accident: 10-800 rad
(30-300 kev) 2 Protection: 30-100 mrem
101-300 omrem
4 301-10,000 mrem
IITI. X Ray Accident: no test
(15-30 keV) 1 Protection: 150-300 mrem
2 301-10,000 mrem
Iv. Beta Accident: no test
(5r-90) 1 Protection: 150-300 mrem
2 301-10,000 mrem
V. Neutrons Accident: no test
(C£-252) 1l Protection: 100-300 mrem
2 301-5,000 mrem
VI. Photon Mixtures Accident: no test
(Cat. I & II) 1 Protection: 50-100 nrem
2 101-300 mrem
3 301-10,000 mrem
VII. Photon and Beta Accident: no test
Mixtures l Protection: 200-300 mrem
(Cat. Tor II&IV) 2 301-10,000 mrem
VIII. Photon and Yeutron Accident: no test
Mixtures 1 Protection: 150-300 mrem
(Cat, I & V) 2 301-5,000 mrem

Tolerance Level (L)
(see footnotes)

Number of
Deiantens Shallo: Deep 3
Per Test (7 mg/em™) (1000 mg/em®)
10 no test a
10 no test b
10 no test b
10 no test b
10 no test a
10 c c
10 ¢ c
10 c é
10 c c
10 c ¢
10 ¢ no Lest
10 c no test
10 no test e
10 no test c
10 c c
10 c ¢
10 ¢ c
10 e &
10 ¢ c
10 no test c
10 no test e

For each dosimeter, a performance ind. x is calculated by:
L
p -4 _-H

For each depth of each interval, an average

H

where: H

= delivered quantity

H' = reported quantity

deviation, S, are calculated.

A processor passes a category if, for each depth of each interval:

|

where:

Pl +25 <t

a: L=20.3
b: L = 0.3
L=0.5

or 6//§{ whichever is larger
or 15/ /F whichever is larger

performance index, P, and its standard




In addition to the open tests, we blind-tested seven of the large
commercial processors. The blind testing program involved a total of

70 category tests and 1,680 dosimeters.

The objective of this Procedures Manual is to describe the operational
conditions of the pilot study in sufficient detail to permit another labor-
atory to duplicate our procedures. The Manual describes our source cal-
ibrations, irradiation geometries, quality control, record keeping, data
analysis, and method of receiving, handling, and returning large numbers

of dosimeters.

This Procedures Manual was prepared prior to the preparation of the
Final Report on the pilot study, which will contain our recommendations
for changes in the HPSSC Standard. Other interested groups are also ex-
pected to recommend changes in the Standard after the Final Report is
issued. Thus, the reader of this Procedures Manual is cautioned that
the HPSSC Standard will undoubtedly have changed between the time this

Manual was prepared and the time it will first be used.




II. SOURCES, CALIBRATIONS, EQUIPMENT, AND INSTRUMENTS

A. General

Table 2 summarizes the six radiation sources that were used for each
interval of the five radiation categories that require a single source.
The remaining three ¢ ries involve appropriate combinations of the

sources used for the first five categories.

All calibrations were done with ionization chambers placed free in
air, but all dosimeters were irradiated while mounted on a phantom. Six
phantoms were constructed for convenience, so one phantom could be left
with each of the six radiation sources throughout the pilot study. Each
phantom is a Plexiglas box, 30 x 30 cm by 15 cm deep, filled with water.
Six dosimeters, one from each of six different processors, were attached
to a phantom and irradiated at the same time to the same quantity of ra-
diation. The six irradiation positions on the front face of each phantom
are shown in Figure 1. Calibration of each radiation source involved
exposure (or absorbed dose) rate measurements at each of the six posi-
tions at which dosimeters were placed on a phantom. The irradiation

geometry for dosimeters attached to a phantom is illustrated in Figure 1.

At each source, a phantom was placed on a permanent stand. The height
of each stand was fixed in order to keep the phantom in the center of the
radiation beam. A platform was mounted on top of each stand, and a phantom

was placed on the platform. Each platform had the same surface dimensions



Table 2. Summary of radiation sources and irradiation conditions
for the five categories that require a single source.

=(e)
i
Radiation NBS Irradiation Conditions , ) *air E(f)
Category Interval Radiation Source Technique Dist. (cm) Approx. Rate ¢ Shallow Deep (keV)
I. Gamma 10-200 radga; Co-60, teletherapy 200 15 R/min 1.01 1.01 12590
201-800 rad'? " " 100 60 R/min " " "
30-100 mrem Co-60, Irradiator 200 25 mR/min " " "
101-300 mrem " - 100 100 mR/min " » Lid
301-10,000 mrem " o 100 100 mR/min " L "
II. X-Ray 10-800 rad X-ray machine(b) MFK, 20mA 100 10 R/min 1.34 1.34 91
(30-300 keV) 30-100 mrem " P HFK, SmA 100 15 mR/min 1.26 1.26 204
101-300 mrem " e HFG, 10mA 100 50 mR/min 1.35 1.35 118
301-10,000 mrem " b MFG, 5mA 100 750 mR/min 1.28 1.23 54
ITI. X-Ray 150-300 mrem X-ray machine(c) L-G, 1mA 200 100 mR/min 0.81 0.26 20
(15-30 keV) 301-10,000 mrem o 8 L-C, 4mA 200 300 mR/min e i "
IV. Beta 150-300 mrem Sr-90 irradiator 35 150 mrad/min
301-10,000 mrem " L 35 150 mrad/min
V. Neutron 100-300 mrem Cf-252 irradiator 100 25 mrem/min
301-5,000 mrem . " 50 100 mrem/min

(a) The single interval from 10 to 800 rad was subdivided for ease of irradiatlon at two distances.
(b) A General Electric Maxitron 300 X-ray machine was used for all intervals of Category 11. ‘
(c) A General Electric XRD-5 X-ray machine was used for both intervals of Category 111.
(d) Exact exposure rates and absorbed dose rates were measured with appropriate ionization chambers.
(e) Values of €, are given in Table 2 of the HPSSC Standard. They are used to convert from e ‘posure to dose
equivaient index at shallow (7 ng/c %) and deep (1000 ug/cnz) depths in tissue. Values of (‘.‘ are weighted

averages for each complete fluence spectrum,

(f) values of E, the average energy of a photon spectrum, were measured by GSF2,



Exposure rate or absorbed dose rate
is measured here. Values for Cy are

Sensitive element of dosimeter
Clip of dosimeter
Water-filled phantom

used to calculate shallow and deep y -
) e
equivalents. -
0T 1 O
19cm [] [33
Irradiation Distance f €
C - ] c X b
Radiation o -‘D o
Source 5
- 0
< 15 cm .
SIDE FRONT

Six dosimeters
are irradiated
simultaneously

Figure 1. Irradiation geometry for dusimeters attached to a water-filled phantom.



as the bottom of a phantom, 30 c¢m x 15 ecm. The front of the hantom was
aligned with the front of the platform for dosimeter irradiations. The
phantom was pushed back a distance equal to the radius of an ionization
chamber for calibrations so the ionization chamber could be properly po-

sitioned before the phantom was removed.

Tvo methods were used to determine the proper alignment of a phantom
in a radiation beam. First, for all photon sources, ionization chamber
measurements were made repetitively at the six irradiation positions on
the face of a phantom. Thg phantom was moved vertically or horizontally
until the mean exposure rates among the six positions differed by less
than 1%. Second, for every source including the californium-252 source,
a piece of chest-size X-ray film was placed on the face of the phantom
and irradiated. A Welch den.itometer was used to examine the uniformity

of the radiation beam among the six irradiation positions.

Once a phantom was properly aligned in a radintion beam, plumb bobs
were suspended from permanent mountings in the ceiling to align with markings
on the top of the phantom. Measurements were made relative to the phantom
from the walls, the floor, and the source and were recorded on a schematic
drawing of each room. A schematic drawing was posted at each source to
make alignment quality control checks simple and consistent. Levels were
placed on the phantom to be sure tihe face of the phantom was always per-
pendicular to the radiation beam. A rigid bar was cut for each source

so the distance from the source to the phantom would be measured exactly



the same each time. Each measuring bar was labeled beta source, gamma

source, etc., to provide each source with the same bar each *ime.

All of the radiation sources, except the neutron source, were cal-
ibrated with an electrometer and a Leeds and Northrup Student Potentiometer.
When operated in the capacitauce mode, the electrometer was used with a

10,381.3 x 10-12 farad capacitor calibrated by the National Bureau of

Standards (NBS).

The X-ray and cobalt-60 sources were calibrated with either a 3 cm3
or a 100 cm3 Shonka-Wyckoff ionization chamber manufactured by Exradin,
Inc. Both chambers were calibrated by NBS for specific NBS X-ray tech-

niques (specific combinations of kilovoltage and filtration) and for cobalt-60.

The strontium=90 source was calibrated first by NBS and then with
The University of Michigan's extrapolation chamber.

The californium-252 source was calibrated by NBS.

Throughout the pilot study, close ties were maintained between the
testing laboratory and NBS. Before Test #1 began, NBS calibrated the
two ionization chambers that were to be used to calibrate all the photon
sources required for the pilot study. At the conclusion of Test #2, the

Loni. ‘tion chambers were again calibrated by NBS. A team of five people

from NBS visited the testing laboratory before Test #1 began to reviev




all calibration and irradiation procedures. This close cooperaticn with
NBS was essential to insure that the delivered exposures and absorbed doses

were as accurate as possible.

The following parts of Section II describe the procedures developed
to calibrate and use the six radiation sources required for the pilot
study. Floor plans of the irradiation facilities and specific calibra-
tion data are given in the Preliminary Phase Report prepared in April,

1978.

B. Cobalt-60 Irradiator

A 5-curie cobalt-60 irradiator with a 30° beam port was purchased
from J.L. Shephard and Associates. Irradiation distances of 1 and 2 meters
were chosen for the protection intervals of Category I. At each distance,
a Plexiglas phantom was placed on a stand and aligned in the center of
the beam. Once the correct alignment was determined, two permanent plumb
bobs (110 g each) were hung from the ceiling with nylon lines so the align-
ment of the phantom could be reproduced. Also, a plumb bob was hung from
the ceiling above the source so that any movement could be detected. The
be:zm extended approximately 50 cm beyond the edges of the front face of
the phantom. Rigid bars 1 and 2 meters long were fabricated to assure

reproducible distance measurements. The 3 cm3 ionizaticn chamber with a
plastic buildup cap to produce electronic equilibrium was used for cali-

bration.
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The following procedures were used for calibration. Four different
measuring systems were used to determine which ones would be most accurate
and to determine thz agreement among the systems. The systems were:
Keithley model 610B electrometer, Keithley model 610B electrometer with
Leeds and Northrup Potentiometer, Cary model 31 electrometer, and Cary
model 31 electrometer with Leeds and Northrup Potentiometer. At a later
time, a Keithley model 616 electrometer was also used. It was determined
that the Cary model 31 and the Keithley model 616 systems were the most
accurate and reliable. However, there was fair agreement when the Keithley
model 610B electrometer was used together with the potentiometer. It is
felt that using different techniques enabled thé testing laboratory to

have some redundancy ir the weasurement systems.

Calibration measurements were made repeatedly at eacl of the six
phantom positions at the 1 meter distance. The variation in the average
exposure rates among all six phantom positions was no larger than the
variations in individual readings at any one position. Therefore, the
exposure rate was computed frrm a mean among all six phantom positions.
At the 2 meter distance, only three phantom positions (#2, #3, and #5)
were calibrated as above. The exposure rate was again computed from a

mean rate among the three positions.

Personnel at NBS calculated that back-scatter from the walls of the
room was less than 0.1%. The electronics were removed as far as possible
from the direct and scattered radiation. Two line frequency timers, two
barometers, two thermometers, low-noise cables, and proper connectors were

used to insure accuracy of the measurements.
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To check the effect of source-shutter ifunctions, the source was
rajised and lowered several times with the timer, whicl. is activated when
the source is in the irradiation position, used to record the total source-
on time. The actual irradiation time, computed from the stea'y-state
ionization current determined in earlier measurements, was compared to
the time on the irradiator's timer. The difference, if any, in the times

was corrected for in the calibration.

Since the irradiator was manually operated, all the personnel in-
volved in the pilot study were used to determine the shutter time. This
was done several times and an average time was calculated. It was deter-
mined that, for the shortest times (on the order of 1 minute) used to
irradiate dosimeters, an error of about 0.2% could result. Thus, it was

concluded that stutter time errors were insignificant.

The linearity of the exposure rate was also checke. by measuring the
exposure rate as a function of exposure time. It was determined that the

exposure rate was constant for times greater than 0.5 minute.

Leakage current of the electrometer system was measured after each
-14
set of six measurements. The leakage current averaged about 1x10 * ampere

and was corrected for in the calibration measurements.
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C. Cobalt-60 Teletherapy Unit

The University of Michigan Hospital's 2700-curie cobalt-60 teletherapy
unit was used *o deliver the high absorbed doses required for the accident
interval of Category I. Irradiation distances of 100 cm and 200 cm were
cnosen for convenience. At each distance, the phantom was placed on a
stand and aligned in the center of the gamma-ray beam with the aid of the
internal light source in the head of the teletherapy unit. The aperture
of the source was adjusted so the beam extended beyond the edges of the
phantom by a few centimeters. The phantom was then pushed back on the
platform a distance equal to the radius of the 3 cm3 ionization chamber.
The chamber with a plastic buildup cap to produce electronic equilibrium
was placed at Position 1 (see Figure 1). Tne phantom was then removed,
and the exposure rate was measured with the Cary electrometer, or its
equivalent, operated in the capacitance mode. The procedure was repeated
for each of the other five positions on the phantom. The average exposure

rate among the six positions was then calculated.

D. High-Energy X-Ray Machiue

A Ceneral Electric Maxitron 300 X-ray machine was used to irradiate
dosimeters for Category II. The machine has an inherent filtration of
4,75 mm Be. Four NBS X-ray techniques were used for Category II, one
for each of the four intervals. The filtration and kilovoltage used for

these four techniques are shown in Table 3.

A Plexiglas phantom was mounted on a stand and aligned in the center
of the X-ray beam. Two commercial plumb bobs were permanently suspended

with nylon line from the ceiling so the alignment of the phantom could



X-Ray Machine

Table 3.

Category Interval

G.E. Maxitron 300 11 1
G.E. Maxitron 300 11 2
G.E. Maxitron 300 11 3
G.E. Maxitron 300 i1 4
G.E. XRD-5 111 1 and 2
*GSP:

kvp
200
250
150
100

30

X-ray techniques used for The University of
Michigan dosimetry performance pilot study.

Filtratfion (mm)

4.75
4.75

0.25

Al

4.8S
3.97
4.00

6.31

Cu Sn Pb

5.00
0.60 1.03 2.¢5

4.00 1.46

Gesellschaft fiir Strahlen-und Umweltforschung mbi, (reference 2).

NBS
Technique

MFK
HFK
HFG

MFG

-l EaEyT . e T—

*

Heﬁ:red Calg:lated UlMlc—“&i-‘?ﬂL
E (keV) _E (kev) Uy ®ballov T -deep
9.1 107.5 1.342 1.338
204.2 205.3 1.262 1.262
117.5 118.5 1.349 1.349
53.9 87.5 1.283 1.233
19.7 19.0 0.813 0.259

€1

R A o
1

!
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be reproduced. The beam was collimated with lead so that it extended
beyond the edges of the phantom by approximately 5 ecm. A rigid aluminum
bar was cut to a length of 1 meter so that measurements from the X-ray
tube head to the phantom frce were reproducible for all irradiations.
Two elapsed timers, driven by power line frequency, were used to time

all irradiations.

Calibrations at the six positions on the face of the phantom were
made with the 100 cm3 ionization chamber. The Cary electrometer was used
with the Leeds and Northrup Student Potentiometer in the null mode to

measure exposure rates for each NBS technique. The Cary electrometer

was also used in the capacitance mode to measure exposure rates, and these

measurements were compared to exposure rates obtained with the potenti-

ometer. The Keithley model 616 was also used as a redundant check. Re-
dundant calibration measurements made with several different systems were
made at only one of the dosimeter positions. The exposure rates measured

among the systems differed by about 0.57Z.

The exposure rates were then determined repeatedly (5 to 6 measure-
ments) at each phantom position. It was concluded that the variations in
the average rates for all six phantom positions were no larger than the

variations in the individual measurements at any one position.

When dosimeters were to be irradiated, the following procedure was

followed. The ionization chamber was placed at one of the six phantom
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positions, and the phantom was removed. The ionization chamber was placed
so that the center of the spherical chamber was in the same plane as the
front face of the phantom would be when the phantom was returned to the
stand for dosimeter irradiations. Five measuremerts of exposure rate
were then made. The ionization chamber was then removed and the phantom
placed on the stand. Dosimeters were irradiated during the working day
with a beam monitor in continuous operation. The output of the beam mon-
itor was recorded on a strip chart recorder. At the end of the day, the

beam was calibrated again with the ionization chamber.

If the beam monitor showed no significant changes in the output of
the X-ray machine during the day, then the initial and final exposure
rates were averaged. The average exposure rate was combined with the
recorded irradiation times for the dosimeters to calculate the exposure
to each dosimeter. At no time during the pilot study did the initial

and final calibrations differ by more than 2%.

The electronic equipment was placed in a small room next to the X-ray
room with a cable leading through a lead-covered opening in the wall.
This eliminated scattered radiation from affecting the electronics.
Low noise cable, automatic timing, a Data Precision and a Keithley digital

voltmeter, two thermometers, and two barometers were used for the mea-

surements.
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The quality of the beams was determined by measuring the first half
value layer (HVLl) and the homogeneity coefficient (h) defined as the
ratio of the first and second half value layers. Type 1100 aluminum
filters were used for these measurements. The quality of the beam was
determined to be acceptable only if the measured value for HVL1 was within

5% of the HVL1 measured by NBS, and if the measur . value for h was within

10% of the h measured by NBS.

Timing errors were examined by measuring exposure rates for irradia-
tion times that varied from 0.1 minute to 10.0 minutes. It was determined
that there was no significant difference in the exposure rate for 1.0
minute to 10 minutes irradiations. Therefore, the minimum time used to

irradiate dosimeters was 1.0 minute.

The leakage current of each system was monitored periodically during
the calibrations, and corrections were made for leakage. The leakage

current averaged about 1x10-14 ampere.

The rem/roentgen conversion factor (Ex) for each X-ray technique was
computed by weighing the factors given in Table 2 of the HPSSC Standard
by the approximate exposure spectrum of each technique. The spectra were
obtaineu by Kramers' calculational method. Energy absorption coefficients
required for the calculations were obtained from the Radiological Health
Handbook., Calculated values for Ex at shallow and deep depths in tissue

are shown in Table 3.
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An upper estimate of room scatter was made by shielding the ioniza-
tion chamber from the primary beam. This experimental measurement showed

that the maximum room scatter was approximately 1.67 at 1 m from the tube

head.
E. Low-Energy X-Ray Machine

A General Electric XRD-5 X-ray machine was used to irradiate dosimeters
for Category 1i.i. The machine has a. inherent filtration of approximately
0.25 mm Be. A single NBS technique L-G, with different tube currents,
was used for the two intervals of Category III. The filtration and kilo-

voltage required for the L-G technique are shown in Table 3.

A Plexiglas phantom was mounted on a stand and aligned in the X-ray
bean. Two commercial plumb bobs were permanently suspended with nylon
line from the ceiling so the alignment of the phantom could be reproduced.
The beam was collimated with lead so that it extended beyond the edges of
the phantom by approximately 5 cm. A rigid aluminum bar was cut to the
appropriate length so that the measurement from the X-ray tube head to

the phantom was reproducible for all irradiations.

The same calibration and irradiation procedures were used for the
XRD-5 X-ray machine as were used for the Maxitron 300. These procedures

and the equipment used are described in Section II D above.

An upper estima*e of room scatter was made in the same manner de-
scribed for the high-energy X-ray machine and found to be 1.2% at 200 cm.
The quality of the beam vas determined by measuring the first half value

layer (HVLl) and the homogeneity coefficient (h).
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F. Strontium-90 Irradiator

The HPSSC Standard requires a sealed 90Sr/gOY beta-particle source
equipped with a 100 mg/cm2 filter of low atomic number. A 40-mCi strontium-90
source was lent to The University of Michigan by NBS for the pilot study.

The active portion of the source is a disk, 1.27 cm in diameter by 0.635 cm
thick. The source was mounted in a custom-made irradiator constructed
of 1,27 cm thick Plexiglas surrounded by 0.32 cm lead. The irradiator,
shown in Figure 2, was equipped with a solenoid-activated shutter con-

trolled by a precision digital timer.

The source was encapsulated in 60 mg/cm2 stainless steel. It was
calibrated by NBS at a distance of 35 cm and found to produce 189.0 mrad/min
in tissue (water). However, the HPSSC Standard requires an encapsulation
of 100 mg/cmz. Therefore, when the source arrived at The University of
Michigan, it was first calibrated with the University'r =xtrapolation

chamber at 35 cm with the original €0 mg/cm2 encapsulation. An absorbed

dose rate of 188.9 mrad/min in tissue (water) was mcasured. This result
compared favorablv with the beta-particle measurements mace by NBS. Finally,

an additional 40 mg/cm2 Mylar were added to the encapsulation of the source.

An extensive investigation of the beam showed that although beta
particles were ererging from the source at nearly a 27 solid angle, the
beam was not uniform. At a distance of 35 cm from the source, an area
of only 3 em in radius at the center of the beam showed uniform absorbed

dose rates. At 5 cm from the center of the beam, the absorbed dose rate
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Figure 2.

Strontium~-90 irradiator used for Categories IV and VII.
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sas 2% less than at the center. Therefore, only one dosimeter at a time
could be irradiated with the strontium~-90 source, instead of the six do-

simeters which could be ircadiated simultaneously with the other five sources.

The extrapolation chamber was positioned 35 cm from the source (the
closest irradiation distance permitted by the HPSSC Standard) and the
absorbed dose rate was measured. Additional layers of Mylar were then
added to the source to determine the absorbed dose rate at a depth of
7 mg/cm2 from a source encapsulated in 100 cm/cmz. A difference of 3.354

was found between absorbed dose rate measurements made at 100 and 107 mg/cmz.

G. Californium-252 Irradiator

The HPSSC Standard requires a californium-252 neutron source with
such an activity that the required irradiations can be performed at a
distance of not less than 35 cm. A 0.7 mg californium-252 source was lent

to The University of Michigan by NBS for the pilot study. The source

had an emission rate of 1456 x 109 n/sec on March 4, 1978 as measured by

NBSe It has a height and diameter of approximately 0.8 cm.

The source was stored and used in the University's Willow Run Lab-
oratory, located approximately 24 km from the School of Public Health.
The building is a moderately sized storage room with a floor space of
anproximately 7.5 x 33 meters and a height of 6 meters. When not in use,

the source was stored in the same 91 cm diameter, 91 cm deep shipping cask

used to deliver the source. The cask was placed in a 122 cm diameter,




122 cm deep pit in the floor. The source was screwed into a S0llow alum-
inum wand 0.9 em in diameter and 46 cm long. The hollow wand was attachad
to a solid aluminum shaft 1.3 cm in diameter and 16 em long. The solid
shaft slid inside two hollow aluminum guide tubes, one mounted to the
floor above the cask and one mounted to the ceiling. There was an air

space of about 130 cm between the ends of the two guide tubes.

The source was raised from the cask for use, and moved up through
the lower guide tube to a reproducible point midway between the two guide
tubes. The reproducibility of positioning was checked using a high-power
telescope and a mirror so that a movement of 0.5 mm could be observed.

Binoculars were also used to monitor the source on the wand.

A steel cable attached to the top of the solid aluminum shaft per-
mitted the source to be raised and lowered manually from the control
room located about 23 meters from the storage pit. The pit was covered
so that if the source should drop off the wand it would not fall into
the pit. Proper handling devices and survey meters were in the building
at all times. Figure 3 shows the guide tubes used to position the cal-

ifornium-252 source for the required irradiations.

Equation (3) in Section III C of this Manual shows the method used
to calculate a delivered neutron dose equivalent produced by this source.
The gamma-ray exposure rate was estimated by NBS to be 7.033% of the

neutron dose equivalent rate. Equa*ion (4) in Section TII C of this

Manual shows the method used to calculate a delivered gamma-ray dose
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equivalent produced by this californium-252 source. The gamma-ray ex-

posure rate was accounted for in Category VIII.

When the source was used, a phantom was mounted on a stand and posi-
tioned at either 50 em or 100 c¢m from the source, depending on the dose
equivalent rate desired. Radiographic film exposed to gamma rays emitted
from the source was used to determine proper alignment of the phantom.
Permanent plumb bobs and reference distances were used as described for
the other radiation sourcer to insure that phantom alignments were re-
producible. The phantoms remained in their fixed position throughout
the pilot study. The operator mounted a ladder to place and remove the

dosimeters.

A concrete-block wall 19.3 em thick and a shielded area for dosimeter
storage, of the same thickness, were built in the control room to protect
the operator and dosimeters. Shielding information was obtained from the

Californium-252 Shielding Guide.3

The National Bureau of Standards calculated that room-scattered neu-
trons would increase the calculated neutron dose equivalert rate by 1.5%
for dosimeters irradiated at 50 em from the source, and by 6.0%7 for do-
simeters irradiated at 100 cm. An effort was made to irradiate all dosimeters

at 50 em to minimize the effect of room-scattered neutrons.
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I1II. CALCULATION OF DOSE EQUIVALENTS

A. Photon Sources

The two X-ray machines and the two cobalt-60 sources were calibrated
with the ionization chambers positioned free in air. The dose equivalent

delivered to a given dosimeter was calculated by:

H =C X t (1)

where:

H = delivered dose equivalent at either the shallow or deep
depth (mrem)

C = average conversion factor for either the shallow or deep
Xair depth calculated from the HPSSC Standard (mrem/mR)
kair = exposure rate measured free in air and corrected for

temperature and pressure (mR/min)

t = irradiation time (min)

B. Beta Source

As discussed in Section II F of this report, the dose equivalent

at 7 mg/cm2 delivered to a dosimeter was calculated by:

H = 0.9665 + D, .+ Q- ¢t (2)
where:
H = delivered dose equivalent at 7 mg/cm2 (mrem)
ﬁtissue = absorbed dose rate measured at the surface of a tissue

equivalent material (mrad/min)
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Q = quality factor for beta particles, assumed to be unity
(mrem/mrad)
t = irradiation time (min)

C. Neutron Source

As discussed in Section II G of this report, the neutron dose equi-
valent rate produced by this source at 100 cm is calculated as:

5

H = 3.4 x 10 -zh * RS - t +» 60 (3)
4mx
where:

H = delivered dose equivalent produced by neutrons (mrem)

N = neutron emission rate at the time of irradiation as
determined by NBS based on a half life of 2.65 years
(n/sec)

RS = room scatter correction factor, determined by NBS to
be 1.015 at 2 = 50 cm and 1.060 at x = 100 cm

t = jrradiation time (min)

x = jirradiation distance (cm)

3.4 % 10-5 = dose equivalent conversion factor given in the HPSSC

€- andard (mrem-cm?/n)

60 = time conversion factor (sec/min)

The gamma-ray dose equivalent rate was calculated as:

y < 3:4x107 ° N -t . 60 0.07033

(4)
£ 6nx2
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Where:
0.07033 = fraction of primary neutron dose equivalent rate (ex-

clusive of room-scattered neutrons) calculated by NBS
to define the gamma-ray dose equivalent rate

All other parameters and constants in equation (4) are the same as those

defined in equation (3).
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IV. OUTLINE OF PROCEDURES

A. Scheduling Test Irradiations

On the average, each processor submitted 150 dosimeters for each of
the two tests, plus a few extra dosimeters for controls and in casc some
irradiations were voided by errors made by the testing laboratory. One-
third of these dosimeters were mailed to the testing laboratory once per
month for three months for each test. Each ﬁrocessor had three months
between Test #1 and Test #2 to make any adjustments in their procedures
they believed to be necessary as a result of their performance in the

first test.

Each of the two tests was completed in six calendar months. The 59
participating processors were divided into two groups for convenience.
One group participated in the first three months and the other group par-

ticipated in the second three months of a testing period.

Great care was taker to insure confidentiality between the testing
laboratory and each processor. A raendomly chosen code number was assigned
to each processor. If a processor submitted more than one type of dosim-
eter, each type was assigned a different code number. With the code numbers,
a processor's results could be discussed with the NRC and other interested

groups without revealing the identity of the processor.
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B. Rec:tiving and Cataloging Dosimeters

When the dosimeters were received, the arrival date, processor name,
code number, and extra dosimeter numbers were recorded in the Administrative
Log Book. Appendix A shows sample pages from this log book. The arrival
of a monthly shipment was also noted on a list of expected participants.
1f the dosimeters were not received by the arrival deadline (the fifth day
of the month), telephone calls were made to the processor regarding the

status of the shipment.

The shipping container in which the dosimeters arrived was labeled
with the processor's code number. The dosimeters were placed in envelopes
labeled with the processor name, code number, category number and interval
number. There were teu lines on the envelope numbered 1 to 10. The dn-
simeter numbers were recorded on these lines as they were placed in the
envelopes. These lines corresponded to the numbered lines on the data
sheets (see Appendix B) kept in the Irradiation Log Books for each interval
of cach category. The dosimeter number on line 1 of an envelope also
appeared on line 1 of the corresponding data sheet. Dosimeter numbers
were limited to five digits; no dashes or letters were recorded. These
and other restrictions were adopted to enable the testing laboratory to

use a computer code to evaluate the processors' performance.

When an envelope was filled with the dosimeters to be irradiated,
it was placed in the appropriate storage box. Eight storage boxes were

kept in a low-background rcom, one box for each of the eight radiation
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categories. Each storage box was divided into sections, one section for
each interval within a category. The storage boxes made it convenient to

carry the dosimeters to the appropriate radiation source.

When a processor's dosimeters were irradiated sometime during the
monti, the irradiation date was recorded next to the dosimeter number on
the envelope. This system of a box for each category, a section within
a box for each interval, and individual envelopes that were dated at the
time of irradiation, make it easy to determine the number of irradiations

still to be done at any time during the month.

Irradiations were evenly distributed over the three months of a test.
For each interval, four dosimeters were usually irradiated during the
first month, three dosimeters during the second month, and three dosim-

eters during the third month.

Controls were left in the shipping bcx, and their numbers were not
recorded. Shipping boxes were placed in numerical order on storage shelves
located in the low-background room with the storage boxes. Letters of
special instruction accompanying the dosimeters and shipping receipts

were placed in a folier labeled by month.

C. Irradiations

Dose equivalents to be delivered were chosen before the start of each

test. A random number table was used to select the delivered dose equi-
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valents according to the specifications of the HPSSC Standard. The pro-
cedures followed on the day of irradiz ion were:

1. The radiation -ource room . pe used was checked with a survey
meter to determine if any radi- fon sources had been ieft out
in the room.

2, Processor envelopes . selected six at a time.

3. Actual dosimeter numbers were checked against dosimeter numbers
written on the envelopes.

4. Dosimeter numbers were recorded on data pages of the Irradiation
Log Book shown in Appendix B in the same order as they appeared
on an envelope.

5. As irradiations were completed, irradiation date, time of day,
irradiation time, etc., were recorded on the data page, and the
dosimeters were returned to their envelope.

6. The date of irradiation was recorded on the envelope. For mixed
categories, there were two columns on each envelope for the date,
one column for each source.

7. In mixed categories both data pages were checked to assure correct
numerical order of dosimeter numbers. Numbers were written on
both pages of a mixed category when the first irradiations were
made for the month.

8. All data were printed, large and neat, in black or blue ink with
| no eracures.

|
| 9., Daily exposure rates were listec in the back of the Irradiation
| Log Books kept for each radionuclide source.

19. Quality control data and exposure rates for the X-ray machines
were recorded in the back of the Irradiation Log Books kept for

each X-ray machine.

11. Misirradiated or lost dosimeters were recorded in the Administra-
| tive Log Book, cogether with dosimeter number, processor number,
| error coomitted, and replacement dosimeter number. I1f a dosimeter
was lost, the processor was notified. T'f a mirirradiation de-
manded extra dosimeters from a processor, the pricessor was no-
tified by phone as soon as possible.

'
|
|
i
l
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D. Returning Dosimeters

Approximately two man-days were required at e end of each month
to prepare the dosimeters for return to the processors. The procedures
followed at this time were:

1. Dosimeters were removed from the envelopes and placed in the
correct shipping box.

2. The envelopes were checked for irradiation dates and correct
number of dosimeters.

3. A list of dosimeters irradiated in the accident intervals was
enclosed in the shipping box with the dosimeters.

4. After all tne shipping boxes were filled, they were sealad,
labeled and stamped first class.

5. Special instructions for mailing were checked at this time.

E. Evaluating and Reperting Test Irradiation Results

When a processor sent all of the reported dose equivalent: to the
testing laboratory, a computer program was run for each cat -gory in which
the processor participated. A copy of the printout was placed in the

processor's file, and a second copy was sent to the processor.

Use of the computer program made evaluation quick, neat, and accurate.
A copy of the program in Fortran and a sample output are included in Ap-

pendix C.



F. Maintaining Documented Records

A separate irradiation Log Book was kept for each radiation category.
One section of each notebook was devoted to calibration procedures and results
for the particular radiation source, and a second section was devoted to
quality control checks of the source. A third section contained the actual

irradiation data for the test dosimeters. In this third section, a separate

data page was assigned to each processor who chose to be tested in that
category. Appendix B shows a sample data page for each of the 8 radia-
tion categories. The Administrative Log Book contained the following
lists:

1. processor names in alphabetical order to provide a quick reference
for code numbers.

2. addresses, telephone numbers and contact persons for each processor.
3. processors by code number, the categeries in which they participate,
type of dosimeter, number of dosimeters required each month, and

testing schedule.

4. shipping data including arrival date, processor name, code number,
and a comment column 7or remarks regarding holders, controls, and
mailing problems.

5. extra badge numbers each month for each processor.

6. daily environmental checks such as room temperature, armospheric
pressure and relative humidity. These checks showed that environ-
mental conditions did not change significantly during the pilot

study. The data were not used beyond the documentation of en-
vironmental conditions.

Also included in the Administrative Log Book was a section where daily items
were recorded such as phone calls to processors, problems with shipping,
mistakes and corrections made, equipment failure:. lost dosimeters or

envelopes, changes in status of processors, and any other item of possible

consequence.



A file folder for each processor was also maintained. Each file

contained correspondence, copies of results, and data pages at the

completion of a test.

G. Quality Controls

The most powerful quality control procedure was the simultaneous
irradiation of dosimeters from six different processors. Any dosimeter
with a reported dose equivalent that differed significantly from the de-
livered quantity could be compared to five other simultaneously irradiated
dosimeters from five other processors. If the testing laboratory made a
mistake in the positioning of the phantom relative to the radiation source,
in the timing of the irradiations, etc., all or most of the six dosimeters
should reflect the error. Because the time of day and date of irradia-
tion were recc Jed for each desimeter, and a list of participating pro-
cessors was available for each category, it was a simple procedure to

trace a dosimeter in question.

This procedure worked extremely well for questions by processors of
the dose equivalents delivered. However, a problem resulted when some
of the other five processors had not reported their results and a com-
parison could be made only with the few processors which had reported.
Bad or erratic performance by another processor involved also weakens this
‘

procedure. However, it proved to be helpful because the check was pro-

vided by the processors and not just the testing laboratory.
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Once the radionuclide sources (strontium-90, californium-252, and
two cobalt~60 sources) were calibrated, tho:ir output remained constant

throughout the pilot study except for radioactive decay, for which cor-

rections were made.

The two X-ray machines were expected to show slight daily variations

in their output. Calibrations were performed before and after irradia-

tions on the day of irradiation as discussed in Sections IT D and II E.
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V. BLIND TESTING

Seven commercial processors were blind-tested during the pilot study.
A utility company was asked to subscribe to each of the seven processors
ostensibly to use the dosimeters in end around their nuclear power plant.
The utility company then shipped the dosimeters they received to the testing
laboratory to be irradiated with the same procedures applied to the open
tests., At the end of the month, the dosimeters were returned to the utility
company which mailed them to the seven commercial processors. All ques-
tions, problems, and answers regarding dosimetry, results, and radiation
sources were relayed through the utility company to preserve the blind
tests. The utility company was not shown the pass/fail results of the
processors. The seven processors were blind-tested during the same months
in which they were tested openly. Although this method was effective
for blind testing large commercial processors, it would not work to blind

test small or in-house processors.
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VI. RECOMMENDATIONS

The two-year pilot study represented the first attempt to conduct a

dosimetry testing program according to the requirements of the HPSSC Standard.

Scme of the methods and procedures that seemed reasonable when the pilot

study began were later found to be less than satisfactory. The following

ar2 recommendations tc improve the general operation of a future testing

program.

These recommendations do not include suggested changes in the

Standard since those recommendations will be discussed in the Final Report

of the pilot study.

Phantoms. The use of water-filled phantoms occasionally proved

to be troublesome. Some of the phantoms leaked, distilled water
had to be used since tap water discolored the Plexiglas boxes and
promoted algal growth, and when one phantom was accidently dropped,
it virtually exploded. Solid slabs of acrylic and oth.r plastics
are no more expensive than the labor required to build a Plexiglas

box that can be filled with water.

Shipping Containers. Only a few processors ship dosimeters

regularly through the mail. Many processors shipped dosimeters
in weak containers, such as shoe boxes, and they continued to

use the containers until they literally fell apart. Consequently,
some dosimeters were lost during shipment. The testing labor-

atory should replace substandard shipping containers with sturdy

containers.
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Time Limit for Receiving Dosimeters. Throughout the pilot study,

a great effort was made to complete all irradiations required
during a given month at least two days before the end of that
month so the last days could be used for packaging and mailing
the dosimeters. Since an average of 2,000 dosimeters were ir-
radiated each month, it was imperative that all the dosimeters
arrive at the testing laboratory at or before the beginning of
the month. During the early part of Test #1, several processors
were very casual about shipping their dosimeters; some dosimeters
did not arrive at the testing laboratory until the 15th or 20th
of the month. We adopted a fule that any dosimeters arriving
after the 5th of the month would be returned unirradiated. This
solved the problem except for an occasional oversight by a pro-

cessor.,

Beam Monitors. A beam monitor connected to a strip chart recorder

was used to monitor the cutput of each of the two X-ray machines
while dosimeters were being irradiated. The irradiatiou date

and time of day were recorded for each dosimeter. Thus, if a
processor challenged the delivered dose to a particular dosimeter
irradiated with X rays, the calibration and irradiation infor-
mation could be checked including the actual irradiation time
recorded on strip-chart paper. Some method should be available
for the radioisotope sources to verify that the irradiation time
recorded was, in fact, the true irradiation time. Perhaps beam
monitors and strip chart recorders should be used with all ra-

diation sources.
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diation Log Book. Processor's name and
code number have been omitted. Computer
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Format of data pages kept in the Irra-
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CATEGORY: 1, GCamma

INTERVAL: 1, 10-800 rad

Source: Cobalt-60 teletherapy Processor Name:
Irradiaticn Distance: shown below Processor Code No.:

Type of Dosimeter: ~F LY\

Exposure Irra.

Mne  _ Bmber  _Itrs.  _(Mmin)  (aim)  Posieies  Dist(ca) | peee .  pexted Duse (rad)
1 24 022079 S45% 382 4 /00 1740 L 5.
2 L 022079 5454 986 9 /00 /750 550.
3 52 022079 5454 i38l ¢ /00 /800 £00,
4 2 022019 5454  12.9/ 4 /00 /810 €S0.
5 154 032079 53.99 IL.B3 3 /00 /830 b 20,
6 182 032079 5399 10.40 3 /00 1840 ©00.
7 (70 032079 53.99 .95 L /D0 [BSO | 30.
8 304 041p79  53.43 357 3 oo 1200 255.
9 342 041879 53,43 LIS 3 /00 (2i0 800.

10 322 041879  53.43 845 3 100 (220 0.

4 4



CATEGORY: 1, Gamma

INTERVAL: 2, 30-100 mrem

Source: Cobalt-60 irradiator Processor Name:
Irradiation Distance: 200 cm Processor Code No.:

Type of Dosiretei: { \m

Exposure Irra.
Line  _Nember  Irra.  (am/min)  (see)  bPositien | piee.  Deperted Dose (avem)
1 “+ 021578 22.49 1405 2. Yoll=) 70,
2 33 ©2/579 22.49 252.5 - {149 100,
5 5/ o2/579 22.49 (956.5 2 o220 50,
o |63 033079 2218 Al 4 lalo 97,
s (37 632679 2218 A5%.¢ Y (2 (6 122
s A4  »32679 2718 9.0 2 245 .- IS
» 1] 032679 228 1038 - 1220 45,
8 305 042079 21.98 2323 6 £ 12CC 101
g 32| Q42019  21.°8% 172 Z (201 L0,

10 240 042079 2199 2250 2. 1202~ 107,

ey



CATEGORY: 1, Gamma
INTERVAL: 3, 101-300 mrem
Sour:e: Cobalt-60 irradiator Processor Name:
Irradiation Distance: 100 cm Processor Code No.:
Type of Dosimeter: ¥ L
Exposure Irra.
Dosimeter Date Rate Time Phantom Reference Reported Dose (mrem)
Line Number _Irra. (mR/min) (sec) Position Time Deep
) 35 oz22675 ®8.73 13,5 < 1325 290,
2 3 022679 88.73> 929.4 1228 5.
3 b ¥ 4 022679 B8.73 160.5 < | 33 2.10.
4 172 032272 £1.97 115.3 2 015 =3
5 2 ©322229 €297 2.2 3 /01 200,
6 13y,  ©32279 R1.97 103.3 3 1017 187,
7 [92.  ©O322729 £197 14,2 3 1016 240
4 308 0AI879 21 146, 2 b LOCG 260,
9 349 41879 &1 935 b 100) 135,
10 323 o4p1o el 12 & (00 (35,




CATEGORY :

1, Gamma

INTERVAL: 4, 301-10,000 mrem
Source: Cobalt-60 irradiator Processor Name:
Irradiation Distance: 100 cm Processor Code No.:
Type of Dosimeter: { L™
Exposure Irra.
Ltne  _ Number  Irra.  (aR/min)  (se)  beseemn  poeic®  Reported Dose (arem)

1 25 022075 88.92 4258, - OBB2. 7400,

2 53 o22079 88.92 6315 k-, 0945 OO,

3 3G oz2079 88.92 (94.D 3 0950 10O,

p 5 o22079 89.92 477.2 3 Kelely, 760,

5 195 03azze 87.81 3k, [ HCC S 100,

6 141 033779  RT.81  SI1U0.4 S [6.CC 1000,
1174 o3azze  R1-8l 1735 5 [¢C 150.

8 354  o4eg19 B7-43 32l 3 1160 6300,

9 234 040879 %743 300 3 | 80O (500,
0w 300G o4o829 37.43 Cio. 3 1900 10000,

iy



NBS Technique: MFK

Machine Settings:
Added Filtration:
Irradiation Distgnc

200 kV, 20 mA
4,85 mm Al, 0.5 mm Cu
e: 100 cm

2, X Ray

1, 10-800 rad

Processor Name:
Processor Code No.:

Type of Dosimeter:

Exposure
Dosimeter Rate Phantom Reference Reported Dose (rad)
Number (R/min) Position Time Deep
i 37 022379 g],83 46 58, 12¢ 15,
2 55 022379 8.83 20.09 2 385,
3 b ¢22379 £B3 323 ' 30 27,
4 26 022379 ae3 50,41 i bl13,
5 lple 032679  10.83 48,0 / (200 615,
6 e ! O32679 _10.83 114 / /300 79,
7 192 032679 10,83 5233 / 1310 625,
8 360 042579 1054 32k 3 130/ 150
9 345 042579 1054
10 31] (425719 1054

8%



CATEGORY: 2, X Ray

INTERVAL: 2, 30-100 mrem

NBS Technique: HFK Processor Name:

Machine Settings: 250 kV, 5 mA
Processor Code No.:
Added Filtration: 3.97 mm Al, 0.60 mm Cu, 1.03 mm Sn, 2.65 mm Pb
Irradiation Distance: 100 cm Type of Dosimeter: i \.n

Exposure Irra.
Dosimeter Date Rate Time Phantom Reference Reported Dose (mrem)
Line Number _Irra. (mR/min) (min) Position Time Shal low Deep
1 24 022179 2094 &3 2 1215 O, O,
2 38 022179 20.44 2225 2 1220 15, 15,
3 7 022179 20 49 3.395 2 (225 e, e,
4 91 032379  zZ0Al 319 / /20 |Olo, 0w,
5 o T 132379 200 3615 / 120, 120,
“ {0 032379 20,494 A ks ko, 00,
7 <D 032379 204 f.2 > 3 50, 50.
8 3032 042579 2/ 30 2.44 3 i \0S. 109,
9 313 042579 2130 27\ : 32 107 101,
10 351 042819 21.3C 240 5 1303 Hno, WO,

6%



CATEGORY: 2, X Ray

INTERVAL: 3, 101-300 mrem

NBS Technique: HFG Processor Name:

Machine Settings: 150 kV, 10 mA

Processor Code No.:
Added Filtration: 4.00 mm Al, 4.00 mm Cu, 1.46 mm Sn
Irradiation Distance: 100 cm Type of Dosimeter: | |-\

Exposure Irra.
Dosimeter Date Rate Time Phantom Reference Reported Dose (mrem)
Line Number _Irra. (mR/min) (min) Position Time Shallow Deep
1 39 022079 6255 .87 / 1215 170, \10,
2 25 022079 6255 [.305 / /1220 29 1214,
3 S5 022079 62.55 2.95 / 1225 246, 48,
4 (90 032179 656 3,04 / 1930 256. 256,
s (D o32119 656 [52 / 1935 =y 1S,
6 120 032119 456 .97 / 1940 197, 197.
; 142 03279 456 2.3 / 1950 23, 263,
8 235 042479 GLi3 241 3 [ 30/ 225, 225,
9 3l 042478 b2 3.28 ; 302 331. 337
10 35¢ 042470 Ge.t3 .79 , 1202 170, | 78,

0s



CATEGORY:

INTERVAL:

NBS Technique: MFG
Machine Settings:
Added Filtration:

100 kV, current shown below
6.31 mm Al

2, X Ray

4, 301-10,000 mrem

Processor Name:

Processor Code No.:

Type of Dosimeter:

-

Irradiation Distance: 100 cm
Exposure Irra.
Dosimeter Date Current Rate Time Phantom Reference Reported Dose (mrem)
Line Number Irra. (A) (mR/min) (min) Position Time Shallow Deep

1 22 021479 5 112 S0 F /1 /5 €400,  €ISO.
2 10 02/37Y 4 Aoy AU : 490, 480,
3 57 024479 S £122 34 2 /20 3000, 2900,
4 fa A2 737 9 / /05.2 249 P &, 524, S50% .,
5 ‘S9 032179 2 £e0.3 .30 / e 7125, T35,
6 (47> 032175 3 £00. 2 5 92 [ } 7 2C & 900. S S0,
. 1715 G324 679 J 2.9 5485 / 'S ©40. elS .
R | 5t (42479 O 2563 369 3 {008 4095, _ 393¢.
9 231 042479 / 73.21 382 3 Mo 400, 364
w350 Yz 220 bl 3 Y 595 512

L ——

18

g



CATEGORY: 3, X Ray

INTERVAL: 1, 150-300 mrem

NBS Technique: L-G ' Processor Name:
Machine Settings: 30 kV, 1 mA Prsaibant: Bide M
Added Filtration: 0.37 mm Al

Irradiation Distance: 200 cm Type of Dosimeter: R

Exposure Irra.
Dosimeter Date Rate Time Phantom Reference Reported Dose (mrem)

Line Number Irra. (mR/min) (min) Position Time Shallow Deep

1 4\ 02267" 114.5 (89 . /0D 190 . 59, w

2 SR 022479 114.5 292 - /0S5 348 108,

3 9 622679 | 145 226 4 /170 Sy oS,

4 2\ 622479 145 1.78 4 /15 184 . 55,

5 7k 031379 (1.8 2.6k / /1602 284, B8,

6 (89 031279 .8 2.77 / E 340, 105 .

7 144 031379 . P 2.0l / /610 319, 91.
8 35% 042819 .0 25| 4 1100 320, 100,

9 336 0az@79 16l 188 4 (10} s, 5.
3 325 04879 ilbd 19> 5 102 230, 71,




NBS Technique: L-G
Machine Settings: 30 kV, 4 mA
Added Filtration: 0.37 mm Al

Irradiation Distance: 200 em

CATEGORY: 3, X Ray

INTERVAL: 2, 301-10,000 mrem

Processor Name:

Proc~ssor Code No.:

Type of Dosimeter: Fits\

Exposure Irra.
Dosimeter Date Rate Time Phantom Reference Reported Dose (mre.,

Line Number Irra. (mR/min) (min) Position Time Shallow Deep

1 42 022,79 2264 18.1S b |530 2835, 815,

2 59 022(:19 2864 3246 b 10O 1500, 2 300,

3 28 022679 2564 2.98 s 30 830. 220,

4 |D 0220679 2869 15.92 1% 1700 2150 850,

5 |77 03147¢ 288, bl / (700 405. 125

6 145 031479 286, (1.84 ! 1705 27006, 750,

7 157 031479 2660 (.28 / 1710 52¢. 162,
8 ___ 357 042979 28868 2990 4 1350 6915, 2150

9 336 042979 2888  3.6| 4 14 pO 1317, 425,
10 310 042979 2888 117 4 141D 508, 157,

£S



CATEGORY: 4, Beta
INTERVAL: 1, 150-300 mrem
Source: Strontium-90 Pr cessor Name:
Irradiation Distance: 35 cm Processor Code No.:
Type of Dosimeter:
Absorbed Irra.
Dosimeter Date Dose Rate Time Reported Dose (mrem)
Line Number Irra. (mrad/min) (min) Shallow
1 ¥ 3 OR877 /S3 A 320,
2 e o927 ss5>3  A9F 2071,
3 ) R OA)IS 2] PrX ST 4 260.
4 29 o929 /523 L7F 300, __
5 (Sb 030979 152.0 1,70 215,
6 8% 030979 $2.0 .29 213,
7 149 030979 (152.0 1,32, 206,
8 So2. 234379 15).3 |7 219,
9 50° 051079 i51.3 .22 215 ,
10 S04 0SI1019 1S1.3 .90 310,

Fiesl



CATEGORY :

4, Beta

INTERVAL: 2, 301-10,000 mrem
Source: Strontium-90 Processor Name:
Irradiation Distance: 35 em Processor Code No.:
Type of Dosimeter:
Dosimeter Date I)Aobsseorl?aide ;‘;:1:. Reported Dose (mrem)
Line Number Irra. (mrad/min) (min) Shallow
1 G4 creeq \Sry 6 S 6700,
2 VY cree§ b WL 59 &50,
3 20 cLoey % | [215 25715,
4 142 032179 152.0 3.7/ 6B0.
5 152  o32179 152,0  1.66  29¢0,
6 169 63N 79 1$2,0 G. 14 815,
7 139 e32179 152,00  9.2A  \woo,
8 554 GH42379 1516 3. 54 740,
g 3\t 042319 (516  S3.60 @53,
10 327 042319 1506 5:69 915,

\r:‘\ B

ss
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CATEGORY: 6, Gamma component
of gamma plus X ray
INTERVAL: 1, 50-100 mrem
Source: Cobalt-60 irradiator
Irradiation Distance: 200 cm
Exposure Irra.
Dosimeter Date Rare Time Phantom Reference
Line __ Number Irra. (mR/min) (sec) Position Time
L3 ¢ YS  01379 21357 JE73 [ /206
.2 /Y 02137y 29871 €3 b /70/
3 77 O2)37% S/ 4299 4 /JoR
4 173 o3/979 I 365 % ; J 3y
s +S7 o31471 X7 /345 3 5o
- oty
5 AT o397 2.7 Y5¢ T 1302
. sSP oy 2237 36 I )30
.95 ool 79 2R3 S56 & [A00
0332 046179 42,3 1047 2 | 203
n_ 302 oHO179 aa3 D18 ] 120 ¢

Page 1 of 2

Processor Name:
Processor Code No.:

Type of Dosimeter: 1 ' W

86



e e e i e e P e — - WG (rw n——r

Page 2 of 2
CATEGORY: 6, X ray component
of gamma plus X ray
INTERVAL: 1, 50-100 mrem
NBS Technique: HFK Frocessor Name:
Machine Settings: 250 kV, 5 mA Phninsads toils N2
Added Filtration: 3.7 mm AL, 0.60 mm Cu, 1.03 mm Sn, 2.65 mm Pb
Irradiation Distance: 100 cm Type of Dosimeter: [ 1-A
Exposure Irra.
Dosimeter Date Rate Time Phanton Reference Reported Dose (mren)
Line __Number Irra. (mR/min) (min) Position Time Shallow Decp
1 Y5~ 022179 2044 98 / /115 125, 125,
w
O
A /Y 022179 2044 262 [ /120 1Ho. Ho.
3 /] 022179 ___204% 23 / /25 90, %0,
4 i ] 032379 2044 L5 J 0OO LS L5,
s J5] 032379 2044 78 : Y, 9, 9>,
6 /i7 D32379 a1 8l “f 2 38, 38,
1 /58 2379 coA 104 4 12, 130, 130,
s 350 042579 21 30 2.\ / 120 45, 45,
o 332 042319 21,30 ol l (302 15. /15,
10 302 042:31S 21,30 L] 1 8o, 80,




Page 1 of 2

CATEGORY: 6, Gamma component
of gamma plus X ray

INTERVAL: 2, 101-300 mrem

Source: Cobalt-60 irradiator Processor Name:

Irradiation Distance: 2100 cm Processor Code No.:

Type of Dosimeter:

Exposure Irra.
Dosimeter Date Rate Time Phantom Reference
Line Number Irra. (mR/min) (sec) Position Time

1 5-7 00?/3 7? i 3 57 /5-515/ 7 /f(,(,)‘
2 5 5371 2257 35Y ¥ PO
.
&

3 Y¢ OR3I79 D287 YAl SPO2
A C3/%79 2337 ).+
s /96 Ayry  Jal  2c3.]

/ .TJ(%’./

e W 4
P’

o sY7  Oy¥2i 2337 RFY S 70
S T O3y7i 2227 2210 s~ 1703
8 315 OHol 79 2243 {35.6 " |2 30
9 324 o04ol79 22.13 A417 2 1235

o4o179 22.13 15.3 X 1240

09



NBS Technique:

Machine Settings:
Added Filtration:
Irradiation Distance: 100 cm

HFG

150 kV, 10 mA
4.00 mm Al, 4.00 mm Cu, 1.46 mm Sn

CATEGORY :

INTERVAL:

6, X ray component

of gamma plus X ray

2, 101-300 mrem

Page 2 of 2

Processor Name:

Type of Dosimeter:

Processor Code No.:

Exposure Lira.

Dosimeter Date Rate Time Phantom Reference Reported Dose (mrem)

Line Number Irra. (mR/min) (min) Position Time Shallow Deep

1 SY 022019 62.55 /78 / 1045 | 94, 194-

2 5 022079 6255 95 / 1050 153, i53,

3 % 022079 4255 1I85 / 1055 o2 /62,

o )25 032179 4S.6 48 2 1700 &i, 81
s /J 032079 456 22l 2 1701 529, 529,
6 Ve W 4 032179 (5.6 42 2 1702 | 7D, 170,
7 /553 032179  (S.0 46 2 1703 235, 235
8 315 0424719 Gip. 13 .40 " (900 185, 185 .

9 324 042479 b3 4 | 120 8l g\,

10 340 042479 blal® 1.5¢ | (90 ¢ 195, 195.

19



Page 1 of 2

CATEGORY: 6, Gamma component
of gamma plus X ray

INTERVAL: 3, 301-10,000 mrem
Source: Cobalt-60 irradiator Processor Name:

Irradiation Distance: 100 cm Processor Code No.:

Type of Dosimeter: [ LM\

bostaner - Bdbe: TEmE T g Meterines

Line __Number _ Irra. (mR/min) (sec) Position __Time
1 S0 020679 £2.37 225 o 200
2 /¢ 80677  F7.37 3322 2 /20/

3 /8 OR0¢77 4737 227 2 / 300
4 33 00677 8737 3197 2 S5/
s /55 p31379 PP D52 T oy
6__r77 O03/3)9 FLEAS o4 <~ P e
RN/ 4 C3/377 9PAS 1L S P
s 1o oqoa1y 3165 T4 . [soc
9 1749 o479 $1.65 134 - % [6OC

10 XM 040179 ¥1.68 A7/, [ 200

9
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Page 2 of 2
CATEGORY: 6, X ray component |
of gamma plus X ray d
INTERVAL: 3, 301-10,000 mrem .
NBS Technique: MFG Processor Name: |

Machine Settings: 100 kV, current shown below
Added Filtration: 6.31 mm Al
Irradiation Distance: 100 cm

Processor Code No.:

Type of Dosimeter: _, .

Exposure Irra.
Dosimeter Date Current Rate Time Phantom Reference Reported Dose (mrem)
Line Number Irra. (A (mR/min) (min) Position Time Shallow Deep
1 So {21379 | /0572 2,695 | i 500 485 o
2 /b 021479 S B17.2 1785 / 1215 8000 7900
3 2 021579 I sOsa 242 ! L 311 357
4 33 021478 5 8112 155 / 1220 7140 1100
.8 755 02979 I (029 113 + (100 L) 418
6 S77 032179 S eLe 3 1.23 < 10 S 1472 14405
1 /P 031979 ( /02 9 So/5 4 e, 705 615
290010 42419 5 23 382 ! |30 : :
_93:749 04249 / 73.27 273 ’ 121 .
0 o 24 O472479 5 8563 1,400 J /132 -




Page 1 of 2

CATEGORY: 7, Gamma component
of beta plus gamma

INTERVAL: 1, 200-300 mrem

Source: Cobalt-60 Processor Name:

Irradiation Distance: 100 cm Processor Code No.:

Type of Dosimeter:

it e Th . e kwtw Sefavssie

Line Number Irra. (mR/min) (sec) Position Time

1 3\ 020679 BS.27 49,15 2 0925

2 \7 0279 89 37  115.2 < 0930

3 48 020679 &9 27 415 . ©933

4 121 0310719 8835 1354 l 110 &

5 150 031079 £8.35 49.1 / 106

6 S 0331079  an3s 129.3 [ 111D

7 |4l 031079 RB.35 121.6 / 1112

8 247 o4olrq B1.e5 Haa A 1400
9 309  o040179 K165 49.3 A& (405
10 220 o4oi179 K165 g6 A 1110

%9



Source:

CATEGORY :

INTERVAL: 1,

Strontium-90

Irradiation Distance: 35 cm

7, Beta component

Page 2 of 2

of beta plus gamma

200-300 mrem

Processor Name:
Processor Code No.:

Type of Dosimeter:

Absorbed Irra.

Dosimeter Date Dose Rate Time Reported Dose (mrem)

Line Number Irra. (mrad/min) (min) Shallow Deep
1 3\ CL2WN] \s L3 TS 282, 92,
2 \ 7 o LYW\ \S2.2 Y 240, 240.
3 48 621 \Y \$72.3 \.O\ 241, 84,
4 IRl ©3i279 | S2.0 .53 310, 210,
5 150 031379 152.0 l.20 2063. 10.
B 1S 0313179 152.0 .S/ 372, 1977,
7 4l 031319 1S2.0 A7 350. 230.

8 3417 041619 15). b .03 250. B0,

9 309 O4\p19 (5.0 (.12 215. 95,

10 320 04119 1Sl A9 365, 190.

1=

S9



Page 1 of 2

CATEGORY: 7, Gamma component
of beta plus gamma
INTERVAL: 2, 301-10,000 mrem
Source: Cobalt-60 irradiator Processor Name:
Irradiation Distance: 100 cm Processor Code No.:
Type of Dosimeter:
Exposure Irra.
Dosimeter Date Rate Time Phantom Reference
Line __Number _Irra. (mR/min) (sec) Position Time
1 47 020679 89.327 103@. 3 Alen
g 20 oz20679  89.37 99.5 > 1 2.0o
3 49 020679 89.37 935.35 > V257
& /9 ©23/379 RP2sT 1282 =2 ez
s Y 034378 §Ps  J/RE. R /230
6 /6  ©3/37] 2825  spL.A R )3
7 34y o4ol79 K7.65 493.3 1890
»_ 358 04179 %7265  1c0.4 X (600
s 312 o4o179 8765 C70.6 (610
w 333 oye79. 3765 170.3 A 620

ol LS Y

99



Page 2 of 2

CATEGORY: 7, Beta component
of bet:s plus gamma

INTERVAL: 2, 301-10,00C mrem

Source: Strontium-90 Processor Name:

Irradiation Distance: 35 cm Processor Code No.:

Type of Dosimeter: { ‘L™

Josimeter Date e gl RO e S
Line Number _Irra. (mrad/min) (min) Shallow Deep

1 477 oL24u)4 \§2.3 28.83 3270, 2220,

2 20 oOLLUN] \$3.3 .44 530, 258,

3 W OLLW\] S22 3Ly 1500, ( 100,

6« [/PS 031419 192.0 J5 428, 218,
s /84 63147 520 2217 3350, 2000,
6 /Y 031479 1S2.0 5% Bo. L80 .
7 B4Y O4c279 ISLL 333 1980, 1700,
s 5% cu0a1q 5L ADl 595, S,
s 3\ ouo279  15L4G 166l 2300, 1300,
10 332 O HOYT2 \s1.6 4 415, 295,

(9



CATEGORY :

Page 1 of 2

8, Gamma component
of gamma plus neutron

INTERVAL: 1, 150-300 mrem
Source: Cobalt-60 irradiator Processor Name:
Irradiation Distance: 100 cm Processor Code No.:
Type of Dosimeter:
PRI T - - A +-gll WA X Custu
Line Number _Irrs. (mR/min) (sec) Position Time
1 bl 00670 P37 925 3 /730
: oy  po20679 87.37 222 X /751
-3 2 0206729 §7.37 S5°3 3 /732
4 209 03/0758 gé3s //3.2 ( £930
5 204 031075 £8.35 43.1 / 0932
6 197 031075 886.35 799 / 0934
7 201 031075 88.35 $29 / 0936
s 375 041079 81.317 94. L 4 100
o 37| 041075 81.37 36.7 ¢ [10]
10 3k 2. 041079 8137 9.1 4 /102

e

89
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Page 1 of 2

CATEGORY: 8, Gamma component
of gamma plus neutron
INTERVAL: 2, 301-5,000 mrem
Source: Cobalt-60 irradiator Processor Name:
Irradiation Distance: 100 cm Processor Code No.:
Type of Dosimeter:
Exposure Irra.
Dosimeter Date Rate Time Phantom Reference
Line Number Yrra. (mR/min) (sec) Position Time
1 &7 Q2cEB79 9.3 505.5 F | 510
2 7 czok7re 29231 | 50,77 e (525
3 ©9 o779 8931 1653 2 15 20
.« 200 031279 88.28 428.3 | \ 329
s 202 _o3.279 g8.28 117.3 | 1339
6 200 o©31275 88.z8 Go.V | (355
;7 210 31279 ge.=2g 139.5 | |400
8 364 040979 81.4 204 .2 5 [200
9 372 040979 87 4 190.4- 5 1205
100 307 0409179 g4 (62.4 5 R15

oM

0L



Page 2 of 2

CATEGORY: 8, Neutron component
of gamma plus neutron

INTERVAL: 2, 301-5,000 mrem

Source: Californium-252 Processer Name:

Irradiation Distance: shown below Prucessor Code No.:

Type of Dosimeter: iuw

Dosimeter Date o i g Phantom Trra Reference  Reported Dose (mrem)

Line Number Irra. (mrem/min) (min) Position Dist. (cm) Time Deep

1 7 (22475 T18.28 4132% - ! 050 (729 2186

2 73 022479 B.28 7115 1 050 1815 910

3 ©9 022479 71828 12.55 1 050 IR26 4210

o200 07%277% %65 3320 ! Coo (635 990

s 202 632773 %5, 3798 OS50 /636 4465

620G n377% St 2800 [/ 040 eF7 415

, ZVO 88275 %5 %15/ Of e (638 4440

s 364 OWi77 7536 Lo/ / O5% (495 449

9 372 0Y/579 SO A L / 050 /44 2180

10 367 0977 755c  GyEs / Ose /947 D35
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APPENDIX C

Computer program used to evaluate processor
performance and a sample report. Processor's
name and code number have been omitted. Raw
data for this processor are shown in Appendix B.
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COMMON TYPE oNCATWREF (10) oF INISHeCODE (10)

COMMON HRATECLO) oTIME(LD) 9EXPOS(10) P (101 «CXRESULTIPBAN,HBARYS

COMMON NUMAER(10) o IMONTHIL0) «IDAY(L0) o IYFAR(10)«IPOS(LV)IOIST(LIO

NIMENSTION RSHAL (10) +DSHAL(10) sRDEERPI]0) 4NDFFP(10)+STATE(10) oNUMX(,
1P)«DSHALX(10) oNDEERPX(10) oRAT (L0 o TIM(10) ¢ JMONTHIL10) o« JDAY(10) s JYEAR
PUIN) o JPOSLI0)«CLOCI0) o (L0 oFINCLIO)ox(10)9M(10) DO (10)

REAL ®% PROJCESSORGTYPE«PRGCE2TYOKA /Y v/

NATA PASS/'PASSY/oFLIL/'FAILY/«VOIDZVOINTY /40Ky Y v/

NATA STao/ee V/eSTARR/YSe vy

CEAD (5+300) NavE

cORMAT (11

SFAD (Se20) NCATINTERPRUZCESSORsNU 4y TYPE

nC = NCAT

TN = INTEW

PR = PRU

CE = CESSOR

ML) B NUM

TY = TYPF

WRITF (Be200)

CORMAT (IHL///7/77719%y $PERSONAL DOSIMETRY PFRFORMANCE TESTING'//33
17etd PILAT STUNYN///7/7/732A9SPONSORED HY :9/22x4'U,Se NUCLEAR REGUL
24TORY CUMMISSINNYZ//77/32X9'CONDUCTED SY ' /1 Txe"DEPTe UF ENVINUNME
INTAL AND INOUST<IAL HEALTHe/2Bxs*SCHNOL OF PUALIC HEALTH/28Xs*UN]
AVFRSTITY OF “ICHIGAN'/30Ke*ANN ARBOWs MICHIGANY/////18Xs1008000008000
e RESU.TS nF TEST w2 seedpoceaet/ s/ /)

TF (NANMELEQ.]1) PRU=0XS

TF (NGME ENel) CESSOR=0xd

wRITE (65420)1) PROYCESSOReNUMy TYPE

CORMAT (234 'PHOCESSOR NAME ' *9AB4AT//23X4'PROCESSOR CODE ~n0e ¢ 0
1412//723%,YTYPE OF DOSIETER [ v,aB)

wOITE (He2N2)

EORMAT (IWL///77773Xs"FOKR EACH DOSIMETER, 4 PERFO~MANCE INDEX IS C
18 CULATED HY 394//7/7/732%4%P = (H® = H)/HVY /770K 'WRERE ¢ = DELIV
ZERFD QUANTITY/]13X4'H® = WEPORTED QUENTITY?Y////4X4'FOR FACH DEPTH
INF FACH INTFRVAL OF A CATEGORY. AN AVEWRAGE PERFORYANCE'//exs " INDEX
4y (P AVERAGE)e AND ITS STANDANN DEVIATIONs Se ARE CALCULATEDS'/777
Saseth PROCESSOW PASSES A CATEGORY [Fe FOR EaCH DEPTH OF EACH INTEwW
AUAL et /76X e THE BHSOLUTE VALUE NF (P AVFRAGE) PLUS 2S IS LESS THawn
708 EQUAL TO' /76X« 'THE TOLERANCE LIMITy Let7z/7//

w2ITE (8e207)

EORMAT (4Xo'FOR CATEGORY lo INTERVAL 1+ AND FOR CATEGO®Y [Is INTER
1vEL 1o L = 0e3. FOR'//4K9'CATEGURY [y INTESVALS 2¢ 3o AND 4 L =
2743 NR 6/SQRT (M AVERAGE)s wHICHEVER'//6x.'1S LakGrRs Fok aLL OTHE
I CATEGORIESs L = 0.5 OR 1S/SURT(H AVERAGE)« w~ICHEVER®'//4xX,'1S LA
WwPGFR )

WEITF (64226)

FORMAT (2777e%x'IF A DOSIMETER IS LOSTy NOT =EPORTED BY THE PHROCES
16NRy JARADIATED IMPROPERLY'//&4X+'ETCes THE #ORD vOIU APPEARS NEXT
2 TO TWE DOSIMETER NUMHFR., VOIDED DOSIMETEWS'//4X¢'ARE NOT INCLUDE
N IN THE PASS/FAIL CALCULATIONS.')

A0 176 1 = 148

(1) = 0

it

uil)

“(?2)

M)
Mia)

“is)

wik)

v

v(R)

N TO 152

CEAD (5¢20) NCATHINTERyPHROZCESSORINUMS TYRE

FORMAT (2154AB¢A7+[S54AR)

e

LU I L)
NETNNNE NS



san

2ne

2ns

221
220
222

223
234

228

1%2

21

an2

22

an

23

24

2%

74

no Son I = lel0

CODE(L) = 0,0

1F (NCAT NELO) GO TO 152

nn 2ne [ = |8

IF (K1) .GTeN) FIN(]l)=<TAR

TF (JUD) JEQaM(T!) FIN(]I)=PASS

TF (D) ol ToMIT) oANDSK () eFiaMil)) FIN(T)=FAlL

TF (J01) qENaNeANDeK () ,EGeN) FIN(I)Z2STARR

«2ITFE (64205)

FORMAT (1ML ///7//77)Txev00%c000600% S MUARY (OF QESULTS essscesseer
Verr27)

TF (NaMeE EQ.L1) PR=QgKR

TF (NAME EN.]1) CE=(0OxA8

WRTITE (8:20]1) 224CENULTY

WRITE (64206) (FIN(I)e I = 1e¥)

FORMAT (/77277172 CATEGONY [ GAMMAY g 24X %! *,384//717%4'CATEGOR
1v Il HIGH=ECERGY X WAY'o12A0%: '986//]17X'CATEGORY L1ls LOUW=EN
PFROY X WAY o 13Xa*: Y4AG//LITRYCATEGORY [V HeTA 425K 0: vYyR86//17
AAPCATEGUNRY o NEUTRON® 22K 1384/ /1TXo*CATEGORY V1, GAMMA
4PLUS HIUGH=ENERGY K WAY @ *344//17Xe*CATEGO<Y VITe GAMMA PLUS BETA
Srolbxe®: 9,26//7]TR'CATEGURY VIIIs GaMmMa PLUS NEUTRONTS]1Xe?: 'sa4
EL10)

1T = 0

w2 9

N 221 1 = 148

TF (FIN(T) ,FULSTAR) LL=1

TF (FINU]) EUaSTARR) MMz]

roNTINUE

IF (LiLetUeu) GO TU 222

WEITF (mne227)

EORMAT (1 T7xe®® = RESULTS aRE INCOMPIETE FOm THIS CATEGaRY'//)

TF (v knRen) GO TO 226

beITE (med23)

FOMMAT (1 7xe'®® = PROCESSOR DID NOT PARTICICATE Iv THIS CATEGOKY?)

S ITFE (84225)

FORMAT (1M])

N TOo luQ
RO TO (1e2s 2000500479814 NCAT
A0 TO (2e10010010) s INTEW
OFEAD (S592]1) (NUMBER(]) o IMONTHT) o IOAY(I) o IYFAQU])4RATE(T) oTIME (L) o
LTRPOSCI) e TOISTHI) oREF (1) oROUFEPIT)e T = 1410)

FORMAT ([546312¢2F2.Nel1el3eF8,0¢Fl0.0)
nn SN2 1 = ledn

IF (NUMAER(T) o1 ToY0000) 6O TO =02
CODE(L) = 9,0
NUMHRER(]) = NUVHER{I) = 90n00
ronT INUE
B ) |
CALL TEST (RDEEPUDEEP)

JRITE (5422)

FORPMAT (1ML eYXe'CATEGORY l4 GAMMLY //10X¢ ' INTESVAL 1o 1U = 800 WAU?!
1
TF (NAME,EQ,]1) PRO=0KSH
TF (NAME ,EQ.]1) CESSOR=nNxH
“RITE (H5e23) PHOs CESSOWHs NUMe TYPE
FORMAT (4T7x+'PEOCESSOR NAME I 1 ,ABWAT//4TX'PROCESSOR CODE NO. : 0
1e120/7/76Txe v TYPE OF DOSIMETER § '4A5)

MRITF (6.24)

FORMAT (10x+*'SOUNCE ! COBA|  T=60 I[RWRADIATOR®//1NKs? [RRAVIATION OIST
18NCE @ SHOWN HELOWY/7/7)

IF (INTERLGTLL) GU TO 29
TOLER = N,

WwHITE (8425) Cx
FORMAT (23x+'EXPOS, QKA. "s1NXe*IRRA, OFEP ARSORHED NOSEs CX =
|'.F‘.2)

“RITE (6462)



~ne

a3

29

30

12

31

43

46
11

6

ann

ng

2R

14

S21

738

15

L}
9

7
4l

EL}

FORMAT (JXe'UOSIMETER o X o 'DATE 96Xt RATE Yy A0 ' TIME txPOSURE DIS
*Te OELIV, REPURT, *)
wHITF (6403)

FORMAT (2X4'NUMBER 1oRADTIATEND (R/MIN) (MIN) (R} (CM) {
19£7Y) (Ran) Pz (H®=H) /1 2/)

0 T0o 31

TOLER = 6£.,0/S5QRT(HBAR)

TF (TOLER.LT.0,3) TOLER=0.3

wR[TF (Be3n) Cx

FORMAT (23X 'EXPOS, IQRA. "4INXe*IRRA, DOFFP DOSE EWULVALENT. Cx=
‘ . -".2)

«2[TE (Hy62)

wWITE (he32)

FORMAT (22X "NUMBER ICRAUTATED (ME/MIN) (MIN) (MR) (c™) (
1 MEE M) (Mg ) P2 (HOaH) /MY L /)

3 33 1 = 110

cTATF () = 0K

1F (CODE(]).EQ.%.0) STaTE([)=Vn]D

N TO (33e63sbbebe)s [NTER

INIST(I) = 200

N TO 3%

INIST(I) = 100

FONT TNUE

IF (InTeEwR.GBTL 1) GO TO 400

W2 ITE (Ae26) (NUMBEW (1) oSTAaTE(I) o IMONTH(T) s IDAY(I) o IYEAR(]) 9RATE (]
TV oTIVE(I) oEXPOS(I) 9 IDIST(L) oDOFEP (L) JRDEERP (I PII)e I = 1410)
EOFMAT (I Xel90 1 XeAb el Xa 200 =t 1200wt 22X eFh 2eFRBe3eF7,2¢3X9134F9
1e0eF10e3032aF9,47)

~0 T0 0]

WEITE (6482) (NUMBER (I} oSTATE(I) s IMONTH(TI) «IUAY(I)oIYEAR(I) sRATE(]
IYeTIME (L) 2E4POSII) o IOIST(L) «DOFEPIT) «RNEBP([IeR(I)e I = 1410)
FARMAT (IXelSelXoRAb e X e (2 =g 1200t [2,2X4Fb ,2¢FR 30FY 243Xs13,2F
19,004t eF9,47)

#RITF (H427) PHARe Sy wHAM, RESULT, TOLER

CORMAT (/7767%9'P AVERAGE = "4FHB,4//70Ke%S = V4FR,4//R2Xs'H AVEW
IAGE = *eFH_ | //52XsVABS(P AVERAGE) o 25 = " FB, 4//70X9'L = V' ,FB.4//
27

FIVISH = PasSSs

TF (ReSULTL.GT TOLER) FINISHzFATL

wRITE (he28) FINISH

COEMAT (R 44 '00cedpo0be T A4 ®avosnea0euo)

w(]l) = K(1) + |

IF (FINISH.rQeRPASS) J(1)=d(l)e]

~0 TO 100

FEAD (S5¢36) (NUMBER(I) «IMUNTH(I) o IDAY(I) o IYEAR(T)4RATE(L)e ME(L)
LIPOS(I) eREF () RDEEP(INs I = 1410)

FORMAT (1S¢31242F5,00114F%,04F10.0)

nn 521 1 = leln

IF (NUMSER(T) &L TL90000) GO 521

FODE(T) = Q.0

NUMHER (1) = NUMBEN(T) = 90000

CONT INUE

nO 725 I = leln

TIME(I) = TIME(I)/60.,0

cx = .0l

cailL TESY (RDEFP.UDEEP)

«HITE (64+35)

FORMAT (1M] 49X, "CATEGORY [, Gawma )

IF (INTFR « 3, 36¢ 37+ 38

wRITE (6439)

FORMAT (10Xe*INTERVAL 29 30 = 100 MRFEMY)

a0 TO &0

WRITE (B6y8])

FORMAT (10Xs"INTERVAL 3¢ 101 = 300 MREMY)

G0 To &0

wWRITE (hea2)



“?

ar

4R

4

=R

S20

=9

S0

82

56

55

A0

1

76

FORMAT (10Xe*INTENVAL 4o 301 = 104000 MuEMr)

N Tn &0

IF (INTER.GT.l) GO TO &b

BEAD (5+38) (NUMBER (D) o IMONTHIT) s IDAY(T) o IVYFAR(I) JRATELI) +TIME(L)
TPOS(I)«REF (1) +ROEEPII)y | = 1,10)

nn S503 1 = 1.0

TF (NUMSER (1), T.90000) GO TO S03

rFODECTY = 9,0

MUMBER (D) = NUMBER(T) « 901700

rFONT TNUE

ry = ]1,33

caLlL TEST (HDEEPSUDEEP)

#«2ITE (BesT)

FORMAT (1H]+9Xe'CATEGORY [y MIGH=ENFRGY X RAYV//]0As vINTERVAL 1o

110 = A0H ++aD®)

)

1

1

1

7' '~A“t.EQOl’ PﬁUaOKG

1F (NavE EQe.l) CESSOR=0xS

WRITF (65423) PROJCESSURINUMTYPE

wwTE (ByeB)

FORMAT (10Xe*NAS TECHNIGUE : MFK®//1NX'[RRIADTATION DIDTANCE ! 100
CnSyr247)

#OITF (Be49) CX

FORMAT (23xe'[RRA. [oWAe "o LIX'DEEP 44SO~BED DOSEs Cx = *,F4.2)
CAlL ANSWER (RNEEP,DDEEP L)

K(2) = K(2) & )

1F (FINISH,FU.,PASS) JI2)=J(2)+]

nn To 100

WEAD (S5958) (NUMBER(T) o IMONTH(T) s IUAY(T) o IYEAR(T) «RATELT) o TIME(L)
IPOS(T) sREF (. ) «RSHALIL) oRUEEP(T) e I = 1410)

FONMATY ([54312:2FS,0e11+F%,002F10,0)

no 20 1 = le1n

IF (NUMKER (1) ,LT.Y0000) GO TO %20

FODE(TL)Y = S0

MUMHEN (L) = NUMHEWR(T) = U000

rFONT INUE

O TO (959+45946Ne61) s INTER

rt = |26

CcALL TEST (BSHAL «USHAL)

wOITF (8+50)

EORMBT (1H] +9X«'"CATEGORY [ly HIGH=ENFRGY X <AY*//10XePINTERVAL 24
AN = JOu MEEMY)

IF (NAME ,EQ.1) PRU=0K8

IF (NaME EN. 1) CESSOR=0x8

WERITE (64723) PROCESSORINUMTYPE

wRITF (6452

FORMAT (10Xe*NBS TECHNIQUE @ HFX*//INX.*IRRADIATION DISTANCE : 100
CMY 27 7) ’

vRITF (6+s54) CX

FORMAT (23xe'[0RA. JoRAe "ollXe?'SHALLOW NOSE EQUIVes CX294F5.3)
CALL A'SWERQ (RSHAL[SHALZ)

(o) = K(2) ¢ |

IF (FINISH,FQ.PASS) J(2)=J(2)*]

CAlLL TEST(RDEEPDUEEP)

weITE (heSN)

IF (NaMEEQ. L) PRU=OKS

TF (NAME ,EQ.1) CESSOR=0K8

WRITE (5423) PROWCESSORINUNMTYPE

w2 ITF (6452)

WRITE (BeS58) Cx

EARMAT (23X+'[0RA. IoRAe *+11X+*'NDEEP DOSE EQUIVALENTY Cx=49FS,.3)
CALL ANSwER (RDEEP,DDEEPsE)

XK(2) = K(2) + 1

IF (FINISH,EQ.PASS) Jl(2)3J(2) 1

0 YO 100

cx = 1035

CALL TEST (HSHaL+DOSHAL)



a6

L

~1

~s

L

a

-7

77

wdITE (84580
FORMAT (1M +9X'"CATEGORY [I+ HIGH=ENERGY X RAYV//10XevINTERVAL 34
1101 = 300 muemr)

TF (MAME EQ.l) PRU=zNKE

TF (MNAME ,EQ,]) CESSUR=OxH

WEITE (Me23) PROSJCESSOReNUM TYPE

«HITE (6457)

FORMAT (10X«"NAS TECHNIGQUE @ MFG'/Z/ZINX ' IRRADTIATION DISTANCE ¢ 100
1 CM 72

JRITF (6454) Cx

CALL ANSAER (RSHALDSHALZ)

(?2) = K(2) + )

TF (FIUISH,FQePASS) Jl2)3J(2) )

rail TEST (WDEFPLUDEEP)

wOITE (BeSK)

TF (NaME EN.]) PRO=20OKH

1F (NAME EQ.1) CESSOWM=OKH

wRTITE (8e23) PROJCESSORGNUMTYPE

weITE (BeST7)

“STTF (heB8) CX

CALL ANS#EW (RNDEEPLDDEFP2)

XiZ2) = K(2) + |

IF (FINISH P U.PASS) Jl2)=d1(2) )

“0n ™ l()o

fE 3 | 2R

FALL TEST (~SHALDOSHAL)

w2 1TE (B.85)

FORMAT (M1 e9Xe'CATEGORY I[Is MIGH=FNFRGY X RQAYY//|NKevINTERVAL 4o
1300 = 10000 Mupmr)

IF (MNaME ,EG,]1) PRU=OKSE

TF (NOME LEQ.]) CESSUR=ENKE

WHITFE (5473) PROCESSORINUMSTYRF

wWITE (Meth)

FORVMAT (1004 'NSS TECHNIQUE : MFG'/7/10X.vIRRADIATION DISTANCE : 100
| CAY222/)

WRITF (B54Se) Cx

CALL ANSwER (WSkaLDSHALE)

U(?) ] I(2| *

T (FINISHruaPAaSS) Ji2)sdi(2) e

rY = |,23

CaLL TEST (WDEF®<UDEEP)

wEITFE (6465)

1F (NA“EEQ, 1) PRU=OKB

TF (NAME ,EG.]1) CESSOR=0XA

« ITF (6423) PROJCESSORINUMTYRE

«RITE (H486)

WHITFE (85:5%) Cx

FALL AvSwER (HDEEPDDEEP+2)

Ki?2) = x(2) ¢ 1

TF (FINISH.* N.PASS) JI(2)2J(2)+)

<0 To Joo

HEAD (S5+58) (NUNBEH(!)oIIONYH(!iOIOIV(I)olVFAD(II.ﬂlTE‘I)oTlNE(l).
LIPOSUI) oREF (1) o RSHAL (L) oHODFEP(IYe T = 1411)
NN S06 1 = leln

TF (NUMBER(I) 1 ToY0000) GO TO SO«

CODE(I) = 9,0

MUMMERIT) = NUWHEN(TI) <« 90000

FOMTINUE

IF (I TER.GT.1) GO TO «8

Y 2 0.,4)

CALL TEST (~SHaL.DSwaAL)

WEITF (5467)

FOCMAT (1M1 e9Xe CATIGURY [Tl LOW=ENERGY K RAYV//10XKe v INTcHVAL L,
1150 =« 300 MegMv)

TF (NAME EQ.i1) “HU=0OKB

TF (NAME ,EQ.1) CESSOR=NKSE



78

YEITE (hed3) PROJESSURINUM, TYRE
WRITF (5469)
A9 FORMAT (10Xe*N=S TECHNTQUE @ LeG'//10XIRRADIATION DISTANCE ¢ 200
I CMY2077)
welTE (5454) Cx
CALL ANSWER (RSHAL +DSHALZ)
¥(3) = K(3) » )
TF (FINISH . FQ.PASS) J(I)1=J(3)+]
CY 5 0,2%
raLL YEST (KOEFPLUDEEP)
wHITE (He67)
1F (NAvE EN. 1) PRO=OKS
TF (NAME ,EQ.]1) CESSOW=NKS
WRITE (A423) PROJCESSORINU Y, TYPE
wWAlTE (ben9)
WRITFE (85,58) Cx
CALL ANSeER (RNDEEPLODDEEP2)
¥L3) = m(3) » )
TF (FINISH,FQPASS) JI3)=J13)e)
~n Tn 1uo
AR o 8 ag.8]
CAaLL TEST (~SHaLDSHALY
wH]TF (neT0)
7O FORMAY (1M1 YK 'CATEGURY LTle LOW=ENFHNGY X SAYY//]10Xe v INTERVAL 29
1301 « LlU400Nn MukEmY)
TF (NAME ,EQ.1) PRO=0KS
TE INAME EN.Ll) CEDSSON=NRN
“BITF (He23) PROJCESSURINU o TYRE
“1TF (meb69)
«RITF (6+:5%4) Cx
FALL ANLWER (RSwAL.DSHALS2)
¥(3) = K(3) + 1
1F (FINISH,FrWPAS8S) J(3)=Jd(3)e)
frY = 1,28
caLt TEST (=DEFEPSLDEEPR)
WRITFE (BT
TF (NAMYE L EQJe]l) #WOUzOKH
TF (NAME ENg 1) CESSOR=NKSH
«HITE (He?23) PROWCESSORINU o TYRE
#PITE (meb9)
+#ITF (B458) Cx
CALL ANSWER (RNEEPDDEFP2)
¥(3) = K(3) )
IF (FINISH,FPASS) Ji3)=J(3le)
an To loo
6 HFEAD (Sell) (NUMBER(I) oIMONTHIT) oIDAY(T) o IYEAR(I) «RATELT) o TIME(L) o
19S=AL(I)s T = 1el0)
11 FORMAT ([Se312¢2F5.,04F10.0)
N Sps 1 =3 lel0
TF (NUMHER(I).iLT«90000) GO TO S05
eNDE(L) = 940
MUMBER(T) = NUMBRER(I) -« S0n00
§°§ ~ONTINUE
rFY = N, 9AKE
CALL TEST (~SHal+DSrAL;
IF (IMTERLGT,1) GO TO 72
WRTTE (AT
71 FORMAT (1H)]«9X 'CATEGORY Lve BFTAY//10X,*INTEQVAL 1o 190 = 300 MRE
1%}
an 10 1S
72 WPITF (0476}
T4 FORMAT (IH1+9X'CATEGORY Ive BFTAY /10X INTERVAL 2+ 301 = 104000
1VREML)
TS TF (NAME,EQ.1) PRO=0OxS8
TF (NAME ,EQ.]1) CESSOR=0x8
WRITE (5423) PROWCESSORINUMTYRE



3

56

”?
a9
an

TR

79

43

b

as

Rl

ar

L]

79

wHITE (B4T3)

FORMAT (10Xe*SNUKCE : STHUNTIUM=907//10x, " IRNANTATION UTSTANCE A 3
I& CoY/277)

wBITE (5:54) Cx

CALL ANSWER (HRSHALDSHALYC)

M(a) = K(&4) + |

IF (FINISH,EQ.PASS) Jle)=J(e)e)

rn T0 1060

CFAD (5e21) (NUMBERIT) o IMONTHIT) o IDAY(I) o IvFan(L) «~ATECT)oTIME(]L) s
TIPOSIT) «IDISTUI) oREF (1) oROFEP(INe [ = 1e10)

ny Sne I = Jeln

TF (NUMSER(T) «1L.T.9000C) GU TO S08&

FODEIT) = 940

NUMBER (1) = NUYHER(I) - 90000

~OMT IRUE

CALL TEST (NDEEPLUDESP)

IF ([YTERGTL1) GU TN 99

«RITE (BeTT)

FORMAT (1M1 eIX*CITEGURY Vo NEUTRONY /10X * INTEwVAL Lo 100 = 300 ™
16F: 1)

N T 78

WETTF (Hedam

FORPMAT (M) e9Xo'CATEGURY Vo NEUTRON' /1 UKo " INTERVAL 29 301 = 54000
1 MOFwue)

TF (NAME ER.1) PRU=20KS

TF INAME EQ.1) CESSOR=0xH

WRITE (65423) PUNCESSURINU- TYPE

#AIT™ (6,79)

FORMAT (10X4e'SOHUNCE : CALIFORNIUM=252¢ /108, [0sa0TATIUN UISTANCE
1t SHNWN SELN&Y27)

WETITF (heB])

FNEMAT (10X *NNTE @ DE: IVERED NOSE ENUIVALENT INCLUDES THE'/17X4'R
1Anm GETUEN (SCATTER) CORRECTION FACTOR' /1 Txo'SHOWN SELVW'/7/)
YEITE (AR

FNBYAT (23X 'D0SE EWe IHHA, [GWAL' oS5k ?DFFP NOSE EWULVALENT?
SCTTE (Beda)

EORMAT (|Re'U0SIMETER DATE' o TR *RATE TIYE DISTe SCATTER (V]
161 IV, wER RT )

ww [TE (HeANn)

FOSMAT (2X4 "NUHRBER [9RADTATED (MGEM/MIN] (MIN) (CM) CeFe (
L ME M) (M ™) Pz (HOan) /ury /)

“nAs I = .10

cTATF(]) = 0K

TF (CNDE(]).EN.5.0) STATE(T)=VNID

FONT INUE

WRTTE (HeBT7) (NUMBER (L) oSTATE(I) s IMONTH(T) o TOAY(TI o IYEAR(I) oRATE (1
TV eTIMECL) oI ISTU(I) EXPOS(I) oDOFEP(T) 4RNEER(T14P (L) I = 191 0)
FORMAT (1XalSolRsAR X oI20 0=t 31200t [2¢3NaFb.24F9,3019,FB,.392F9,.0
TekXeF4,0/7)

TOLFR = ]1S,0/SONT(mBAR)

TF (TOLERGLTL0,5) TOLEWN=0,.&

WRITE (5427) PYARISHBARINESULTTOLER

EInulsSH = PASS

TF (OFSULT.GTLTOLER) FINISHzFAIL

CRITE (H42R) FINISH

w(5) = K(5) ¢ |

IF (FINISH.rQ.PaS8S) JI(S)=J(S) e}

=N To 100

“EAD (S5988) (NUMBER ('« [MONTH(I) o IOAY(T) o IYEAR(I) 4RATECT I o TIME (L) s
1IPOS(IN+REF(IVe I 3 1910)

FORMAT (15431242F5,09114F%,0)

SEAD (5+20) NCATSINTERPRO,CESSORNUYS TYPE

FEAD (S5¢58) (NUMK(T) sUMONTHIT) o JOAY (1) o JYEAR(T) yRAT (L) 9 TIM(I) »JPOS
TEI)oCLOMT) oRSHAL(TI) vROFEPIT) s T = [410)

NS0T I = 1410

TF (NUMBER () 4L TeY0000) GO TO S08



508

L LA

728

e
a1
9%

a2
11

<3
112
110

kL)

124
127

128
128
126

37

QR

171

1n2

in7

1ne

18

16

113

80

CODELL) = 9,0

MUMEFR (L) = NUMRER(I) - 90000

T (NUMXLT) 4LT,90000) ~0O To S07

CNDE(T) = Q9,0

MUME(T) = NUMXIL) = 90000

rfONT INUE

na 126 1 = Leln

TIME(]L) = TIVE(]1)/760,0

e = |.,01

raLL TEST (HDEFP,ULDEEP)

wHITFE (b49a)

FORMAT (1M1+9X"CATEGURY VIe GAMMA COMBONENTT 4 32X,'PAGE | OF 3'/23
17 '0F GAMMA PLIUS HIGH=ENERGY X RAY'/)

AN YO0 (91492993) s INTER

“RITF (6e35)

FOPMAT (10X« *INTERVAL 1o 50 = 100 MagMme)

0 Tn 110

vRTITE (»elll)

EORMAT (1O« INTERVAL 2 U01 = 300 Mugpmr)

~n To 110

w2 1TF (0sll2)

FOSMAT (JUXS*IMTEXVAL 3¢ 301 = 104000 MEFMr)

IF (MaME EN.]l) PRUzOKH

TF (NaME EQ.Ll) CESSOR=OxS

wRITE (Bsrld) PRDWCESSORINUyTYRE

WEITF (n498)

FOPMAT (10X *'SOURCE ! CUBA| T=bu [RRANTATONYZ/)
a0 IO (124412541¢25) s INTER

“wITE (Bel2T)

FORMAY (10xstlovallATION UISTANCE : 200 CMrzr277)
N Y0 126

wRITE (8,129

FARMAT (10xe?[oNaDIATION DISTACE : Ju0 CMr/z/7/72)
LBALTE (8497

FORMAT (ST 'OFLIVERED DUSE EGUIVALENT Yo /2nxst [HRA, [WHAL 20Ky
JOSHAL | OWE 5 X g " EERY)

wOITF (~e98) Cxe Cx

FORMAT (X 'DOSIMETER DATEY X o " 2ATE TIVE EAPOSURE " +9X
100zt Fe 24 Cxz=tyFa,.e)

WRITE (8410 1)

FNEMAT (2K 'NUVHEN IR=ANTATED (M /MINY (MIN) (M) ' 12X
1ot (VMGFM) (MREM) 2 27,

ny N2 I = leln

ETATF(I) = OK

1F (CODE(]) 4EQave0) STATE([)=VAIL

~ONMT ITNUE

WRTITE (04103) (NUMKER(T) oSTATE(T) o IMONTH (I o lOAY () o IYEAR(I) o RATE (
1T1eTIVE(T) EXPAS(L) oNOFEPLT) «ONEEP(I) e I = 141n)

CARMAT (1XelSe ) XeARel2h e 20t =ty T2t [244XeFH 23F10s3sF1042+8AFa,
1Ne6k4FTe0/)

WRITF (BeINT)

FORPMAT (1M1 +9X'CATEGORY VIe X RAY COMPONENT' 39X 'PAGE 2 OF 34/23
I¥eOF GAMMA PLUS HIGH=ENLHGY X RAYY/)

A0 TO (108,10541006), INTEN

wHITE (6495)

CYSHAL = 1,26

rYDEEP = 1,26

0 To 113

we ITE (Bell))

cyswaL = 1,35

rfaNEEP = ] .35

=0 70 113

WRITF (8el12)

reSHAL = 1,28

rXDEER = 1,23

rX = CXSwAL



1179

179
112

1130
123

11
134

| 1§

10

9

118

116
17

81

nno lne 1 = lelo
CATE(]) = RAT(I)
TIME(L) = TIMLD)
CTATE(]) = Ox
1F (CODE(T)EQ.9.0) STATE([)=VNID
rONT INUE
CALL TEST (w=SHAL+LSHALY)
rY = CXDFFO
rFALL TEST (WUEFPJULEEPY)
TF (NAME EQ, 1) PRO=z0OKs
1F (NAME ,EQ.1) CESSOR=0OKS
VRTITE (5427) PROCESSURINUM, TYPE
0 TO (1294130613000 INTER
VOTTE (B4]1132)
FORMAT (100 "NKS TECHNIWUE t HFr'Y//)
Aan To 108
wWBITE (Bl )
FORMAT (10x«*NAS TECHNTIGUE : nFG'/7)
N T LA
2 1TF (Belde)
FORUAT (10xe"'NSS TECHNTIQUE : MFGY//)
“B1TF (64]115)
FOGMAT (10ao*1Q-ADIATION OISTANCE : 100 C™r//27)
HTTE (8e97)
WRITE (ne9a) CrsmaLe CxDEER
wOTITE (Seln))
weITF (beln3) (NUMX (T o3TATE(T) o UMNANT L) s UDAY (1) odYlak (]) omNATE(
1T aTIME(T) oEXPASE]) yDSHALXI(]) oNDEEPK (L) T = 1410)
w1 %9 [ = Jel0
nEMAL () = NDEER(T) o DSHALXIL])
NeEFR(L) = NOEER(L) o AnkEwx ()
TF (NUMSER(]) oFOJNUMKIT)) GO TO 89
e"[TF (Be90) NCATe INTFW
FORMAT (1Ml eoXo"WARNING o988 [OUSIMETED NUMBELSS [N CATEGUAY *ele* |
1o TFRVAL *el1/717%k0200 4OT vaTCw oETweENn ThE Tun waDIATaON SOUNRCES
206FN )
0 T 190
rFONT INUE
Yy 8 A0
CALL TEST (~SHALUSHAL)
TOLER =2 1S, /S uRT (HHAN)
TF (TOLERGLT.0e5) TOLER=0.8
na jle I = Jeln
TIME(D) = nSHAL(T)
FEPOS (L) = ksHAL(D)
QFF (L) = P(])
PAVHG = PRaR
caAvGh =2 S
HAVG = HRAD
CAMRES = RFSULTY
GAMTOL = TOLER
GAMFIN = PASS
IF (RESULT,GT.TOLER) GaMFInsFATL
ry =2 5,0
raLlL TEST (wDEEPODEEP)
TOLER = 15,078 RT(HRAK)
IF (TOLERLTL0,5) TOLE9=0.5
FIMISH = PASS
1F (RFSULT.OTTOLER) FINISH=FATL
LRITE (B.11%)
FONMAT (1M1 99X "CATEGORY VI TOTAL OF GAwMA FLUS x RAY', 2224 'PAGE
13 AF 3v/77)
a0 T (116611 76118)s INTENW
wWRITE (6495)
an To 119
wRITF (6011



120

121

122

123

136

117

139
140
1318

82

20 Yo 119

WOITF (64112)

TF (MAME EQ.]1) PrU=O«B

TF (NAME,EQ.]) CESSON=NKE

HMITE (5,23) PROCESSORINU,TYPE

WAITF (mel20)

ENEMAT (/7771RX ' TOTAL SHALLOW NOSE FQUIVALENT o 7x4*TOTAL DEEP DOS
1F EQUIVALENT/3Xe"DOSIMETES Y 96X o "DELIVERFD REPORTED' 910X« 'DELIVERE
IO RFBORTEDY /74X "NUMSERY o LU X o ¥ (MkEM) (MAEM) P (mMBeM) /Mty TRy (MRE
am) (MWEM) Ps(ne=n) /M1 y7)

wBITE (54]121) (NUMBER(T)oSTATE (L) o TIVME(L) sExPOSITY o REF(])sDOEEP(])
1eRPEER(LIoP(L)e I = 1ol

FOOMAT (Gx oISl h0haeSA FTe0o2AeF lalo2haF3eae T oF T ,0e2R9FT,0s2RsF9,
147)

WHITE (H4127) PAVOIPRARSAVG. >eHAVG s HHAR GAMKES JRESULT o GAMTUL » TULE
1

ENRMAT (/777484 %P AVENRAGE =040 8,44 2x90%P AVENRAGE ='4FBeb//736Ke'S =
TOeFR A0l0K"S =03F i, 4/7/720R'n BAVERAGE =0 ,Fa, [412Xs"M AVFHAGE =%+FB
Pl 7715 R0 A4S (P AVERAGE) * 25 S0 FR 4,24 2ARC (2 AVFRADGE) o 25 =',FR
A A/7IRY G 2V, FR G 20K 2',FR,4/7)

WRITE (5e123) GamF INe FINLISH

FOARMAT (|Mry'®cce®pnecs \FT LY PePs0000908t ,Jl,00%0%30000 YAG
1ot covcacsotsey)

wih) =2 K(&H) ¢ 2

TF (FINISH,FUePASS) J(K)=U(h) )

IF (GAMF IN,ENPASS) JlA)2J(H) T

0 T v

OFAD (SeRB) (NUMBERIT) sIMUNTHITIsINAYIT) o IYFAS () ¢RATE(T)oTIME(]L) »
1IRPOS(I)IeREF(I)e I = 1010)

SFAD (5+20) NCATINTERPROZCESSORINUM,TYRE

SEAD (Sel4]) (NUMX(T) o JMUNTHIT) o JDAY (1) oY AN (1) o SAT(I) oTIM{I) onSH
TALIT)SROFED(TI)e T = 10100

FORMAT (15431242F2,042F1 a0}

AN SS9 [ = 1eln

TF (MUMRERIT) 41 . TaY0000) GO TO s10

CPNE(T) = 9,0

NOMHER (L)Y = N HEN(T) = Un0O

TF (NUME(])oLT.90000) G0 To S03

rFONECL) = 9,0

MUMELT) = NUMXIT) - S0000

ronT IwUue

AN 127 1 = leln

TIME(L) = TIME(]I)/Z6040

ry s 1,01

raL L TEST (RDEEP.UDEEP)

TOLER = |S5,0/SNRT(H3AR)

TF (TOLERGLTe0s5) TOLER=0.5
CAVG = PRAR

cayis = §

HAVA = HRAV
RAVMKES = RESULT
GAMTOL = TOLER
RAFIN = PASS

1F (RESULT,.GTL.TOLER) GaMFIN=FATL

wHITFE (Bel3s)

FORMAT (Ml +SXo'CATEGORY VITe GAMMA COMPONENT,32x+'PAGE | OF 3v/2
14X+ '0OF BFTA PLUS GAMMAY /)

IF (INTER,GTL.1) GO TO 139

SRITE (54137
FORMAT (10X« *INTERVAL 1o €00 = 300 MREMY)
a0 TO 134
WRITF (K.140)

FARMAT (10X« *INTERVAL 29 301 = 104000 MuEMr)

TF (NAME EQ.1) PROU=OKS

1F (NAME EQ.1) CESSOR=0XS
wRITF (5423) PROWCESSORINUMTYRE



178

197

166

1a2

143
lad

1a?

lab

148

146

150
151

83

WwRITF (0495)

WRITF (8e]12R)

1F (vCAT NELB) GO TO 197

«AITE (H:175)

FORMAT (1OXs'NCTE & DELIVERED DOSE EQUIVALENT INCLUDES A GaMMA=-wAY
197172 *CONTRIRIITIUN FROM THE CF=252 SOURCE FLUaL TO'/17x,'7.033 PE
FLCENT OF TWE NFUTHUN DOSE FQUIVALENT//7)

WRITE (/.97)
we [TE (ne9R) Cxe Ca
EITE (641001
" 18« [ = Jeln
po(l) = P(1)
<TATF(l) = Ox
1F (FODELT) JEQe940) STATE(T)=VAID
rONT INUE
WEITE (#.°03) (NUMBER(T)oSTATE(TI) o IMONTHIT) o INAY () o IYEAR(]) oHATE(
T)aTIHE "V oFxPOSLI)sODFEP LI SDDEEP (L) I = 1010}

IF (CAY ,EQ.R) GO T0 1AKS
w ITE (Bele?2)

FORMAY (1H] «IXo'CATEGOSY VITs RETA COMPONENT' 32X 'PAGE 2 OF 3'/24
e 'OF HETA PLUS Ammar /)

IF (IATER.GT.1) GU TO 163
w21TE (6el37)

N TN |es
w2ITY (Aelei)

TF (NAME ,EQ.1) PRO=0KxB
TF (*ave ,Eqg,1l) CESSOR=NxA
SRITE (Ha23) PROJCESSOReNU“L TYPE
JEITF (heTY)
fEo= 0 ,94K8
S lel?T I = Leln
CATE(I) = QaT(1)

TIvF(I) = TI4(D)

“FE(]) = 0,0
STATE () = Ox
1F (CODECT) sEQeve0) STATEL(T)=VNID
ro8TINUE
capl TEST (~SHAL«0OS~aAL)

W ITE (He9T)

«w[TF (elbh)

FANMAT (1X o 'DOSIMETERY SR UATE Y oBa o tWATF Y o 7TX 40T 4EY s JA, va08Se DUSE
10 ¢S R g VCKZ GAB50 46X ' ChX=0aU0"/2X 9 "NUMBERT s 0x 4 " TLwADTATEUY s IX o (MNAD
DAMINI V3N e (MIN) Vol o? (MHAD) T o] A0 (MHEM) P onX ot (MREM) 1/ /)

WRITF (Hheln}) INUMX(T) oSTATE(I) o JMONTH T ) o JNAY () o JYEAR(T) oHATE(
1T e TIMECL) oFAPASTI) sUSHAL (T ) omEF (L) I = 1e10)

AN 1ad 1 = 1410

ramaL (D) = OSHAL L) o NDEER(])

TF (NUMSER(T) oFTaNUMRIT)) GO TO lar

WRITF (5499) NCATeINTES

0 T0 190

rOMT INUE

Y o= &,0

capL TEST (~SHaLLSHAL)

TOLER = 1S5,0/SORT (HHAR)

1F (TOLERGLT40,5) TOLE®R=0.5

FInIsSH = Pass

TF (WESULT.GTLTOLER) FINISH=FATIL

w2 [TF (Belav)

EORMAT (1M1 e9Xo'CATEGORY VIIe TOTAL OF RFTA PLUS GAMMA' 234 'PAGE
13 0F 3y /)

IF (INTERGGTL1) GO TO 150

RTITE (64137

a0 To 151

wATTF (6e1laM)

1F (NAME,EQ.]1) PRU=OKE

TF (nAaME L EQ.1) CESSOR=0XB



s12

173
1=0

11

13

1.2
166

145

ish

17
1~8

131

84

WRITE (8423) PROJCESSORINUM,TYPE

WRITF (mel20)

wHITE (mel21) 4~u“DEa(t)oSYAYf(l)ohsnAL!lb.~s-.L(|).P(l)oUOEEJ(l).
1RDFER (L) +PP(I)e I = 1e10)

WRITE (841272) PRANGPAVASISAVOeHBAR s HAVG 4RESULT o GAa WESYTOLERIGAMTY
1

WHITE (64123) FINISH, GaMFIN

X(T?) = ®X(Ty) & 2

IF (FINISH,FEN.PASS) JIT)I=J(T)e]

IF (GAMF IN,EW.PASS) JI(T)I=J(T)e]

20 To 100

CEAD (SeRA) (NIMBER(T) «IMUNTHIT I o INAY(I) o LYEAR(I) «RATELT)oTIME(]) s
1IPNS(I)ewEFIINe 1 = 1910)

SFAD (S5+20) NCATSINTERPROGCESSORNUY TYPE
CEAD (5021) (INUMECT) g UMONTH(T) ¢ JUAY (1) ouYEa<(T)oRaT (L) oTIMII) ¢ UPOS
TV INISTII) o C (L) 4ROFEP(T)e I = 1410)

0 S11 1 = 1leln

IF (NUMHER(T)41L.T«90000) 60 TO S12

FODE(TL) = 9,0

MIMBFR () = NUMRER(I) - 90000

1F INUMA(T)LT,90000) 6O To S11

CODECT) = 3,0

AMUMX(T) = NUuMXITL) = 90nN0

FONT INUE

ry 2 |l,0]

N 160 I = 1el0

TIME(L) = TIMEC(L)/n040

EXPOS(]) = RATE([)eTIMF(])

AREFB (L) = EAPOS(I)OCKR & D,07033°RAT(1)eTIv(])
TNEL = UDEEP(D)

NEL = IDEL

NIFF = LDEEP(IY = XDEL

IF (PIFF,G6T.0e5) GO TO 173

AREFR(I) = XDEL

“n 10 len

ANFFP(TI) = xDEL « 1.0

rONT INUE

WHITF (A416K1)

COPMAT (IH] oYX 'CATEGORY VTIIle GAMMA COMPONENT 332X *PAGE | OF 44/
125X VOF NEUTRON PLUS GaMMA:+/)

IF (INTERLGTWl) GO TO 1ne

WRITF (6elK3)

FORMAT (10X *INTERVAL 19 150 = 300 MoEMY)

an T0 134

WRITE (belba)

FORMAT (INXe?INTERVAL 2¢ 301 = Se0n0 MREMY)

a0 To 134

WRITF (be1KA?

FONMAT (1Ml e9X+*CATEGORY VIIls NEUTRON COMPONENT '3 30Xe'paGE 2 OF 3
10/725%.'0F NFUTRON PLUS GAMMAY /)

IF (INTERLGT,1) GC TO 167

YOTITF (Be163)

0 TO 168

WOITF (6el66)

1F (NAME ,ENe]l) PROzOXH

TIF (NAME.EQ.1) CESSOR=0xS8

WwRITE (6423) PROJCESSORINUM, TYPE

WOITF (6479)

wOITF (848])

ny 191 1 = 1.10

OATE(T) = QATI(I)

TIMEC(I) = TIM(])

STATE(L) = OK

1F (CODE(1).EQ.9.0) STATE(Y)=VAID

rONT INUE

Yy = A,0



149

170

172

1”3

158

176
177
178

179

1a]

182

85

capL TEST (RDEFP.UDEEPX)

«HAITF (K.1K9)

FORMAT (23x4'DNSE EQe  INNA, [ORALY . JaXs'DELIVERED DOSE EWUIVALENT
1P 71X 'DOSIMETER DATE s Txs'RATE TIME DIST, SCATTEW 93K e *SHAL
21 Ow NEERY)

WRITE (6s1T70)

FOPMAT (2K ¢ *NUMKER [ORAUTATED (MeEmM/MIN) (MIN) (CM) CeFoa'ollxe
10 [MEEM) (MEEM) v /)

weITF (hel?72) (NUMEET) oSTATE (T s UMONTHIT) ouDAY(I)eJYEAR(]) o AT (]
1) eTIMII) o INISTII)vEXPOSII) JDDEFPX(L) JDNEFPR (1), T = 14ln)

FORMAT (X g S0l XoAGa X o290t =ty =t (00 3keFb,2eF 930 12,F8,3¢8X,2F
19,07

O IK3 1 = Jeln

ANFEO(L) = DDEFP(L) o ANEERR(])

TF (NUMAER(D) oEQeNUMXI(T)) GO TO 143

WRITE (H5490) NCATHINTER

~0 To 100

rFONT INUE

e 3 Al

CALL TESY (HDEFPLODEEP)

TOLFR = 15,7/SORT (HBAR)

TF (TOLeRLTe0,5) TOLER=0.5

Flh[(u = P‘ﬂs

TF (RESULT.GT.TOLER) FINISH = FAIL

o ITE (hel9m)

FORAAT (1H1+SXW'CATEGORY VIIIs NEUTRON PLUS Gawvate29Xe*PaGE 3 OF
13% /73

IF (INTEOLGTL1)Y GO TO 176

«21TF (heln)
an To 1717

WRTTF (bhelAs)

wOITF (nelTR)

ENRMAT (272)

TF (NAME EQ.]1) FPRO=0OxS8

TF (NAME EN.]) CESSOR=NXH

YRITE (%423) PROJCESSORNUWTYRE

fOTTE (Bel?79)

FORMAT (//7/79%'TUTAL NEEP DOSF EQUIVALEGTY /1Na e "DOSIMETER® ¢tk s *DE
iV TVERED WER HTEDY/ L I Ko "NUMCE R 12X o (Mup w) (MWFEM) Pzlyeer)/Hr//)

¢BITF (HelRN) (NUMBER(T)oSTATE (L) oNDEFP (1) «~LEFPIT)P L)y I21010)

FONMAT (1IXolSelX0adebuoFT 0e20eFT7,0.2%eFY,07)

“BITE (nelAl) PHARGSeHHARIEESULToTOLER
FORUAT (//726X4'P AVERAGE =0 4F P 8//6484"S 20 4FR,4//730X0 14 AVERAGE
120 0FR1/7/2nRe "aRSIP AVERAGE) ¢ 2S5 =0, Fh,a//46X,'L ='4F8,4//)

WRITE (He]H2) FINISH
FOPMAT (Phxe'00sevsaavps LET TR sdooedavent)

W(R) = K(H) + |

TF (FINISH,FQ.PASS) J(A)=J(B)e]
a0 T0 100

E iy
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SUHOUTINE TEST (NEPLOEL)

COMMON TYPE ¢NCATGREF L10) oF INISHCODE10)

COMMON RATE(LO) oTIME (LD oEPOS(10) P (10) +CrowFSULTePBAK HBARS
COMMON NUMAERT10) o IMONTHILO) o INAY (101 o IYFAR(LD)«TROSEIV) «1DISTLID)

22

Sa

&1

€

4

83
a0

an

il
32

70

11

e

23

FIMENSTON REPIID)SDEL (10D
“EAL ®A AL FDOTYPE

NATA ALHEDO/'ALHEVD 7/

TNEL = 0,0

™ = 0,0

T IO s

IF (CreENQubal) GO TH 50

T1F (rx,EG.AL0) GO TO 24

nh 221 = 110

EXPOS(T) = RATF(I)eTIMF ()
NEL L) = ExPUSIT)®*Cx

1F (NCAT ,NE,S) GO TO S0

TF (TYPELEQ.ALRELQV) GO TO s
~F80 = 1,018

FEIND = o

0 TO 52

rFSn = 1,06

FFI00 = la17

N S3I L = el

IF (INIST(I)«EN.100) GN TU S&
FAPNS () = CFSN

FFL(T) = RATE(L)O®TIME(T)®CF50
N Y0 53

NFLIT) = RATE(I)OTIME(T)*CFL00
FePOS (L) = CFLnn

FONT I HUE

“n 3¢ [ = 1410

5(1) = 0,0

INFL = wELID)

NEL = INEL

NIFF = UFLID)Y = xUEL

1F f01FF = 0.5 3Gs 30, 31
NELITY = XNEL

“n TtTn 37

CELITY = AnFL o+ 160

1F (DEL(I)EQen.0) GO YO 1o
(1) = (REP(]) = UVEL(IYV)ZUELID)
IF (CODE(I).LT.9.0) GO TO 33
NENOM = DENOM -« L0

N TN 38

THEL = TDREL « NELID)

Te = TP « P

FONT INUE

PRAAR = TP/DFNOYv

“RAR = TDEL 7LDENOM

N = 0,0

nn 23 1 = 1«10

IF (cNDELT) EN,5.U) GO TO 23
HOLD = =OLD ¢ (P(l) = PHAN)ee?
rONT INUE

§ = SQRT(HOLO, (DENOM = 140y
PESULT = AR (PRAR) + 2,0%5
RETUR

Fun



«2

&3

22

&1

20

‘4

21

“5

23

1n
an

13

a1

11

32
12

s7

87

SURROUTINE ANSwER (REPJUELoN)

COMMON TYPEGNCAToREF (10) oF INISHeCODE (11)

COMMON #aTE(L10) o TIME(LN) 9ExPOSIL0) 4P (10) «CxeNFSULToPBAR ,HBARSS
COVMON NUMRER (10) o IMONTH(LD) : INAY(10) o IYEAR(10)+IPOStIV) +IDIST(10)
NIVENSION NELLTO) sREP(I0) s&TATE (L0}

BFAL ®8 TYRF

NATA PASS/'PASSY /oFAIL/Z'FALLYZ/oVOID/VOINY ZouK st 'y

IF (NCAT NE,6) GO TO 22

CRITFE (8452)

FORMAT (1Xe DOSIMETER® 4Rk VOATE Y 48X 0 1WATE o AX QI TIHE®  SAL 100SE? s 5K s
1PFLIVe "o 3X e "RFPORT  v)

HRTTE (8.%7)

FOWMAT (2R o "NUYHEN [IGRAUTATED (MwAD/M) (MIN) 0y 3xe? (MNEM) (ME
1) (MKREM) Oz (Ho<n) /HV/ /)

TOLER = 1S,0/SIRT (meaR)

TF (TOLERGLTL0,%) TOLER=0,.%

a0 To 23

WRAITF (8451

FORMAT (1Xe'DOSTMETERY 34 X0 tDATE 9B X9 VRATE Y 4K 4 0 TTHE ExPOSURE " 3X
1*MEL Ve WEPNKT 1)

20 TO (2092100 N

T FR = n,3
WITF (Bybs)

FNRMAT (2X4 INUAREH IORADTATED (R/MIN) (MIN) (R)VepXyt (RAD)
1 (RaD) P (He=r) /M s/

N T 23

TOUER = 15,0/S0RT (M4AK)

TF (TOLFRLT.0.5) TOLERN=0,.5

I)l" (B4R

FNEMAT (2X, *NUMBEN ISRAVIATEN (M2 MIN) (IN) (MH) * SXy? (MREM)
1 (ME ™My B (me=n)/ur//)

nN 101 = 14190

STATF (L) = Uk

TF (CRDE(])oEQe9e0) STATE(T )=V UL

~ONT INUE

A0 TO (30310 N

wOTTF (6s173) (wuvu£~(l)o§T:Tt(l)-luuutntv).[navtl).XV£a4(1).uA!E(1

TVoTINE (L) 9ECPOSCI) 4NEL(I) 9REP ()P (L) [ = 141-)

FORmaAT ilchSollclbvll.IZO'-'-12-'-'.l?.1x.r7.:-F~.Jon.e.F9.o.rlu
'.,'3"""."

0 TO 32

RITF (he11) (HU"UEQ(I)vSYATE(I’OI*ONYﬂ(!l.!OAV(I)9!7Eﬁ9(lloRATE(l
1) eTIMECL) sEXPOS(I) o DEL () 9REP([) 0P (1) e | = 1s10)
FORMaAT (llol5ollol‘ollo22-'-'o!?o'-'.IZo|lc¢7.?.¢ﬂ.JoF’.202F9.0.cx
14FS.a/)

“RITE (65412) PHARSSIHBARYKRFSULT.TOLER
FORMAT (//7/56X'P AVERAGE = "4FR,.4//K6X41S = VFR,G4//50X ' AVEKAD
IF = 04FH,1//46X4YARS(P AVERAGE) + 2§ = VaFA,8/7/64Ke'L T 1,FR,4/7)
cltIsH = PASS

TF (BFSULT,.GT.TOLER) FINISHzFATIL

wRITF (6457) FINIoH
FORMAT (L7t ,1%0080%c00800 Vel LE T T Y TN
QF TURN
Fan
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PERSONAL DOSIMETRY PERFORMANCE TESTING

a PILOT STuDY

SPUNSOKED By @
Uese NUCLEAR REGULATORY COMMISSION

CONDUCTED By @
NEPT, OF ENVIRONMENTAL AND INDUSTRIAL HEALTH
SCHO0L OF PUBLIC HEALTH
UNIVERSITY OF MICHIGAN
ANN ARBURy MICHIGAN

sooanedaee RESULTS OF TEST =2 seacenaea®

PROCESSOR NAME
PROCESSOR CODE NO. ¢

TYPE O UOSIMETER @ FILM



89

FOR FACH DOSIMFTER. A PERFORMANCE INDEx 1S CALCULATED BY @

P oz (H® = )/

WHERQE ¢t W = DEL IVERED QUANTITY
H® = PEPORTED QUANTITY

FAR EACH DEPTH OF EACH INTEWRYVAL UF A& CATEGORYs AN AVERAOGE PERFORMANCE

IMDFXe (P AVERAGE)s AND ITS STANDARD DEVIATIONe Se ARE CALCULATEUS

A PROCESSOR PASSES A CATEGOKY Fe FOR EACH DEPTH OF EACH INTERVALS
THE ABSOLUTE VALUE OF (P AVEWAGE) PLUS 2S IS LFSS THaN OR FQuUAL TO

THE TOLERANCE LIMITs Lo

FOR CATEGORY T+ INTERVAL 1 AND FOR CATEGORY Ilv INTERVAL ]¢ L = 043, FUR
CATFGORY I+ INTERVALS 2y 3y AND 44 L = 0.3 OW £/SORT(H AVERAGE)s WHICHEVER
1S LARGER. FOR ALL OTHER CATEGORIESs L = 0,5 OW 15/SQRT(H AVERAGE) s wHICHEVER

Ie LARGER,

IF A DOSIMETER IS LOSTe NOT WRERPOWTED BY THE PROCESSONs IRNMADIATED IMPROPERLYs
ETC,es THE WORD VOID APPEARS NFXT TO THE DOSIMETEwW NUMBER, VOIDED DOSIMETERS

ARE NOT INCLUDED IN THE PASS/FAIL CALCULATIONS,



90
CATEGORY 1+ GAMMA

INTERVAL 1y 10 = B00O WAD
PROCESSOR NAME :

PROCESSOR COUE NO. @

TYPE OF DOSIMETER : FILM
SOURCE . COBALT=60 IWWADIATOR

IPRADIATION DISTANCE ¢ SHOW BELOw

EXPOS. IKKka, iNwAe  DEEP ABSOMBED DOSEs Cx = 140)
DOSIMETER DaTe RATE TImE EXPUSURE DIST, DELIV, REPONT,

NIUMBRER IRRADIATED (R/MIN) (MIN) () (Cw) (=AD) (4D, Pz (H®=H) /t
34 2=20=179 54,54 3.K20 con, 34 lon 21Ce. 195.000 =Ue071e
11 2-20-79 54,54 YeB60 537.76 19n 5643, 550.000 00129
5?2 2=20=79 54,5¢ 13e810 153,20 1an 761 600,000 =0e2]116

2 2=20=-79 54,54 124910 T0se11l lon Tlle 650,000 =0e0855
154 3-20-79 53,99 1les30 ©38.70 100 £45. 6cle.uu0 =0s038%
182 3-20-79 53.99 10e400 561.50 lo0 567, 600,000 00582
170 3=20=79 53,99 14650 105,28 loo 106 130,000 Oe2206
04 4=~18-79 53,43 3.570 190.75 100 152 255.000 Ve3212
347 4=-18-79 53,43 64150 328459 lon 22 800,000 ledlys
322 4~1B-79 53,43 Besa50 45].48 lo0 45¢ . 600,000 0¢3156

P AVERAGE = 01937

S = DedbZs

H AVERAGE = 45244

ARS (P AVERAGE) + 2S5 = 11195

L = 0«3000

Soseeseta® FAlL  eepesstveses



91
CATEGORY I+ GAMMA

INTERVAL 2y 30 = 100 MRim
PHOCESSOR NAME

PROCESSOR CODE wnO. @

TYPE OF DOSIMETER : FILm
SOURCE : CORALT=60 IRKADIATOR

IRRADTIATION DISTANCE ¢ SHOwN BELOw

EXPDSe INWka, TRR DFEP DOSE EWUIVALENT, CX=],0]

DOCIMETER DaTe KATE Timg EXPOSURE NISY. DELIV,. HKEPORT,
NUMBE R IRRADIATED (MR/MIN) (MIN) (Mk) (Cwm) (MREM) (MKEM) Pz (H®=h) /¢
« 2=15-7%9 22,49 Ce34c 5256 2nn 53. 70 03208
33 2=-15=7% 22,45 4208 94.65 e2nn 96. 100. 0e0617
5] 2=15=79 22,49 3.275 T73.65 2nn Ta. 90, 0e2lb2
163 3=26-79 22.18 3.577 79433 2110 80 97. Ue2125
137 3-26-79 22.18 4327 95.97 2~n 97. 122. Ve2577
194 3-26-79 22,18 1e500 33.27 2nn 34, 38. UsllT7s
1M 3=26-79 22,18 1730 36.37 260 39. 45, 0.153%
305 4=-20-79 21,98 3ekG3 85,58 2nn 86. 107. Uel4s?
32) 4=-20-79 21,98 14953 42.93 enp 43 60 0e3953
340 4~20=79 21,98 3¢760 B2.64 200 83, 107, Qe28Y97
P AVEKAGE = Ue224y

S = Os1023

H AVERAGE

68.5
ABRS (P AVERAGE) « 2S5 = Des295

L = 0«7245

CoveeRe®e® DACS eesrcensissce



DOSIMETER
NUMRER
35

3
27
172
162
13R
192
308
340

323

CATEGORY I+ GAMMA

INTERVAL 3.

101 = 300 Migm

SOURCE : COHALT=60 IRRADIATON

IRRADIATION DISTANCE

Dave
IRRADIATED
2=26-79
2=26-79
2=26=179
3-22-79
3-22-79
3-22-79
3-22-79
4=-18-79
4-18-79

4-18-79

EAPOS.
RATE
(MK /MIN)
88,73
RE,73
RB,73
87,97
87,97
87,97
87,97
87.11
87,11
87.11

! SHOWN BELOw

IRRA,
Time

(MIN)
2+725
1.657
Ceb15
legee
24020
le722
24353
2e6T0
14558

1.210

EXPOSURE
(Mw)
26le79
14700
237435
ibYertE
177.70
151.45
2uv’-02
215416
135.75

105440

PROCE

SSOF NAME

PROCESSOR CODE NO. @

TYPE OF DOSIMETER : FI

I1RWL .
DIST.
(Cw™m)

10n
1nn
1n0
10n
100
lao

100

LM

DFFP DOSF EQUIVALENTs Cx=1.0.

DELIV,
(MREM)
Phi.
148
2640
171
179,
153.
209,
217,
137.

106

[ P AV <

REPOKRT .
(MREM) Pz (H®=H) /1
290, 0.1885
165, Uslles
270 001250
1806, 00877
200. 0.1173
187, Ge2222
240 DelaB3
260 Oel98B2
135. =0es0140
135. Vel2T736
© AVERAGE = Oelat]
S = 0.0803
M AVERAGE = 1B80s

AGE) +

PASS

2s = 0e3067

- = Debst?7

Soescectones



CATEGORY I+ GAMMA ”

INTERVAI %9 301 « 104000 MueEmM
PROCESSOR NAME

PROCESSOR CODE wNO,

TYPE OF DOSIMETER : FILM
SOURCE : CORALT=60 IRKADIATOR

IRRADIATION DISTANCFE ! SHOWN BELOw

EXPOSe IKka,. iRRae DFEP DOSF EWUIVALENT, CX=]1,01
NNETMETER DaTF RATE TImE EXPOSURE nDIST, DELIV, REPOKWT,

NUMBE P IRRADIATED (MK/MIN) (MInN) (M) (Cwm) (MREM) (MREM) Pz (H®P=H) /t
2% 2-20-79 BB,92 T0.967 6310435 1an 6373 7400, Oelbll
3 2-20-79  BB,92 104525 935,84 1oo 965, i100. Uelba0
in 2=20=79 88,92 11.572 1028,95% loo 1039, 1100, 00587

s 2-20-79 88,92 7953 707.21 lon Tl4. 760 Oelbus
195 3=27-79 87.81 57100 5013.95 100 5064, 5100 0.0071
147 3=27-79  87,.8]) 9.957 877.81 1np HB7. 1000, 01274
174 3-27-79 87,81 TeB92  692.97 1nn 700 750, 0e0714
15> 4= B-79 B7,43 564.350 4&75).82 Joo 4759, 6300, 0e3128
134 4~ B.7S 87,43 5.000 S524,L 4 100 530 600, 0el321
306 4= B-79  B7.,43 102.667 BYT6.14 loo 9066 1G000. 0e1030

P AVERAGE = 0.1202

S = 0«0838

H AVERAGE 3011.7

ABS P AVERAGE) + &S

Q.2878

L = 0«3000

Sosaeteta® DACS Sscessetesce



DO=IMETER
NiIMRER
37
55

(]
26
166
16]
193
36n
345
31

94

CATEGORY [Te HMIGH=ENEKOUY X RAY

INTERVAL 1o

NES TECHNIQUE

IRRPADIATION DISTANCE

DaT’

IRRAD(ATED (R/MIN)

2-23-79
¢=23-19
2=23-79
2-23-79
3-26-79
3-26-79
32679
4=25-79
“=25=79

4=25-79

I MFK

IRRA,
RATE

10 « 800 RAD

¢ 100 ™
Inka,

Time EXPOSUKE
(MIN) (R)
86550 411430
20090 177.39
3.830 33,82
S50.410 465,12
“B+100 520.92
Tel40 77433
524330 566,73
32660 344,24
254260 266,24
11710 123442

PROCESSOR | AME :

PROCESSOR CODE NO.

TYPE OF DOSIMETER

.
.

Flim

DFEP ABSURBED DUSEs CX = 1,33

DELIV.
(RAD)
547,
236,
45,
S92,
693,
103,
754,
“5h.
354,

164,

REPURT
(RAV)
675,000
385.,Uno0
27.vune
613,V00
675.Un0
79.Un0
625,000
750,000
610,Un0

355,up0

P AVERAG

H AVEKRAG

ABS (P AVERAGE) * 2

sfscsvasoe® FATL

3

S

E
S

L

Pz (Ho=H) /1

0e2340
Ueb3la
=Ue%000
U.0355
=0.0260
-0.2330
=0.1711
06370
0.7232

ls1646

0.2596

= 050867

394.6

1.2730

= 0.3000

d#seassonce



DOCIMETER
NIIMBRF R
24
3R
7
191
167
160
1640
303
313
35)

95

CATEGORY I+ HIGH-ENERGY X RAY

INTERVAL 2y 30 = 100 MHgm

NES TECHNIQUE @ WFK

IRRADIATION DISTANCE

DaTE
IRRADIATED
2=21=-79
2=21-79
2=21=79
3-23-79
3-23-79
3-23-79
3-23-79
4=25-79
4=25=79

4=25-79

IHRA,

RATE

(Mr/MIN)

2U,44
20,64
20,44
20,46
20,46
20,46
20,46
21,30
2l,30

2l,.30

i 100

IRRA,
TImgE

(MIN}
lebv0
2+225
34395
3.190
3815
leB10O
1230
2okt
2710

3.100

EXPOSURE

(M=)

34454
45.4H
69439
65.27
T8en5
37.03
25.17
S51.97
S7.72

66403

PROCESSON N
PROCESSOR C

TYPE OfF DOS

AME
00E wo

IMETER

FlLm

SHALLOW DOSE EQUIVes Cx=]1,.260

DELIV. REPURT,
(tabE ) (MEwm)
“é, 6V,
5Te 75,
87. l1o,
62, los,
YR, i2v,
7, 6V,
32, SV,
6%, 105,
T3, 10¢,
83, liv,

P AVEKAGE

S

H AVEXAGE

ARS (P AVERAGE) +* 2s
&

aPoovopbone

PASS

P (HeaH) /H

0.6154
De0658

063253

03775

= 0.1283

"

66.8

= Ueb634]

1.8353

LA A L L -0 ¥ T



9¢
CATEGORY 11+ HIGH=ENEKRGY X RAY

INTERVAL 2¢ 30 = 100 MRfmM
PROCESSOR NAME

PROCESSOR CODE ~NO. ¢

TYPE OF DOSIMETER : FILM
NRS TECHNIQUE @ HFK

IRRADIATION DISTANCE ¢ 100 C™

THKA, IRRA. DEEP DOSE EWUlvVALENTs Cx=].260
DO IMETER DaTE RATE TImE EXPOSUKE DELIV. REPUKT .,

NUMRE R IRRADIATED (MR/MIN) (MIN) (H1R) (MHEM) (MREM) P=(H®=H) /H
24 2=21-79 20,44 lebS0 34454 “b, 6u, Ue3636
3R 2-21=79 FAUE 2225 45448 57. 7>, 0e3iTHh

7 2-21-79 20,44 3.395 69.39 a7, 110, 0.3333
191 3-23-79 20,46 3.190 65,27 ez, 1o, Ve2927
167 3-23-79 20,66 3.815 78405 Yu, lev, (e2245
16n 3-23-79 cl,406 1810 37.03 “7. 6V, 0.2766
160 3-23-79 2l,e6 1,230 25417 32. 5V, 05625
303 4=-25-79 21.30 2e440 5197 65, 10>, 0e6154
313 4=25-79 21,30 2.710 57.72 73. lof, (ee658
5 4-25-79 21,30 3100 66403 83, 11v, 0e3253

P AVEMNAGE = 03775

S = 0.1283

H AVERAGE = 6648
ARS (& AVEKAGE) * 25 = Ceb3a]
L= 1.8353

etostsenese® PAGS Sascscedee



CATEGORY 11+ HIGH=ENERGY x RAY

INTERVAL 3¢ 101 = 300 MeEM
PROCESSOW NAME

PROCESSOR CODE NOW ¢

TYPE OF DOSIMETER : FILM
NAS TECHNIQUE : MFG

IRRADIATION DISTANCE : 100 C™

IHRA, IRKAS SHaLL 0w DOSE EQUIVes CXx=1,.350
DOSIMFTER DaTE RATE Tlwmt EXAPOSURE DELIVe REPURT,

NUMRE & IRRADIATED (MK/MIN) (MIN) (MH) (MrEW) (MiREM) Pz (He=H)/H
39 2=20-79 62,55 1«R70 116497 158, 17v, 00759
23 2=20-79 62,55 1305 8le63 y10, 124, 0.,1000
56 2=20=79 62,55 24950 184452 Peb. 240, =0.,0040

190 3-21-79 65,60 3.0640 199,62 269, 250, A TLLLE
168 3-21-79 65,60 1520 9971 135, le>, Vel222
18n 3-21=79 65,60 le970 129.23 1744 197, vel322
147 3-21=79 65,60 24310 151454 208, 263, 0.2829%
213s 4=24-79 66,13 2.410 159437 215, 22°, 0.0665%
36 4=24-79 66,13 3.280 215491 293, 337, 0.150¢2
359 4=-26-79 66,13 le790 116437 100, 170, 00,0625

P AVEKAGE = 0.1020

$

00998

H AVERAGE

196.8
ARS (P AVERAGE) * 25 = 0.3015

L = l.0692

CEETS RS RS2 pASS Socsconsne




CATEGORY 11+ MIGH=ENERGY X wAY 98

INTERVAL 3¢ 101 = 300 MwEl
PROCFESSOR NAME

PROCESSOR CODE NO. :

TYPE OF DOSIMETER : FiLm
NRS TECHNIQUE @ WFG

IPRADIATION DISTANCE ¢ ,0" cwm

IkRA, IRka, OFFP DOSE EWUIVALENTs Cx=1,350
DOSIVETER DaTe RATE TIve EXPOSURE DELIV. REPURT,

NUMRE R IRRADIATED (MR/MIN) (MIN) (MR (MHE M) (MREM) Pz (reap) /H
39 2=20-79 62.35 1l.870 116497 158, 17v, 0.,0759
23 e=20-79 62,55 1305 Bleb63 116, 121, Vel0O0O
56 2=20=79 62,55 2.950 184452 249, 4o, =0,00640

190 3-21-79 65,60 3.040 199442 269, 250, =U,0483
168 3-21-79 65,60 1520 99.71 135, les, be2222
180 3-21-79 65,60 1+970  129.23 174, is7, Vel322
142 3-21-79 65,60 2310 15] 454 205, 263, 0.2829
335 4=26-79 66,13 2.4]0 159,37 21s, 22>, 0.0465
318 4=24-79 66,13  3.280 216,51 293, 337, 0.1502
359 4=24-79 66,13 1790 118437 100, 17v, 0.0625

P AVERAGE =  0.1020

S = 0.0998

H AVEMAGE

196,58
ARS (P AVERAGE) * 285 = 0.3018

L = l.0692

escetoscnee P‘SS LA AR AR R R TN



CATEGORY J1+ MIGH=ENEKGY 2 RAY 99

INTERVA; &4 301 « 104000 MwEM
PROCESSOR NAME

PROCESSUR CODE wNO. @

TYPE OF DOSIMETER : FILM
NRS TECHNIQUE : MFG

IORADIATION DISTANCE ¢ 100 Cw™

IRRA, IRRA, SwaLLOw DOSE EQUIVes CXx=],.280
alal I 4 2 DaTF RATE TIwmE EXPOSURE DELIVe. REPURT,

N!IMRE R IRRADIATED (Mr/MIN) (MIN) (MR (MKEM) (MM Pz (He=h) /H
e? 2=14=79 877,20 5.085 4460.56 5710, 640V, 0.1208
en 2=-13-79 105,20 3.110 327.17 “l9, eyu, 0.1695
57 2=14-79 877,20 2340 2052.65 ene7, 300v, 0el420

P 2-13-79 105,20 34490 367.15 470, 524, Oelley
150 3-21-79 860,30 0300 541985 6537, 7425, 0.0703
143 3-21-79 860,30 5930 5101458 6530, 690V, 0.0567
175 3=19-79 102,90 Seb85 584499 TaG, buV, -0.1455
N7 4=24-79 896,30 3690 3307.35 4233, 4095, =0.0320
13 4=24-79 73,27 3.R20 279.89 358, 40V, 0.1173
356 4~24-79 73,27 6670 48b,71 626, 595, -0,0695

P AVERAGE = 0.0564

S = U.1008

H AVERAGE

2865,9

ARS (= AVERAGE) * 2§ 0.2580¢

L = 0.5000

evscocrosenr® PASS esesscscee



CATEGORY I11e¢ MIGR-ENERGY X RAY 100

INTERVAL %9 301 = 104000 MuEm
PROCESSOR NAME :

PROCESSOR CODE NO. ¢

TYPF OF DOSIMETER : FILM
NRS TECHNIQUE & MFG

IRRADTIATION DISTANCE & 100 ™

1RRA, InRa, DFEP DOUSE EWULVALENTy Cx=],240
DO IMETER DATE HATE TIvg EXPFOSURE DELIVe REPUNT .

NUMRE R JIRRADIATED (MW/MIN) (MIN) (M) (MmE M) (MEwm) Ps(He=H)/H
e? 2-14-79 877,20 S«085 4646056 Sato, 6ls5v, 0.,1210
en 2=13-79 105,20 3¢110 327.17 6«02, 4By, Uel9en
57 2-14-79 877,20 2¢340 2052465 2525, 2%, UelenS

B 2-13-79 105,20 3.490 367.15 «52, 50¢, 01150
15¢ 3=21<79 B60,30 e300 5419.89y hebE, 7135, 040704
143 3-21-79 860,30 5930 5101.58 6275, 6580, Q0036
178 3-19-79 102,90 2e685 584.99 720 61>, =0el6SH
117 4=24-79 B95,30 3.690 3307.35 4N6R, 3v3e, ~0.0324
13 4=26-79  T3,27 34820 279.R9 4s, 38%, 0elle3
354 4=24-79 73,27 6e670 “B8B.71 601, 578, ~0.0683

P AVERAGE = 0.0583

S = 0.10.7

H AVENAGE 2753.9
ARS (P AVERAGE) * 25 = 0.2677

L = 0.5000

s*sptocscee® PACS OGssscccens



101
CATEGORY IIls LOW-ENEROGY X RAaY

INTERVAL 1+ 150 « 300 Migpm
PROCESSOR NAME

PeOCESSC” CODE NO. ¢

TYPE OF DOSIMETER : FILM
NRS TECHNIQUE : L=G

JRBRADIATION DISTANCE & 200 CM™

IRRA, IKRA, SHALLOwW DOSE equlves Cx=04810
DOSIMETER DaTe RATE Time EXPOSUINE DELTVe REPUNRT,

N IMBRER IRRADIATED (MH/MIN) (MIN) (M=) (MHF M) (Miktm) Pz (He=H) /H
4) 2=26-79 116,5¢ le890 2lbaeul 175, 190, 0.0857
58 2=26=79 114,50 2.920 334434 271, 340, Ue2841]

< 2=26-79 116,50 2.260 258.77 210, 2lv, 0.0

21 2=26=79 114,50 le780 20381 165, l18%, UellSe2
17+ 3-13-79 116,80 ebtl 3l0erY 252, c8e, 0.1270
189 3=13-79 116,80 24770 323.54 262, 34y, 0.2977
144 3-13-79 116,80 3.010 351.57 285, 315, 0e1053
353 4=28-79 116,00 2+510 29116 23e, 3dav, 0.3559
33R 4=28-79 116,00 1880 2l8.08 177, 20>, Ve.l582
325 4=28-79 116,00 1930 22348 181, 23V, 0.2707
P AVERAGE = 0.1800

S = O.ll46

H AVERAGE = 2214
ARS (P AVERAGE) * 25 = De4092
L = 1.008]

4000t esen® PAGS eeesvecens




CATEGORY JI11es LOW=ENEKROY X RAY

INTERVAL le 150 = 300 MugM
PROCESSOR NAME

PROCESSOR CODE NU.

TYPE OF DUSIMETER : FILM
NRS TECWNIQUE ¢ L=6

IRRADIATION DISTANCE ¢ 200 O™

IHRA, IKza, DFEP DOSE EQUIVALENTs Cx=0.250
DOe IMETER DaTE HATE TImte EAPOSURE DELIV. REPUKT .

NUMBER IRRADIATED (MR/MIN) (MIN) (M (MHE M) (MREM) Pz (Ho=H) /H
4) 2-26=79 116,50 1890 2l6.el 54, 5v, 00926
58 2=°6=T9 114,50 24920 334.36 Be, los, 0.2857

“ 2-26=79 114,50 24260 258477 65, 6>, 0.0

21 2-26-79 114,50 l1«780 03401 51, 55, Ue0T8B4
176 3~13=79 116,80 24660 310e89 78, 8o, del282
186 3=13=-79 ,16,80 2770 323.54 8l,. 105, Ue.2963
144 3-13-79 116,80 3.010  35]1.57 83, 97, 0.1023
353 4=28-79 116,00 2510 291.16 T3, lov, 0.3699
338 4=28-79 116,00 1880 218.08 58, 6>, 0.1818
325 4=26-79 116,00 1930 223.8H 56, 11, 0.2679
P AVERAGE = O.1803

S = 0.1190

H AVErRAGE 68.5

ARS (P AVERAGE) * 25 O.6184

L = l.8126

atscvopcns® PASS Seccoccene



103
CATEGORY IIls LOW=ENERGY X RRY

INTERVAL 2y 301 = 10,000 MrFm
PROCESSON NAME

PROCESSOR CODE NO.

TYPF OF DOSIMETER ! FILmM
NBS TECHNIGQUE : L=G

IRRADIATION DISTANCE & 200 cw™

1RKA, IRkG ., SHAlLLOW DOSE EQUIVes CXx=0,5]10
DOSIMETER DaTF RaTE Timt EXPOSIRE DELIV. REPUNT,

NUMRE R IRRADIATED (MH/MIN) (MIN) (MR) (MNF M) (Mipbwm) Pz(He=r) /H
L 2-26-79 286,40 184150 51968.16 4211, 2835, ~0s37068
59 2=26-79 286,40 37¢460 10728.56 8590, 750v, =Us1369
2R 2-25=719 286,40 2+980 853.47 ~51. 83v, Cs2012
1n 2=26=79 286,40 154920 4559,48 3693, 27s5u, ~042553

i 4 3-14-79 288,60 letbel 479,08 3818, 40>, O.0638
148 3-14-79 288,60 1le840 3417.03 27068, 270v, ~0.02686
157 3-14-79 288,60 leRRO 542,57 39, S2o, 0.1982
57 4=29-79 288,80 29.900 B635,12 65994, 697>, =0.0027
336 4=29-79 288,80 3.610 1042,57 Rad, 1377, Veb315
3ln 4=29-79 288,80 1770 51118 sle, 500, Ue2271

b AVERAGE = V.0555%

S = Ue2776

H AVEMAGE

2913.2

ABS (# AVERAGE) * 2§

Uab103

L = 0e5000

#Sopsoncne F‘IL LA AL LT TN



104
CATEGORY IIl1s LOw=ENERGY X WAY

INTERVAL 2+ 301 = 104000 MREM
PROCESSOR NAME :

PROCESSOR CODE WO, ¢

TYPE OF DOSIMETER : FILM
NRS TECWNIGQUE § L=G6

IRRADIATION CISTANCE : 200 Cwm

IRRA, IRRA, DFFP DOSE EWQUIVALENTs Cx=0,250
DO IMETER DaTe RaTE TIMmE EXPOSURE DELIV. REPURT,

NUMRE R IRRADIATED (MK/MIN) (MIN) (MK) (MHEM) (MpEwm) Pz (Hewn) /M
47 2-26-79 286,40 18.150 S5l9H,16 1300, 87>, ~0e3269
59 2=26-T79 286,40 37.4060 10728.54 2n82, 230y, “Uelbce
2R 2=26=-79 286,40 2e980 853.47 213, ezv, 0.0329
In 2=26-79 286,40 154920 455¢,4n 1140, 85u, =0s2540

177 3-14-79 288,60 lebs0 479,08 120, 125, 0.0617
145 3-14-79 288,60 11840 3417.03 854, 750, =0.1218
157 3=14-79 288,60 leRRO 5642.57 136, lec, Uel1912
357 6=29-79 288,80 29.900 8635.12 2159, 2lsv, ~0,0042
136 4=-29-79 288,80 3e610 10642457 261, 425, De6286
3lo 4=29-79 288,80 le770 51118 127, 1517, Ue220608

P AVE®AGE = 0.,0271

S = 0.2759

n AVERAGE 899.3

ARS (e AVERAGE) * 25 = 0.5788

L U.5002

atoptessnee FA]L LA AR LA LR L 2 J



NN IMETER
NUMBE R

43

12

29
166
18R
149
€02
503

S04

CATEGORY 1V,

INTERVAL 1o+

SOURCE : STWRONTUM=30

IRRADIATION DISTANCE

DaTE
IRRADIATED
2-18-79
2=18-79
2-18=-79
2~-18-79
3- 9-79
3= 9-79
3- 9=-79
5-10-79
5-10-79

5-10-79

BETA

150 = 300 MieM

IKRA .
RATE
(MKAD/M)
152,30
152,30
152,30
152,30
152,00
152,00
152,00
151,30
151.30

151.30

¢ 35 Cv

IkRA,
TImte

(MIN)
leB50
1.080
1.580
le780
1700
1290
1320
le670
le220

1900

105

DOSE
(MREM)
283,28
164,48
2404h3
271.09
258440
196408
C00eb4
252.67
184459

287.47

PROCESSOR NAME

PROCESSOR CODE NO.

TYPE OF DOSIMETER

FILm

sHalLLOw DOSE EQuUlVes CA20e9866
REPURT.
(Miowm)

DELIVe.

(MHEWM)
27,
159,
233,
262,
250
190,
194,
P44,
178,

278.

3av,
20/,
2ev,
30v,
271>,
219,
208,
275,

21>,

P AVERAGE

S

H AVERAGE

ARS (2 AVERAGE) +

2s

L

escscscones PAQS'

P=(Ho=H) /N

0.1679
03019
0.1159
0.1450
Cel000
0.1211
0.0722
0s1270
0.2079

0.1151

L T

= 0.00658

226.2

0.2790

= 0.9973



DOSIVETER
NUMRF R

44

13

3n
183
152
166
139
54
314
327

CATEGORY IV

INTERVAL 2

BETA

106

301 = 105000 MREM

SOURCE : STRONTIUM=%0

IRRADIATION DISTANCE : 35 Cw

IRRA, IRRA.

DATE ReTE  TImg

IRRADIATED ( .AD/M) (MIN)

2= 6=-79 152,30 46.800

2= 6=79 152,30 4890

2= 6-79 152,30 12.190

3-21-79 152,00 3710

3-21=79 152,00 17e660

3-21-79 152,00 6.740

3-21-79 152.00 9220

4=23-79 151,60 3.540

~ ®7.79 151,60 53.600

4=23-79 151,60 Seb690

DOSE
(MwEM)
Ti27.64
T44475
1856.54
563.92
2684432
10264,48
1401 046
53666
Bl25.76

862.60

PROCESSOR NAME :
PROCESSOR CODE NO.

TYPE OF DOSIMEIER

FiLm

SHALLOwW DOSE tQulvVes CX=0e9606

DELIV, REPURT.
(MwE ) (MREM)
CELEER 670V,
720, 85u,
1794, 257>,
545, 68V,

25Y6, 2560

SY0. 875,
1354, 160,
519, Tal,
7854, 8530,
R3s, °re,

P AVENAGE

S

H AVENAGE

ARS (P AVERAGE) * 2S

L

CEETE TR RS

FAIL

Pz (He=H)/H

~0.0274
0.18086
U.,4353
0e2677
Oelell
=U.1162
0e1817
Uee258
0.0868

0.1091

= 0e1725

00173“
= ?$0903

05193

05000



DOCIMETER
N IMEE P
75
b4
72
$?
208
199
205
374
368
363

CATEGORY Vs NEUTRON 107

INTERVAL 1+ 100 = 300 MwgEM
PROCESSOR NAME

PROCESSOR CODE NO. @

TYPE OF DOSIMETER : FILM
S0URLE : CALIFORNIUM=25?

IRRADIATION DISTANCE : SHOwn BELOw

NOTE : NELIVERED DOSE EQUIVALENT INCLUDES TWE
ROOM RETURN (SCATTER) CORRFCTION FACTOR
SHOWN BELOw

DOSE EQs IRRA4, IRRA,

DaTf RATE TIME DIST, SCaATTEw DELIV. REPOKRT,
IRRADIATED (MREM/MIN) (MIN) (Cm) CeFs (MREM) (MREM)
2-21=-79 T8.45 1336 50 1.015% 106. 150.
2=21=-79 T8.45 24543 50 1.015% 202 275,
2=21=-79 78,45 3,733 50 1.016 297, 358.
2=21=19 78,45 2+.383 S0 1.0158 190, 235,
3=-135=-79 77.33 24335 50 1.015 183, 142
3=13-79 77.33 3.600 50 1.015% 283. 350,
3-13-79 17.33 Jeb4s 50 1,018 270 290,
4=26-79 74,93 2223 50 1.015 169 436,
4=-26-79 74,93 1530 50 1.01% 116 310
4-726-79 T4.93 2.339 S0 1.01% 178. 356.

© AVERAGE

S

H AVERAGE

ABS (P AVERAGE) + 25

L

DEEP DOSE EGUIVALENT

Pz (H®aH) /1

VeslS]
De361l4
042054
Uel2368
-0 240
o342k
0e074]
1e579%6
Leb724

l1+0000

UeSbb4
06377

199.4
l.8417

10623

Soboeveta® [a1|  esccoeecpooe



CATEGORY Ve NEUTRON 108

INTERVAL 2+ 301 = 5,000 MREMm
PROCESSOR NAME :

PROCESSOR COLE NO. ¢

TYPE OF DOSIMETER @ FILM
SOURCE : CALIFORNIUM=Z25p2

IRRADIATION DISTANCE ! SHOWN BE(Ow
NOTE : DELIVEWED DOSE EWUIVALENT INCLUDE= TwE

ROOM RETURN (SCATTER) CORRECTION FACTOR
SHOWN BELOw

DOSE EGe IRRA, IRRa, DEtP DOSE EWUIVALENT
DOCIMETER DaTE RATE TIME DIST, SCeTTEW  DELIV.  REPOKT,

HUMRER IRRADIATED (MREM/MIN) (MIN) (Cwm) CoFe (MREM) (MeEM) Pz (H®=H) /H
To 2=25-79 78.22 49,660 50 1.015 3943, 5050, 0.2808
63 2-25-79 78,22 4 463 50 1.01% 353, 510 Usbbat
6% 2-25-79 T8.22 234550 50 1.015 1870« 2215 Oelbas
Ta 2-25-19 7T8.22 11,690 50 1,018 G28e 1240, 0e3362

207 3-15-79 7T7.22 S7.500 50 1,015 4507, 5020 Oell3s
19p 3-15=-79 T1.22 l0.320 50 1.018 ROG. 1000 02301
202 3-15-79 T7.22 39,500 50 1,015 3096, 3a80. Usl2e0
365 4-18-79 75.36 11,400 50 1.015% B72. 1065, Ve2213
169 4-18-79 75,36 32,000 50 1,018 2448, 3180, 02990
373 4=18.79 75,36 6.636 50 1,015 508 590 Uslble

© AVERAGE = 042402

S = Uel0ee

H AVERAGE

1933.4

ABS (P AVERAGE) + 25 Uetsb0

L = 05000

Soceeceep® PASS *30ce08Cane



109
CATEGORY VIes GAMMA COMPONENT PAGE 1 OF 3

OF GAMMA PLUS HIGH=ENERGY X Ray

INTERVAL 1+ S0 = 100 MREmM
PROCESSOR NAME :

PROCESSOR CODE NCo

TYPE OF DOSIMETER : FILM
SOURCE : COBALT=-60 IRNADIATOR

IRRADIATION DISTANCE & 200 Cwm

DELIVEREU DOSE EQUIVALENT

InkA. IRRA, SHALLOw DEEP
DOSIMETER DATE RATE TIME ExPOSUKE Cx=1.01 Cx=l,01
NUMRER IRRADIATED (MR /MIN) MIN) (M) (MREM) (MREM)
45 2=13-79 22.51 2.822 63,52 64. b4,
14 2=13-79 22.51 1053 23,71 24, C4.
18 2=13-79 22.51 2073 46,67 «7. “7,
173 3-14=-79 22.27 0ebu? 14,29 14, le,
151 3=l4=-79 22.27 2+308 Sl.41 52. 52.
187 3-14-79 22.27 0760 15,93 17. 17.
158 3=14~79 22.27 3.560 719,28 80. 80.
3Sn 4~ 1=79 22.13 0927 20,51 21 2l
332 4= 1=-79 22.13 1745 38,62 3v. 39.

302 4= 1=-79 22,13 0+.663 14,65 15. 15,



110
CATEGORY VIe X RAY COMPONENT PAGE 2 OF 3
OF GAMMA PLUS HIGH=ENERGY x kay

INTERVAL 19 S0 = 100 MHEM
PHOCESSOR NAME

PROCESSOR COLE NO. ¢

TYPE OF DOSIMETER : FILm
NRS TFCHNIQUE | HWFK

IRRADIATION DISTANCE : 100 CM™

DELIVERED DUSE EQUIVALENT

IRRA. 1RKRA, SHALLOW DEEP

DOSIMETER DATE RATE TIME EXPOSUKE Cx=1.26 Cx=l.206
NIIMBE R IRZADTATED (MR/MIN) (MIN) (Mi) (MHEM) (MKEM)
45 2=21=79 CNebb 0980 20,03 25. 2S5,
14 2=21=-79 2.4 24620 53,55 67, 67,
19 2=21=79 20,44 04730 14,92 19 19,
173 3-23=-79 20,46 1540 31.%91 40. “0.
151 3-23-79 2045 0780 15,96 20« 20
187 3-23-79 20,40 0.810 16,57 2l 2l
158 3-23-79 20,6eb 1040 2l.en 7. 27,
35n 4-25-79 2]1.30 Z+110 44 .94 57, T
332 4-25-79 21,30 0.670 la,27 18, 18,

302 4-25-79 21,30 1670 35,57 45. 45,



111
CATEGORY VIs TOTAL OF GaMMa PLUS x RAY PAGE 3 OF 3

INTERVAL 19 S0 = 100 MREM
PROCESSOR NAME :
PROCESSOR CODE NO. :

TYPE OF DOSIMETER : FILM

TOTAL SHALLOwW DOSE EQUIVALENT TOTAL DEFP DUSE EQUIVALENT
NOCTMETER DELIVERED REPORTED DELIVERED REPOKTED

NIMBRER (MREM) (MHREM) Pz (Ho=w) /M (MREM) (MREM) P=z=(He=H)/H
45 89, 125, 0,4065 89. 125. 0,4045
14 9l. 110, 0.2088 Gl 110. 0.2088
19 66, 90, 0.3638 66 90, 0.3636
173 54, o5, 0.2037 LY 65. 0,2037
151 72, 98, 0e3K11 72 98. 0e3011

1R7 38, 38, 0.0 38. 38. 0.0
L 107, 130. 0.2150 107. 130. 0.2150
3sn 76, 45, =0e423] 78. 4«5, =0,4231
332 57, 11s. 1.0175% 57 115. 1,0175
3n2 60, 80. 0.3333 60 B0 0.3333

P AVERAGE = 0,.2684 P AVERAGE = (,2684

S = 043596 S = 0.359¢

H AVEWRAGE = 71.2 H AVERAGE = 712

ABS (P AVERAGE) + 25

09872 ABS(P AYERAGL) ¢ 25 = (0,9872

L le?7777 L 1e7777

*etoeetoes PASS Paedectcces sovscnbene PaSS #cesccscssce



112
CATEGORY VIs GAMMA COMPONENT PAGE 1| OF 3

OF GAMMA P US HIOH=ENERGY x Way

INTERVAL 2+ 101 = 300 Muim
PROCESSOR NAME @

PROCESSOR CODE NO.

TYPE OF DOSIMETER : FILM
SOURCE : CORALT=K0 IRKRANIATOR

IRRADIATION DISTANCE ¢ 100 CM™

DELIVERED DOSE EQUIVALENT

IerA. IRRA, SHALLOw DEEP
DO IMETER DATE RATE TIME EXPOSURE Cx=1.01 Cx=l.01
NUMRBRER IRRADIATED (MR /MIN) (MIN) (M) (MREM) (MHEM)
Se 2-13-79 22.51 2+607 58,68 59, 59.
15 2-13-79 22.51 Se307 119,45 121, 121.
b 2~13-79 22.51 T.027 158,17 160, 160,
178 3-14-79 22.27 4690 106,45 105. 105,
186 3-14-79 e2a2? 3.395 75.861 T6. 76,
147 3=14-79 22.27 3.560 77,72 78, 78.
153 3=14-79 22.217 4o 7 107,27 108, 108,
31s 4~ 1=79 22.13 2+260 50,01 S5l Sle
324 4~ 1=79 22.13 4.028 89,15 90. Y0.

bt 4= 1=79 22.,13 2+522 55,80 56. S6.



CATEGORY VIs X RAY COMPONENT 113 PAGE 2 OF 3

OF GAMMA PLUS HIGH=ENERGY x Ray

INTERVAL 2+ 101 = 300 MiEM
PROCESSUR NAME :

PROCESSOR CODE NOo ¢

TYPE OF DOSIMETER : FlILM
NRS TECHNIQUE @ HFG

IRRADIAYION DISTANCE & 100 Cm™

DELIVERED DUSE EGQUIVALENT

IeRA. IRRA, SHALLOW DEEP

DOSIMETER DATE RATE TIME EXPOSUKE CXx=1.35 Cx=1.35
NUMRER IRRADIATED (MR /MIN) (MIN) (M=) (MREM) (MREM)
54 2=2n=79 62.55 1780 111,34 150. 150.
15 2=2n=19 62.55 0950 59,42 80, 80.
46 2=2n=79 62.55 .e185 Ta,12 100. 100,
178 3-21-79 65,60 Oe6n0 31,49 43, “3,
186 3-21-79 65,60 24210 144,98 196. 196,
147 3-21=79 65,60 0.420 27,5% 37. 37,
153 3=-21=79 65,60 Oe4x0 31,49 43. 43,
315 4-24=79 66,13 le400 92,58 125, 125,
324 4=24=79 66,13 0e410 27.11 37. 3T

ELY) 4-24-79 66,13 1590 105,15 142, le2,



114
CATEGORY VIs TOTAL OF Gamma PLUS x Ray PaGE 3 OF 3

INTERVAL 2y 101 = 300 MirEM
PROCESSON NAME @
PROCESSOR COLE NO. @

TYPE OF DOSIMETER : FILM

TOTAL SHALLOW DOSE EQUIVALENT TOTAL DEFP DOSE EQUIVALENT
NOSTMETER DELTVERED REPUKRTED DELIVERED REPORTED

NIMRER (MREM) (MREM) Pz (H®eH) /K (MREM) (MREM) Pz (H®=H) /H
54 209, 194, -0,0718 209. 194. -0,0718
15 201, 153, -0.2368 201+ 153, ~0.2388
4k 260, 16z, =0.3769 260 162, ~0.3769
178 148, 81, 0,457 148 8le -0,4527
186 218, 529, 049449 272 529. 09449
1647 115, 170, 0.4783 115. 170, 0.4783
163 181, 235, 0.5563 151 235, 0.5563
315 176, 185, 0,0511 176 185. 2.0511
324 127, 81, ~0.3622 127. Ble -0.3622
346 198, 195, =0.0152 198, 195. -0,0152

P AVERAGE = 10,0513 P AVERAGE = 04,0513

S = 0.6652 S = 0.6652

H AVERAGE = 1R5.7 H AVERAGE = 18547

ABS (P AVERAGE) + 25 = 10,9817 ABS(P AVERAGE) « 25 = 0.,9817

L= 1l.1007 L = l.lo07

Soeonedses PASS Saetsstoece sctsgeeesss Fp Qg esscssscces



115
CATEGORY V1. GAMMA COMPONENT PaGE 1 OF 3

OF GAMMA PLUS HIGH=ENERGY x Hay

INTERVAL 3¢ 301 = 104000 MREM
PROCESSOR NAME

PROCESSUR CODE NO. :

TYPE OF DOSIMETER : FILM
SOURCE : CORALT=60 IRRADIATOR

IRPADIATION DISTANCE * 100 CMm

DELIVERED DOSE EQUIVALENT

IoRA. 1RKA4, SHALLOW DEEP

DOSIMETER DATE RATE TIME EXPOSUKE Cr=1.01 Cx=l.01
NUMRF B IR®ADIATED (MR 7MIN) (MIN) (M) (MREM) (MHREM)
S0 2= 6=79 89,37 14625 145,23 147 147.
16 2- 6=-79 89,37 56.450 5044,93 5095 5095,
1R 2- £=79 89,37 14545 138,0% 139, 139,
32 2= 6=19 89,37 52450 46BT 45 4734, 4734,
15% 3=13-79 88,25 4.220 372,41 376. 376,
179 3-13-79 88,25 6040 33,03 538. 538,
148 3-13-79 88.25 2+977 262,69 265, 265,
10 vOID b 2=79 87.65 19650 1722,32 1740, 1740,
49 vOID 4 2-79 87,65 1232 107,95 109. 109,

24 VOID 4= 1=-79 87.68 46183 40+9,35 4050, 4090,



116
CATEGORY VIs X RAY COMPONENT PAGE 2 OF 3

OF GAMMA P US HIGH=ENERGY X KAaY

INTERVAL 3y 301 « 104000 MREM
PROCESSOR NAME @

PROCESSOR CODE NO. @

TYPE OF DOSIMETER : FILM
NRS TECHNIQUE : MFG

IRRADIATION DISTANCE : 100 C™m

DELIVERED DUSE EQUIVALENT

IorA. 1RRA, SHALLOwW DEEP

DOSIMETER DATE RATE TIME EXRPOSUKE Cx=l.28 Cx=l.23
NIUIMRE R IRRADIATED (MR /MIN) (MIN) (M) (MKEM) (MkEM)
So eé=13-79 105,20 2¢695 283,51 363. 349,
16 2=14=79 B77.20 1785 1565,80 2004 1926,
18 2=-13-79 105,20 24420 254 ,5K 326. 313,
32 2=14=79 877.20 1550 1359,.64 17«0, 1672,
15% 3-19~-79 102.90 1130 116,28 leve. 143,
179 3-21=-79 860,30 1230 1058,17 1354, 1302,
148 3-19-79 102,90 S5.015 516,04 661 635,
1o vOID 424773 896,30 3.820 3423,87 4383, 421l
49 yOID  4-24-79 73.27 24780 203,69 26l 251,

24 vOID 4-24~-79 896,30 1+405 1259,.30 l6l2. 1545,



117
CATEGORY VIs TOTAL OF GaMMA PLUS x Ray PAGE 3 OF 3

INTERVAL 39 301 = 104000 MREM
PROCESSOR NAME
PROCESSOR CODE NOe :

TYPE OF DOSIMETER : FILM

TOTaL SHALLOw DOSE EQUIVALENT TOTAL DEEP DOSE EQUIVALENT
NOSIMETER DELTIVER.D REPOKRTED DFLIVERED REPOKTED

NUMKE R (MREM) (MKEM) Pz (H®=n) /M (MREM) (MHEM) Pz (He®=H) /K
&0 510, 500, -0,0196 496, «B5. -0,0222
16 7099. 8000, 0.1269 7021 7900 0,1252
18 465, 371. -0.,2022 452 357. =0.2i02
a2 baTe, Tléo, 0.102¢% 6406 7100, 0.1083
158% 5295, 4la, =0,203% 519. 418, =0.1948
179 1892, le72, =0.,2220 1440 lal15. =0,2310
148 926, 705, -0,2387 900 675, =042500
10 volb 6123, Oe =1.0000 5951 0. =1.0000
49 Vn1D 370, 0. =1.0000 360 0. =-1.,0000
24 VOID 5702, Oe =1.0000 5639 Qe -1.0000

P AVERAGE = =0.0938 P AVERAGE = =0,0963

S = 0.1603 S = 0.1637

H AVERAGE = 2585,9 H AVERAGE = 2519.1

ABS (P AVERAGE) + 25 Oeslés ABS(P AVERAGL) « 25 = (,4238

L = 0.5000 L = 045000

Sa00eeep0es PASS Ssetsafocne setsec0eee PAGS escccscsced




1
CATEGORY VIIs GAMMA COMPONENT : PAGE 1 OF 3
OF BETA PLUS GAMMa

INTERVAL 1y 200 = 300 MigEM
PROCESSOR NAME :

PROCESSUR CODE NO. ¢

TYPE OF DOSIMETER : FILM
SOURCE : COBALT=60 IRRANDIATOR

IRRADIATION DISTANCE : 100 Cm

DELIVERED DUSE EQUIVALENT

IeRA. IRRA, SHALLUW DEEP
DOSIMETER DATE RATE TIME EXPOSURE Cx=1.01 Cx=1l,01
NUIMARF R IRRADTATED (MR/MIN) (MIN) (M) (MHEM) (MREM)
3N - 6-79 89,37 0813 72.61 73. 73.
17 2= £=79 89,37 1920 171,59 173, 173,
4R 2= 6~=19 89,37 0e692 6l.81 62 62.
181 3-10=79 88,35 2257 199,348 201 20l1.
150 3-10=-79 88,35 04828 73,18 Tés Ta.
165 3-10-79 88,35 2155 190,39 192 192.
146 3=1n=79 B8.35 24030 179,35 181 18],
37 4« 1=-79 87,65 0703 61,65 6l 62,
309 4~ 1=-79 87,65 0822 72,02 73, 13,

32n 4= 1=79 87,65 2+110 184,94 187, 187,



119
CATEGORY VIIs BETA COMPONENT PaGE 2 OF 3

OF BETA PLUS GaMM:z

INTERVAL 1o 200 = 300 MweEM
PROCESSOR NAME :

PROCESSOR CODE nNO.

TYPE OF DOSIMETER : FILM
SOURCFE : STRONTIUM=30

IRRADIATION DISTANCE : 35 Cwm

DELIVERED DUSE EQUIVALENT

Iera. [&~A, SHALLOw DEEP

DOSIMETER DATE RATE TIME aBS. DOSE Cr=,9065 CX=0.,00

NIIMRE P IRRADIATED (MRAD/MIN) (MIN) (MaD) (MHEM) (MREM)
3 C=26-179 152.30 1180 179, 7} 174, 0.
17 e=26=79 152.30 0et20 63,97 62. Oe
“ 2=26~79 152,30 1010 153,862 149, Oe
18] 3-13-79 152.0"7 0530 80,56 78 O
15n 3-13-79 152.00 l1«2n0 182,40 176. Oe
165 3-13=-79 152,00 0510 17,52 75 Oe
1Ak 3-13-7% 152.00 0.470 71,64 69, Oe
347 4-16=-79 15]1.60 1,030 156,15 151, 0.
309 4=-16=79 151.60 1.120 169,79 164, 0.

32n 4-16=-79 151.60 0e4350 Te, 2k T72. Oe



120
CATEGORY VIIs TOTAL OF BETA PLUS GAmma PAGE 3 OF 3

INTERVAL 1y 200 = 300 MirEM
PROCESSOR NAME
PROCESSOR CODE NO. @

TYPE OF DOSIMETEWR : FILM

TOTAL SHALLOw DOSE EGQUIVALENT TOTAL DtFP DOSE EQUIVALENT
NOSIMETER DELIVERED REPOURTED NDELIVERED REPORTED
NIIMEER (MREM) (MREM) Ps(He®=n)/n (MWEM) (MHEM) P=(He=H) /N
3 267, 282, O,1017 73 92 0.2603
17 235, 240, 0.0213 173, 2404 0.3873
«R 211, 241, 0.1622 62 B4 0.3548
181 279, 3lc. 0.1111 201 210, 0,06448
150 250, 263, 0.,0520 Tas T0. “0,054]
165 267, arz. 0.3933 192 197 040200
146 250, 350, 044000 181 230, 0.2707
347 213, 250, 0.1737 62 80 0.2903 ‘
09 237, 21s, 0.1603 73. 95. 0.3014 1
320 259, 365, 044093 187, 150, 0.0160 ‘
\
P AVERAGE = 042005 P AVERAGE = 0.1898 ;
S = 0s1460 S = (.1626 |
H AVERAGE = Cab B H AVERAGE = 1278 |

ABS (P AVERAGE) < 2S 0.6925 ARS(P AVERAGEL) ¢ 25 = (.5]4Y

09587 L 143269

L

“essse®ose PASS ®sesscdsese soocessase PAGS eescosssese



121

HAMMA COMPONENT
OF BETA PLUS GAMMa

CATEGORY VI,

INTERVA; 2+ 301 = 104000 MREM

SOURCE : CORALT=60 IRNADIATOR
IRRADIATION DISTANCE ¢ 100 C™
1RRA. IRKA,
DOSIMETER DATE RaTE T IME
NiMBE R IRRADIATED (MR /MIN) (MIN)
47 2= 6=79 89,37 17.267
2n 2= 6£=79 89,37 1.658
49 2= 6=795 89,37 155K8
185 3-13-79 88,25 3.137
184 3-13-79 88,25 18800
164 3-13-79 88.25 6.770
344 4- 1-79 87,65 164555
358 4~ 1=79 87.65 1.673
312 4= 1=79 87,65 11177
333 4= 1=79 87,65 2.838

PAGE 1 OF 3

PROCESSOR NAME
PROCESSOR COVE NOo @

TYPE OF DOSIMETER : FILM

DELIVEKED DUSE EWUIVALENT

SHALLOW DEEP
EXPOSURE Cx=1.01 Cx=1.01
(M=) (MeEM) (MKEM)
153,12 1559. 1559,
148,21 150. 150.
1393,13 1407, 1407,
276,81 280. 280,
1659,10 1676. 1676,
597,45 6503 603,
1451,0¢ l4bb. 1466,
146,67 148, 148,
979,63 989, 986,
248,78 251. 251,



2
CATEGORY VIIs BETA COMPONENT 122 PAGE 2 OF 3

OF BETA PLUS GAMMA

INTERVAL 2+ 301 « 10,000 MREM
PRUCESSOR NAME

PROCESSOR CODE wNO. ¢

TYPE OF DOSIMETER : FILM
SOURCE : STRONTIUMe3D

IRRADIATION DISTANCE : 35 Cm

DELIVERED DOSE EQUIVALENT

IorA. 1RHA, SHALLOw DEEP

DOSIMETER DATE RATE TIME ABS. DOSE CA=z=,.9665 Cx=0,00

NUMRER IRRADIATED (MRAD/MIN) (MIN) (M540) (MREM) (MREM)
A7 2=24=T9 152,30 254530 3RRK, 22 3758, Oa
én 2=24=79 152,30 2eb40 371.61 359. O
L] 2=24=759 152,30 34630 552,85 S34. 0.
185 3~14-79 157,00 0750 116,00 110, Oe
184 3-14-79 152.00 27770 422],04 4080, O
166 3-14=79 152.00 1580 240,16 232. Ue
ELTY ba 2-79 151,67 3.880 588,21 569. Oe
358 4= 2-79 151.60 2+510 380,52 368, Oe
312 4= 2-79 15]1.60 164660 25%25,66 244l O,

133 4= 279 151.60 0.680 103,09 100. 0o



123

CATEGORY VIle TOTAL OF RETA PLUS GAMMa PAGE 3 OF 3

INTERVAL 2¢ 301 = 104000 MREMm

NOCSIMETER

NI MRER
a7
20
LC
175
1R&
164
e
358
N2

333

PROCESSQOR NAME @
PROCESSOR CODE NO,. @

TYPE OF DOSIMETER : FILM

TOTAL SHALLOw DOSE EQUIVALENT TOTAL DEFP DOSE EWQUIVALENT
DELIVEKED REPOKTED DELIVERED REPORTED

(MKEM) (MREM) Pz (He=H) /M (MREM) (MKEM) Pz (He=H)/H
5317, 3270. =043R”50 1559 2220, 0.4240
509. 53¢, 0,0613 150 258, 0.7200
1941, 1900, -0,0211 1407 1700, 0.2082
350, 425, 0,0974 280 318, 0.1357
5756, 3350, =0.4180 1676 2000 0.1933
835, 680, =0,1856 603, 680, 0.1277
2035, 1980, -0,0270 labbe 1700. 0.1596
516, 595. 0.153] 148, 165, Cella9
3430, 2300 =0.329¢ 989, 1300. 0.3145
351, s 0.1823 251, 295. 0.1753

P AVERAGE = =0,0892 P AVERAGE = (0,2573

S = 042269 S = 0.1885

H AVEWRAGE = 2108,.0 H AVERAGE = 852.9

ABS (P AVERAGE) ¢ 25 = (04539] AHS(P AVERAGE) « 2S5 = (46343

L = 05000 L = 0.,5138

tewevePose FAl Gso0ecevsosd covesbesss FaTl esssoesvecec
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CATEGORY VITIs GAMMA COMPONENT
OF NFUTRON PLUS GAwma

INTERVAL 1s 150 = 300 MeeM
PHOCESSOR NAME

PROCESSOR CODE NO. @
TYPE OF DOSIMETER : FILM
SOURCE : COBALT«-60 IRRADIATOWR

IRRADIATION DISTANCE ! 100 Cwm

NOTE : DELIVERED DOSE EGUIVALENT INCLUDES & GAMMA=RAY

CONTRIBUTION FROw THE CF-252 SOUKCE EGuaL TO
7.033 PERCENT OF THE NEUTRON DOSE EGUIVALENT

DELIVERED DOSE EGQUIVALENT

IoRA. TR~a, SHALLOw

NOSIMFTER DATE RATE TIME EXPOSUKE Cx=1.01
NIMEE @ IR~ADTIATED (MR /MIN) (MIN) (M) (MKEM)
66 2= 6=79 89,37 0+708 63,30 75.
68 vnlD 2= 6=19 89,37 14370 122,44 124.
7 2= £=79 89,37 0922 82,37 98,
209 3-10-79 88,35 1.8R7 166,69 173.
204 3=-10-79 88,35 0.718 63,46 75.
197 3-10-79 88,35 10332 117.65 122,
200 3-10=-79 88,35 0.882 77,90 G2
375 4=10=-79 87,37 1.577 137,75 143,
37 4=]1n=79 87,37 0e612 53,44 64,
362 4=-in=79 87.37 1+985 173,43 160.

PAGE 1 OF 3

DEEP
cx=1,01
(MREM)
75,
124,
Y8,
173,
75.
i22.
92.
143,
b4,

180.
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CATEGORY VIIIes NEUTRCON COMPONENT
OF NEUTRON PLUS GAmMa

INTERVAL 1v 150 = 300 MwEm
PROCESSOR NAME @

PROCESSOR CODE NO. :

TYPE OF DOSIMETER : FILM
SOURCE : CALIFORNIUM=25?

IRRADTIATION DISTANCF ! SHOWN BE|Ow
NOTE : DELIVERED DOSE EQUIVALENT INCLUDES THE

ROOM RETURN (SCAT . Ew) CORRECTION FACTOR
cHOWN HELOw

DOSE EQ. [IRRA. IRRA, DELIVERED DOS
DOSIMETER DaTE RATE TIME DIST, SCATTER SHALLOW

NIIMRBE R IRRADIATED (MREM/MIN) (MIN) (Cwm) CefFe (MKEM) (
66 2=23-79 78.34 2.000 S0 1.015 159.
6R v0ID 0= 0= 0 0.0 0.0 0 1.01% 0.
L4 2-25-79 78.22 2.613 50 1.015 207,
209 3-22-79 19.25% 3.482 100 1,060 Tle
204 3-22-79 T6.83 24070 S0 1,015 161.
197 3-22-79 19.25 2.443 100 1,060 50,
201 3-22-79 76.83 2+536 50 1,018 198,
37s 4=26-79 18,73 2.930 100 1.060 58,
a7 4=26-79 74,93 1.810 S0 1.015 138,
362 4-26-79 18,73 3.739 100 1,060 Té.

PAGE 2 OF 3

E EQUIVALENT
DEEP
MREM)
159.
0.
207,
Tl
161,
50,
198,
S8.
138,

7‘.
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CATEGORY VIIIs NEUTRON PLUS GAMMA PAGE 3 OF 3

INTERVAL 1e 150 = 300 MREM

PROCESSOR NAME @
PROCESSOR CODE NO. :

TYPE OF DOSIMETER : FILM

TOTAL DEEP DOSE EGUIVALENT

DOSIMETER DELIVERED REPORTED

NUMHER (MREM) (MREM) Pz (H#%aM) /H
66 234, 300, 0.2821

68 vOID 124, O ~l1.,0000

71 305, 349, 0.1443
209 244, 255, 0,0451
204 236, 344, 0.4576
197 172, 225 0.308]
201 290, 385. 0.3276
3715 201, 210, 0e06an
371 202, 284, 0.4059
362 254, 263, 0.035¢
P AVERAGE = 00,2279

S = 0,1639

H AVERAGE

237,06

ABS (P AVERAGE) + 25

0.55%6

L = 0,9732

setpnttseses PASS escpesstoad



DOSIMETEFR
NUMBE R
67
73
65
200
2n2
206
210
164
372

367

127
CATEGORY VIIIs GAMMA COMPONENT
OF NFUTRON PLUS GAmwma

INTERVAT 2+ 301 = 5,000 MREM
PROCESSOR NAME

PROCESSOR CODE wU. @
TYPE OF DOSIMETFR : FILM
SOURCE : CORALT=60 IRRADIATOR

IRRADIATION DISTANCE : 100 CM

NOTE : DELIVERFD DOSE EQUIVALENT INCLUDES A GAMMA=RAY
CONTRIBUTION FROM THE CF=252 SOURCE EGQUAL TO
7.033 PERCENT OF THE NEUTRON DOSE EGUIVALENT

DELIVERED DOSE

IoRa. IRRA, SHALLOwW

DATE RATE TIME EXPOSUKE Cx=],01
IRRADIATED (MR /MIN) (MIN) (M) (MREM)
2- B8-79 89,31 15.092 1347,64 1589,
2= B=79 86,31 2+5]2 224,32 266.
2= B=79 89,31 27550 2460 449 2554,
3-12=-79 88,28 7.138 630,17 654,
3-12-79 88.28 124955 113,67 1360.
3-12-79 88,¢8 lelne 97,26 114.
3-12-79 88,28 124325 1088,05 1294,
4= G=T79 87,40 3.403 297,45 309,
4~ Q-79 87.40 13.173 115],35 1213.
4= 9-79 87,40 2+707 236,56 284,

PAGE 1 OF 3

EQUIVALENT
JEEP
Cx=1.01
(MKEM)
1565,
2ot
2554,
654,
1360,
1la,
1294,
309,
1213,

c8es,



DOSIMETER
NIUIMRE R

67
73
69
200
202
206
2lo
364
ar2

367

CATEGORY VITIs NEUTRON COMPONENT
OF NFUTRON PLUS GAwmwma

INTERVAL 2«

301 « 5,000 MREM

SOURCE : CALIFORNIUM=252

IRRADIATION DISTANCE

NOTE : DELIVERED DOSE EQUIVALENT INCLUDES TwE

ROOM RETURN
SHOWN BELOW

CaTE

IRRADIATED (MREM/MIN)

2-24-79
2=24-79
2=24=-79
3-27-79
3=-27=-79
3-27-79
3=27=-79
4~16-79
4=19-79

4=19-79

SHOWN BELOw

(SCATTER)
DOSE EQ. 1kKA,
RATE TIME
(MIN)
To.28 41,380
78,28 T.150
Te.28 12,550
Te.56 3.320
T6.56 37,980
T6.56 25910
76.56 36,150
75,36 1.601
75,36 9,485
75.36 B, 485

CORRECTION FACTOUR

IRKkA,

DIST.

(Cwm)
50
50
50
50
50
50
50
50
50
50

128

PHOCESSCR

NAME :

PROCESSOR CODE NO.

PAGE 2 OF 3

TYPE OF DOSIMETER : FILM

SCeTTER
CefFe

1,015

1.015

DELIVERED DOSE EQUIVALEN]

SHALLOW
(MREM)
3288.

S568.
997,
256.
2951.
226.
280G,
122.
726.

645,

DEEP
(MREM)
3288.

568,

997,

258,
2951.

226.
2809,

122,

726,

649,
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CATEGORY VIIIs NEUTRON PLUS GAMMA PAGE 3 OF 3

INTERVAL 2+ 301 = 5,000 MREM

PROCESSOR NAME :
PROCESSOR CODE NO. @

TYPF OF DOSIMETER : FILM

TOTAL DEEP DOSF EQUIVALENT

DOSIMETER DELIVERED REPORTED
NUMBER (MREM) (MREM) P=(H®aH) /H
67 «877, 3186, -U,3467
73 834, 970 00,1631
69 3551, 4210 0.1856
200 9le, 990 0.0855
202 4311, 4465, 0.0357
208 340, 475. 03971
2lo 103, 4460, 0.,0870
364 431, 469. 0408R?2
372 1939, 2180 0.1247
367 933, 1035, 0,1003
P AVERAGE = 10,0929

S = 0.,1838

H AVERAGE = 2223.1
ABS (P AVERAGE) + 2S = 0,4604
L= 0,5000

satpeetsecs PACS essvoncses
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SUMMaAKY OF RESULTS essvoavoose

PROCESSOR NAME

PROCESSOK CODE NU. @

TYPE OF

CATEGORY
CATEGORY
CATEGORY
CATEGORY
CATEGORY
rATEGORY
CATES0RY

CATEGORY

Il
Il
Ive
Ve
VI
VIl

VIII

DUSIMETER : FILM

GAMMA

HIGH=ENERGY X KAY

LOW=ENERGY x RaY

BETA

NEUTRON

GAMMA PLUS HIGH=ENEKRGY X RAY
GaMMAa PLUS RETA

GAMMA PLUS NEUTRON

‘e

FAIL
FAlL
FalL
FAIL
Fall
PASS
FAIL

PASS
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Appendix D

Proposed Stqndard: Draft American National
Standard Criteria for Testing Personnel Dosimetry
Performance, July, 1978.

Permission to use this copyrighted material was granted by:
Margarete Ehrlick, Chairman of the Working Group, Edward Vallario,
Chairman of the Health Physics Society Standards Committee,
and Mary Vaca, Staff member, American National Standards Institute.
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N13.11

Orall American Nationa! Standan
Criteria for Tesling
rsonnel Gosimetry Performance

IFRIAL USE AND COMMENT

Publication of this draft standard for trial use and comment has been ap
proved by the Health Physics Society Standards Committee. The trial use
eri shall not continue beyond 12 months from the date of publicau
It is expectea that following this 1 2-month period, the draft, revised as

necessary, will be submitted to the Amencan National Standards Institute
ipproval as an American National Standard. Suggestions for revisior

should t firected 1o Edward J. Vallari Chairman, Health Physics Societ
Standards Committee, U.S. Department of Energy, Division of Operationa

and Environmental Safety, Mail Station E201, Washington, D.C. 20545

Secretariat: Health Physics Society

Published July 1978

american national standards institute, inc
1430 broadway, new york, new york 10018
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An American National Standard implies a consensus of those substantially concerned with its
scope and provisions. An American National Standard is intended as a guide to aid the manu-
facturer, the consumer, and the general public. The existence of an American National Stan-
dard does not in any respect preclude anyone, whether he has approved the standard or not,
from manufacturing, marketing, purchasing, or using products, processes, or procedures not
conforming (- the standard. American National Standards are subject to periodic review and
users are cautioned to obtain the latest editions.

CAUTION NOTICE: This American National Standard may be revised or withdrawn at any
time. The procedures of the American National Standards Institute require that action be
taken to reaffirm, revise, or withdraw this standard no later than five years from the date
of publication. Purchasers of American National Standards may receive current information
on all standards by calling or writing the Amencan National Standards Institute.

Published by

American National Standards Institute
1430 Broadway, New York, New York 10018

Copyright © 1978 by American National Standards Institute, Inc
All rights reserved.

No part of this publication may be reproduced in any form,
in an electronic retrieval system or otherwise, withou®
the prior written permission of the publ “er.

Printed in the United States of An. rica

PIM778425
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 This | oreword is not a part of Draft American National Standard Critenia for Testing Personnel Dosimetry
Performance, N13.11)

This Draft American National Standard provides a procedure for testing the performance of the
suppliers of dosimetry services for personnel potentially exposed to jonizing radiation. The
initial thrust for work on this draft standard came from the Conference of Radiation Control
Program Directors, which, in 1973, constituted a task force with state and federal participa-
tion, for the purpose of implementing the Conference’s recommendation to establish a con-
tinuing testing program of personnel-dosimetry performance throughout the United States,
under the supervision of an impartial federal agency, such as the National bureau of Stan-
dards, Subsequently, after studying the feasibility of using existing testing standards as the
basis for this proposed testing service, *he task force decided that a new standard was required
and approached the Health Physics Society Standards Commuttee, which. in August 1976, as
signed the task of writing such a document to a work group constituted for this purpose. The
present draft standard, formerly known as N716, was developed in cooperation with such
groups as users, commercial and in-house supphers of personnel-dosimetry scrvices, ana regu-
latory agencies. Furthermore, comments received as a result of a public meeting of all interested
parties were taken into account.

The testing criteria specified in this deft standard are based in part on acceptable limits of in-
accuracy recommended by the National Counail on Radisuon Protection and Measurements
and the Intemational Commission on Radiation Units and Measurements, and in part on the
results of a baseline study carried out in 1974 by Battelle-Northwest. This baseline study was
designed 1o establish the accuracy limitations imposed by the current state of the art of person-
nel dosimetry

Thus droft standard is published for the imited peniod of one year, for the purpose of encourag:
ing tnal use and comments. Comments should be sent to

Edward J. Vallanio, Chatrman

Health Physics Society Standards Commattee

LS, Department of Energy

Division of Operational and Environmental Safety
Mail Station E201

Washington, D.C. 20545

This dratt stzadard was prepared under the direction of the Health Physics Society Standards
Commttee, which had the tollowing members

Fdward J. Vallanio, Chairmian Loseph G Bellian
Vernon T. Chilson
Fric 1. Gewger
Richard V. Guiffith
Roy A, Parker
Loute M. Scott
loha b, Sommers
A N, Tschaeche
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The Working Group responsible for the development of this draft standard had the following
members

Ma;garete Ehrlich, Chairman Vernon 1. Chilson
(National Bureau of Standards) (Hlorida Power and Light Company)

Ene T, Clarke

(Technical Operations, Inc)
Roger B, Falk

(Rockwell Atomics International)
Erc L, Geiger

tEberline Instrument Corporation)
Lowell Nichols

(Battelle-Northwest Laboratories)
Harvey V. Piltingsrud

(Bureau of Radiological Health, I DA)
Phillip Plato

(University of Michigan School of Put tic Health)
Bernard Weiss

(Nuclear Regulatory Commission)

The Committee is grateful to the Literary Executor of the late Sir Ronald A. Fisher. F R.S.. 10
Dr Frank Yates, F RS and to Longman Group Ltd, London, for permission to reprint Table 111

from their book Sratistical Tables for Biological, Agricultural and Medical B csearch (61h ed. 1974 )
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2.7 Processor. Supplier of personnel dosimetry ser-
vices. These services include

(1) Fumishing dosimeters to the user

(2) Evaluating the reading of the dosimeters after
their return in terms of the dose equivalent index
(shallow or deep, or both) as prescribed in this stan-
dard

(3) Recording the results

(4) Reporting them to the user

2.8 Test. Procedure with the following sequence

(1) Submission of dosimeters of a processor’s cur-
rent stock to a testing laboratory, in numbers sufficient
for the specified irradiations in all radiation categones
covered by a processor's service

(2) Irradiation of the dosimeters by personnel of the
testing leboratory in all radiation caiegornies covered by
a processor’s service, using the type(s) of radiation
specified for each of these radiation categories (see 3.2)

(3) Evaluation by the processor of the response of
the returned dosimeters in terms of dose equivalent
index lor tests of protection monitoring, or in terms of
absorbed dose index for tests of accident monitoring,
as specified in 4.2.1

(4) Submission of these evaluations to the testing
laboratory

(5) Analysis of the submitted evaluations by the
testing laboratory

(6) Reporting the results of this analysis (also re-
ferred to as “test results™) to the processor

2.9 Testing Laboratory. A group independent of the
processor’s operation that is carrying out the pro-
cedures outlined in this standard.

2.10 Radiation Category. Each type and energy range
of radiation {or of a radiation mixture) tor which sep-
arate tests are performed.

2.11 Interval of Dose Equivalent (or Absorbed Dose)
Index. Range of dose equivalent (0r absorbed dose)
indices in a given category and for a given type of radi-
ation, for which performance criteria are applied sep-
arately.

2.12 Performance Index (7). For tests of protection

dusimetry, the performance index for the ith dosimeter
1s de fined as

P, = l\'”l"i 1”]',-'/(”])1'

where (£/;); is the dose equivalent index, assigned by
the testing laboratory to the irradiated dosimeter, and
(H,"); the corresponding dose equivalent index re-
ported by the processor.

For tests of accident dosimetry the same definition
applies, with the absorbed dose index, D, replacing the
dose equivalent index, /.

2.13 Bias (B). The bias of the values of the performance

DRALT AMIRICAN NATIONAL STANDARD N13.11 ‘
index, Py, is (

B?P?(llmfl’i
i1

wl..re the sum is extended over all n values of P; for a
particular test in a given radiation category, interval of
i equivalent indices, and phantom depth.

2.14 Standard Deviation (S). The standard deviation
of the values of the performance index, £, is:

where the sum is extended over all n values of P, for a
particular test in a given radiation category, interval of
dose equivalent indices. and phantom depth.

2.15 Consistency of Performance. Unitormity of work
quality of a processor over extended periods of time.
(See also Section D3 of Appendix D.)

3. Test Procedure

3.1 Administrative Procedure

3 1.1 Information to Be Supplied to the Testing
Laboratory. The processor shall certify that the dosi-
meters submitted for each test are representative of
those supplied routinely to his users.

3.1.2 Number of Test Dosiraeters. For every test,
the number of dosimeters to be irradiated in a given
radiation category shall be 10 for each of the applicable
intervals specified in 4.1.2, or a total of 30 per test and
category. At least one additional dosimeter that is not
to be irradiated (a shipping control) shall be included |
with each dosimeter shipment.

3.1.3 Test Schedule. Each test shall extend over a
period ranging from three to six months. The test dosi-
meters shall be submitted in at least thiee separate
groups per radiation category. Each group shall be re-
tumed to the processor within one month from receipt,
and within two weeks after the start of irradiations of
dosimeters in the group. (See also Section D3 of Ap-
pendix D.)

3.1.4 Dissemination of Test Results. All test results
on dosimeters supplied by a given processor shall be re-
ported to that processor at the completion of each test.
An estimate for the uncertainty of the assigned values
of the dose equivalent (or absorbed dose) index shall
be included in the report.

3.2 Radiation Categeries and Test Ranges. The radia-
tion categories in which i2sts shall be performed and
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Table 1
Radiation Categories, Test Ranges, and Tolerance Levels

Test Range Tolerance Level, I (Note 1)
Protection Accident
Radiation (rem) (rad) Shallow Deep
I Photons, 300 keV < £ < 3 MeV 0031010 10 to 800 no test protection :
(Note 2) 03ar6/(Hp"
accident: 0.3
" Photons, 30 keV < E < 300 keV 0031010 10 to 800 protection \ protection:
(Notes 2 and 3) 0.5 or 1 S/(Hp - 0.5 or 15/iHp™
M sccident: no test accident: 0.3
m Photons, 15 keV < £ < 30 keV 0.15 to 10 no test 0.5 or 15/(Hp" 0.5 or 15/(Hp"
(Notes 2and 4) {Note §)
] v Beta particles 0.15 w0 10 no test 0.5 or lSi(;Ip"" 1o test
v Fast neutrons 01010 § no test no test 0.5 or 15/(Hp"™
Vi Photon mixtures 0.05to 10 no test 0.5 or 15/tHp™ 0.5 or 15/(H "
tany combination of categories
I and 1) (Note §)
vi Mixtures, photons, and beta o 0,20 to 10 no test 0.5 or lSI«lI,"" 0.5 or |5/4H,)"‘
particles
(combination of category |
or H, and category 1V)
(Note §)
Vil Mixtures, photons, ar st 0D15to§ no test no test 0.5 or 15/(Hp"
neutrons
fcombinations of categories |
and V) (Note 6)
NOTES:
(1) See also * 1.1, 4.2.1. and Appendix C. When two limits are given, the larger one applies. Hyis in mrem in the protection range.
(2) See Section Al of Appendix A for explanation of the symbol, £.
(3) For narrow bremsstrahlung spectra, NBS calibration techniques specifying heavily filtered X rays are applicable. For broad
bremsstrahlung spectra, NBS calibration techniques specifying lightly or moderately filtered X rays generated st > 60 kVop are ap-
plicable. [5]
(4) For bremsstrahlung spectra, NBS calibration techniques specifying X rays generated at < 30 kVep are applicable [S)
(5) Control on range based on shallow dose equivalent index.
(6) Contro) “n range based on deep dose equivalent index.
the test ranges are given in Table | and are further exception of those irradiated for tests of accident dosi-
| discussed in Appendix A. Fach processor shall be tested metry. In categories 11 and 111, at least two different
i the radiation categories covered by his service. If radiation spectra skall be used per test and category,
tests in the mixed radiation categories, VI, VII, or but not more than one per interval.
| VI, are performed, tests shall be performed also in
the categories of the individual types of radiation 3.3 Radiation Sources
| components. For photon irradiations, the radiation 3.3.1 The following radiation sources shall be avail-
; category and the radiation energy within the category able in the testing laboratory
| in which test irradiations are administered shall not e (1) At least one gamma-ray source (*9Co or ' 37(s).
r divulged to the processor for a test of protection dosi- The source may be used either in a beam-type irradia-
. metry until after the test has been cc:apleted. The tor equipped with a collimator or free in air. ‘
| photon sources and energies used for tests of accident (2) At least one X-ray machine operable in the range |
. dosimetry shall be identified for the processor at the betweer. about 20 and 300 kV constant potential. |
_ time the irradiated dosimeters are returned to him for Among the accessories shall be beam filters of composi-
' evaluation. The individual dosimeters receiving radia- tions and thicknesses appropriate to produce contin-

|
tion from a particular source (or sources) in a particu- uous X-ray spectra using the techniques specified by \
lar radiation category shall not be identified, with the the National Bureau of Standards [S]. An attachment |

l
|
! 6
l
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for the production of K-fluorescence X rays may be of
advantage.

(3) A sealed ?2S1/??Y beta-particle source equipped
with a 100-mg/cm? filter of low atomic number.

(4) A 232Cf fast neutron soutce approximating an
isolated point fission source.

3.3.2 The calibration of all radiation sources and
dosimetry instruments shall be carried out either at the
National Bureau of Standards or with instruments or
sources calibrated at the National Bureau of tandards
for use in the calibration of other instrument . or
sources. Calibration of all neutron sources shall be car-
ried out at the National Bureau of Standards, and the
recalibration schedule shall be based upon recom-
mendations by the National Bureau of Standards. Sug-
gested procedures for the use of calibrated instruments
and sources for determining test irradiation levels are
given in Appendix B.

3.4 Irradiation Conditions. The test dosimeters shall
be irradiated under ambient laboratory conditions on a
phantom at perpendicular radiation incidence. The
total scatter contribution from the walls, ceiling, and
floor of the irradiation room shall amount to not more
than 5% of the assigned dose equivalent index. See Sec-
tion C 3 of Appendix € for recommendations on phan-
tom construction and on minimal interference between
simultaneously irradiated dosimeters.

3.5 Selection of Irradiation Levels. In each interval

of each category, the irradiation levels shall be chosen
at random. In categories involving irradiations simulat-
ing those in mixed radiation fields, the total assigned
dose equivalent index and the component ratios shall
be selected at random. In categories VII and VIII, the
assigned dose equivalent index of the larger component
shall not be greater than three times that of the smaller
component. (See also Section A3 of Appendix A.)

3.6 Assignment of Dose Equivalent Index Values. The
testing laboratory shall assign to each dosimeter values
for the shallow or deep dose equivalent index (Hy), or
for both. The uncertainty in the se values shall not ex-
ceed 57%.

3.6.1 For photons, values for the shallow and the
deep dose equivalent index shall be assigned in the fol-
lowing way:

(1) When the photon source is calibrated in terms of
exposure free in air (X, ) and the personnel dosimeters
are irradiated with phantom backing

Hy=cx “,xlir

(2) When the photon source is calibrated in terms of
exposure in the presence of a phantom (Xp, ), and the

DRAFT AMERICAN NATIONAL STANDARD N13.11

Table 2
Conversion Factors for Computing the

CxaremR !
Photon Fnergy e AN

(MeV) Deep Shallow X py oM R!
0018 0.16 079 08K
002 045 (.87 087
0.03 094 1.07 0.87
0n.04 1.18 1.25 088
0.05 1.28 1.32 0.90
0.0% 1.38 1.38 .94
010 1.37 1.37 0.95
0.20 1.27 1.27 097
0.30 118 1.18 0.97
0.40 114 1.14 (.98
0.50 1.09 1.09 [I) )
060 107 1.07 097
067 1.08 1.08 097
0 80 103 1.03 097
1.0 1.0l 1.01 097
1.5 101 1.01 097
20 1.01 1.01 (.98

30 1.01 1.01 098

personnel dosimeters are irradiated with phantom
backing,

Hy = ‘.-rphxl’“

When the photon spectra can be adequately charac-
terized by average energy (see Section Al of Appendix
A), or are sufficiently well known, the values forey .
and ¢y . shall be taken from Table 2. When the
spectral chiaacterization is in terms of ha!®-value layers,
conversion methods described elsewhere may be used [6].
For average photon energies above 0.05 MeV, Xy
shall be determined only at a depth of 1 em, while for
lower average photon energies it shall be determined
both at depths of 0.007 ¢cm and 1 ¢cm in the phantom.
3.6.2 For beta particles from a source cahibrated in
terms of absorbed dose in phantom, values for the
shallow dose equivalent index shall be assigned as

Hy =Dy

where Dy is the absorbed dose in the phantom at a
depth of 0.007 ¢m.

3.6.3 For fast neutrons from a source calibrated
in terms of fluence. @. free in air, values for the deep
dose equivalent index shall be assigned as

,,[ = (‘°¢

where the dose equivalent per unit fluence, ¢,. shall
be taken as 3.4 X 10~ % rem cm? for 2523Ct 7).
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3.7 Consistency of Performance. The testing labora
tory shall provide in each report to the processor in-
formation on the consistercy of his performance. (See
Section D3 of Appendix D.)

3% Study of Angular Dependence of Response. | or

each dosimeter design submitted for test by a proces-
sor, 4 study of the angular dependence of the response
in the presence of a phantom shall be carried out by
the testing laboratory with each type of radiation in
the categories for which dosimeter performance is
tested. Procedures for such a study are suggested in
Section D6 of Appendix D.

4. Characterizing the Performance

4.1 Performance Criterion. Performance in a given
category shall be considered adequate if. in ali applic-
able intervals and for the applicable phantom depths,

Bl+2S< ] 4.1)

wiiere B and § designate, respectively, the bias and
standard deviation of the performance index. and £ is
the tolerance level. (See also Section DI of Appen
dix D)

4.1.1 The value of L in the inequality (4.1) shali be

(11 0.3 or 6/(H;)", whichever is larger, for tests of
protection dosimetry in radiation category |

(2)0.5 or 15/(H,)", whichever is larger, for all
other tests of protection dosimetry

(33 0.3 for all tests of acaident dosimetry
where /; is the average value of the dose equivalent
index in mrem chosen in the applicable interval (1),
(2), 0r(3)of 4.1.2 for a particular test in a given rad-
iation category. (See also 3.5.)

4.1.2 The values for § and 8 shall be obtained from
values of the performarnce index in the following in-
tervals:

(1) Hy < 100 mrem (where applicable )

(2) 100 mrem < H; < 300 mrem

(3 H; > 300 mrem

(4) 10 rad < D; < 800 rad
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4.2 Performance Evaluation. A processor's performance
shall be evaluated by determining conformance with in-
equality (4.1) (see Table 1)

(1) In categories 1. 11, VI, and VI for estimates of
the shallow and the deep dose equivalent index

(2) In category IV only for estimates of the shallow
dose equivalent index

(3) In categonies I, V_ and VI only for estimates of
the deep dose equivaent index
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Wm (These Appendixes are not & part of Draft American National Standard Criteria for Testing Personnel Dosic
metry Performance. N13.11, but are included for information purposes only )

Appendix A
Radiatic n Categones and Test Irradiations

Al Types of Radiation Incladed in Table |

Listed in this table are the categories ol radizei =
likely t5 contnibute significantly to the dose equivalent
received by radiation workers in the United States,
with the omission of intermediate energy neutrons, for
which calibration beams are not generaily available
Also omitted from the table is a category for thermal
neutrons, since thermal neutrons contribute a relative-
ly small portion to the total dose equivalent received
by radiation workers in most situations involving
potential thermal neutron irradiation [Al1] 4

In Table 1, symbol £ stands for the weighicd average
energy of the photons emitted from the source used
tor the test i adiations:

’m.n 'm..n
ff olMé'dE/‘/‘ HEVdE

0 0

where gt ) is the fluence of the photons with energies
between £ and £ + dE. For the purpose of specitying
the radiation category for a particular photon beam

of narrow spectral width, £ is an adequate approxima-
tion 1o the “effective energy” of the beam. Effective
energy may be defined as the energy of a monoenergenic
photon beam associated with the total (good geometry)
attenuation coefficient obtained from the attenuation
curve of the photon beam in question in a suitable
absorber (for example. Al or Cu), extrapolated to zero
absorber thickness. Neither the concept of weighted
average energy nor the concept of effective energy
provides a good description of beam quality for wide,
multipeaked bremsstrahlung spectra. Therefore, in
Table 1, the applicable NBS techniques. specified in
terms of first and second half-value layers, are listed in
footnotes to categories 11 and 11

A2 Test Ranges

The test ranges specified in Table 1 represent a com-
promise between considerations based on the princi-

I Bracketed numbers refer to corresponding histings given in
Section A6, References to Appendin A

ples of personnel dosimetry for radiation protection
recommended by the NCRP [A2], and techmcal limi-
tations imposed by currently enployed personnel
dosimetry systems. The NCRP recommends personnel
dosimetry when the annual maximum dose equivalent
is likely to exceed one-fourth of the recommended an-
pual limit, One-fourth of the annual limit is not ex-
ceeded when all individual dosimeter readings for bi-
weekly or longer monitoring periods are below the
lower limits of the test ranges specified in Table 1.
One-fourth of the annual limit could be exceeded for
weekly moenitoring periods; however, weekly monitor-
ing periods are not used normally except when higa
dose equivalents or excessive fading of dosimeter re-
sponse are expected. Tests of accident momtoring are
presently specified only for photons in the energy
range from 30 keV to 3 MeV. Tests of dosimetry as-
sociated with criticality accidents [A3] are not in-
cluded in this standard.

Consideration was given as to whether it was de-
sitable to extend the test ranges to lower dose equiva-
lent index levels, in view of the NCRP recommenda-
tion to limit the dose equivalent from occupational
exposure to the embryo-fetus of the expectant mother
to 0.5 rem during the entire gestation period [A4].

A dose equivalent index of 30 mrem. which is the
lower test limit for penetrating photons in Table |
(categories | and 1), is adequate for measuring a pro-
spective value of 0.5 rem with quarterly or longer
monitoring periods, but not with shorter monitoring
periods. Nevertheless, it was decided not to lower the
test limits because the limitations in the present state
of personnel monitoring technique would result in an
unacceptably large error at dose equivalent index
levels below 30 mrem.

A3 Random Selection of Irradiation Levels
and Composition of Mixtures

A number of different methods may be used for selec-
ting random irradiation levels with equal probability
within any one of the test intervals given in 4.1.2.
One suitable method would be to select random num-

9
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bers, p. beiween 0 and | from a random number table
[AS] . and represent the dose equivalent index, #;, as

Hy=(Hpg ¢ pl(Hp,  (Hp)y)

where (Hy)y and (#1)),, are the lower and upper limits,
respectively, of the test interval in question. If this
method is chosen, it 1s recommended that. in the inter-
vai H; = 300 mrem, the formula be applied separately
to seleci five values of #, above 1000 mrem and, in or-
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der to ensure adequate coverage of this important region.

five berween 300 .ad 1000 mrem.

Restrict.ag the ratio of the dose equivalent indices
of the «wo radiation components in category VIII to
vaaues not larger than 3:1 is motivated mainly by con-
siderations of technical limitations. This restriction is
reasonable in the light of the recommendation of the
International Commission on Radiological Protection
(ICRP) to use personnel dosime ry for neutrons “only
if the likely neutron dose equivalent is a substantial
portion of the gamma dose equivalent, say more than
about a third™ |A6]. For the sake of simplicity, the
same ratio was adopted for category VII.

A4, lrradiation Geometry

Consideration was given to whether test irradiations
should be carried out in the presence or absence of a
phantom. If test irradiations were performed with the
dosimeters suspended free in air while, in actual use,
they are carried on the human body, a correction
would have to be applied to the value (or values) of the
dose equivalent index (or absorbed dose index ) assigned
to each dosimeter, equal to the quotient of dosimeter
response with and without phantom backing. This
quantity would have to be measured by the testing
laboratory for each type of dosimeter submitted and
for each type and energy of the test radiation used.

It was decided instead to require that test irradia-

tions be made with the dosimeters backed by a phan-
tom. No such restrictions are made regarding the
presence or absence of a phantom during calibration.
(See also Section B2 of Appendix B.)

10

AS. Blind Testing

Blind testing is recognized as a valuable ec. ~ique tor
determining the capability of a dosimetry serv. 2 ina
realistic manner. However, there are some inherent

hiculties in providing test dosimeters without the
knowledge of the processor, particularly in the case of
in-house dosimetry operations. It is suggested that,
where feasible, some blind testing be conducted, and a
final decision on whether ¢r not (o make blind testing
an integral part of the compulsory testing program be
deferred until sufficient results from blind tests have
been accumuated to determine if there exist significant
differences between the performance on open and
blind tests.

A6. References to Appendix A
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of the 1975 International Personnel Monitoring Survey .
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teria. Washington, D.C .. National Council on Radiation
Protection and Measurements: 1971 ; Report No. 39,
paragraph 219.

[A3] American National Standard Dosimetry tor Criti-
cality Accidents, ANSINI3.3-1969. Available from
American National Standards Institute, 1430 2road-
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[A4] Basic Radiation Protection Criteria. Washington,
D.C.: National Council on Radiation Protection and
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Glencoe, l1L.: Free Press Publishers: 1952,

[A6] General Principles of Monitoring for Radiation
Protection of Workers. International Commission on
Radiological Protection. Elmsford, N.Y . Pergamon
Press; 1969 Publication 12; paragraph 82.
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Appendix €

Interpretation of the Response of Personnel Monitoring Dosimeters

Cl. Use of the Dose Equivalent Index (or
Absorbed Dose Index)

Recommendations have been made for the maximum
permissible levels of occupational exposure to ionizing
radiation for the skin and the extremities, for the lens
of the eye, and for the gonads and deep-seated organs
[C1].* A direct determination of dose equivalent for
each of these organs is usually impossible [C2], or at
least impractical. In this standard. the values of the
shallow or deep dose equivalent index, or both (or ab-
sorbed dose index) are used to quantify the irradiation
of each test dosimeter. Although the depth at which
the maximum dose equivalent (or maximum absor sed
dose) s attained varies with radiation energy, using
depths of 0.007 cm and 1.0 cm to approximate the
modified index quantities is justified for the test irradi-
ations and test conditions specified in this standard for
the following reasons:

(1) For beta paiticles from the specified *°81/*0Y
source and ior photons of energies below 0.05 MeV, the
maximum dose equivalent isattamned close to the surface
of the body. Therefore. the shallow dose equivalent index
isessentially equal to the dose equivalent to the skin.

(2) For photons of energies between 0.05 and
3 MeV._ and for neutrons from the specified 5S2Cf
source (for which less than 2% of the neutrons are be-
low 0.1 MeV and less than 2% above 7 MeV [C3]), the
maximum dose equivalent for the majority of the in-
cident photons or neutrons is attained in the vicinity of
1.0 cm in the body. Therefore, the deep dose equivalent

index, asarule, overestimates the dose equivalent to deep-

seated organs and never underestimates significantly the
dose equivalent at a depth of 1 cm in tissue [C4].

C2. Assignment of Values of the Dose
Equivalent Index for Photons

The factors ex,, indey ph o1 computing the shallow
and deep dose equivalent indices are listed in Table 2
as a function of photon energy. They were obtained in
the following way

(Dyey - Absorbed dose per unit exposure deter-

. ph -
mined in the presence of a phantom [C5].

* Bracketed numbers refer to corresponding listings in Section
C4, References to Appendix €

'ﬁ

-

2exyy,

ta) Above 0.10 MeV and between 0.04 and 0.10
MeV for computing the shallow dose equivalent index
obtained as the product of ¢ ¥ph and the back scatter
factor [CS].

(b) Below 0.04 MeV both for computing the
shallow and the deep dose equivalent index  computed
by the Health Physics Division of the Oak Ridge Na-
tional Laboratory for the anterior trunk of the modi-
fied MiRD phantom [C6], irradiated by a broad paral-
lel beam incident on the phantom’s anterior [C7].

(¢) Between 0.04 and 0.10 MeV, for computing
the deep dose equivalent index: estimated - “th the aid
of the Oak Ridge data and available depth dose data
for bremsstrahlung [C8], for a depth of | cm in water.

C3. Phantom Construction

1t is recommended that the phantom be constructed of
a matenial simulating soft tissue in composition [C9)
sutficiently to result in dosimeter readings deviating
from those in soft tissue by less than 5% for irradia-
tions in all categories. Slabs of this phantom material
of dimensions 30 ¢m X 30 cm by a thickness of 15 ¢m
may be used. In the case of beta particle or low energy
photon irradiations, the slab thickness may be reduced
to about twice the range of the most energetic electrons
incident upon (or created within) the slab. If several
dosimeters are to be irradiated simultaneously, it is
recommended thai precautions be taken to keep the
mutual interference to less than 5% of the dosimeter
response.

C4. References to Appendix €

[C1] See, for example, Review of the Current State of
Radiation Protection Philosophy. Washington, D.C.
National Council on Radiation Protection and Measure-
ments; 1975 Report No. 43; Appendixes A and B.

[C2] Conceptual Basis for the Determination of Dose
Equivalent. Washington, D.C.: International Commis-
sion on Radiation Units and Measurements; 1976 Re-
port No. 25

[C3] Grundl, J. A.; Spiegel, V_; Eisenhauer, C. M_; and
others. A Californium-252 Fission Spectrum Irradiation
Facility for Neutron Reaction Rate Measurements.



Nuclear Technology 32 2151977 supplemented by
Grundl, J. A private commutmicaticn

[C4) Protection aganst Neutron Radiation. Washing
ton, D € National Council on Radiation Protection
and Measurements; 1971, Report No. 3% Figs. 10
through 20.

1CS] Data for Protection agmnst lonizing Radiation
trom bxternal Sources: Supplement to ICRP Pubhics-
tion 15 Intemational Commission on Radological
Protechion. Elmstord, NY. Pergamon Press. 1969,
Pubhcation 21 Table  and Fig. 9

[C6] Snyder, W. S Ford, MR Wamer. GG Wat
son, S, B A Tabulation of Dose Equivalent per Micro
cunie-Day tor Source and Target Organs of an Adult
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Performance Criternion and Performance Evaluation

D1 Dependence of Percormance Index on Dose

I quivalent Level

Ihe uncertamty of dosimeter readings usually increases
at dose levels close to the tower Tunit of a dosimeter’s
usetul tange Previous tests have shown D17 that. for
phiagographic dosimeters, the ratio of the standard
deviations of the performance mdex at the 30-mrem
and the 300anrem levels may ve as ek as 2.5 tor
radiations with Ra gammia tays. and as much as 2.0 for
wradiations with tast neutrons. Similar results have
been obtmned tor photon irradistions of thermo-
fuminescence dosimeters. Theretore, it was decided o
dwide the dese equivalent ranges for testing in cach
category into several mtervals, and to carry out all tests
separatery for cach mterval

D2 Significance of Testing over an Extended
Penod

1118 the purpose of performance testing to gam -
formation on the quality of a processor's total work
output during a given time period. Inasmuch as the
sample frons which this information s to be gathered

S R keted numbers reter to corres omding. Bstings i Section
D7, Reterences to Appendis B

for Various Radionuclides. Oak Ridge, Tenn . Oak
Ridge National Laboratory . 1974, ORNL-5000.

[C7] Poston, 3 . Wamer, G. C.. unpublished datz. See
also Jones, T, D Auxier, J. A Snvder, W. S Warmer,
G G Dose to Standard Reference Man from External
Sources of Monoenergetic Photons. Health Physies 24
241.1973,

[C8] Cohen, M. Jones, D E. A Greene, D, eds. Cen-
tral Axis Depth Dose Data for Use in Radiotherapy.
British Journal of Radiology, Sapplement No. 11
London Brtish Instiitute of Radiology . 1972,

[€9] Report of the Task Group on Reference Man
International Commusion on Radiological Protection
Elmsford, N.Y - Pergamon Press; 1975 Report No. 23

is of necessity relatively small. it is important that
fluctuations m a supplier’s process be reflect  'n the
test data to the largest extent possible. For this reason,
procedures are adopted for evaluating dosimeter per-
formance on a protracted basis throughout each test
period. Also, to achieve an equitable distnbution of
dose equivalent index (or absorbed dose ndex) levels,
it 1s stipulated that these fevels be chosen at random

in each interval,

A further aid for increasing the amount of imforma
tion gained on a processor’s performance is 1o compare
present and past test results. This may be done by
checking for trends in the quantities of bias and stan
dard deviation from a series of successive tests. either
by examining plots of these quantities or by comparing
them by statistical means (see Section D3 of Appendix
DY Consistency provides some degree of ensurance
that the performance test results are indicative ot a
processor’s total work output

Testing for consistency 18 of necessity hmited to
categories | through V. Categontes VI through VI are
not readily amenable to consistency testing because the
difference in the evaluation process for different types
of radiation makes it difficult 1o devise a fair test pro-
cedure. This standacd requires that consistency evalua
tions be performed on e data for each complete test
series in categories | through V and that a processor be
provided with the results of this evaluation. When a

13
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Table DI

F Values, 0.1 Probability Level*
3 B s 3 ? - 9 1 i? 15 0 N 30 40 50 120 o

1 40533 $0003 54043 $625¢ 57641 S859: 59292 9813 60232 8056t 81072 LIRL T 62091 6238y 6261¢ 62687¢ 6313s 634001 63661
2 PIRS 9990 999 2 9992 999 1 9993 999 4 9994 999 4 9994 9994 999 4 9994 999 5 999 % 999 ¢ 999 5 999 5 999 5
3 1670 1485 1411 1371 1346 1328 1316 1306 1299 1292 1283 1274 1264 12¢9 1254 1250 1248 1240 1235
4 7414 61.2% $6.18 344 1. 7% 50.53 49 66 49.00 4847 4805 4741 3676 3610 an ERE R 4509 44 7% 4440 4408
s 4718 312 3320 31.09 29,73 1884 2816 2764 2124 2092 2642 59 2539 2514 M8 24 60 433 406 3.7
6 355 27.00 23.70 21.92 20081 2003 1936 1903 1569 184] 1799 17.56 1712 1689 1667 1644 1621 1599 1578
7 2928 21.69 1877 17.19 1621 1552 1502 1463 1433 14.08 137 13.32 1293 1273 1253 1233 1212 e 1170
5 2542 1849 1583 1439 1349 1286 12.40 1204 1" 1154 119 10,84 1048 10,30 1911 292 973 953 "N
9y 1286 16.39 1390 1256 1mnn 113 10.70 1037 10 989 9.57 24 K90 872 LB L& 815 800 78
19 21 04 14.9) 1255 11.28 10.48 992 9.52 9.20 596 875 845 811 7 %0 164 147 730 742 694 6.7%
1 1969 13.81 11.56 10.38 958 908 R66 838 12 792 763 7.32 7.01 6,85 668 6.52 638 617 500
12 1864 1297 10.80 963 B89 838 800 7 T4R .29 700 671 640 6.25 509 £93 $.7% 559 542
13 17.81 1231 1021 907 B35 7.86 749 1.21 698 6 R0 6.53 6.23 593 7R 563 s4° $.30 S14 97
14 17.14 11.78 973 862 .92 743 7.08 6 80 6,58 640 6.13 588 5.56 541 5.28 s10 49 47 460
15 16.59 1134 934 825 7.8 1.09 674 647 626 08 581 S84 35 510 495 480 464 447 41
0] 16.12 10.97 900 794 1.7 681 646 619 598 S %1 § 5§ £ 499 4 %% 470 454 4139 423 406
17 1572 10.66 873 768 702 656 6.22 £96 578 5 5% 532 $.05 478 463 448 433 418 402 188
18 15.38 10.39 845 746 6.81 635 6.02 578 5.56 539 513 4w 459 445 430 415 am 154 367
19 15.08 10.16 828 .26 662 618 S.8S 5.59 539 522 497 47 443 49 414 199 184 6% 351
20 1482 995 810 7.10 646 602 S 69 44 5.4 SOR 482 456 429 415 100 386 3% 344 138
U 14.59 977 794 695 6.32 SHR 556 5.31 s 498 470 441 417 401 188 374 ERL 142 3%
2 1438 961 780 &8 619 576 S44 19 499 453 458 4.33 4086 . - 1% 163 148 132 1S
23 1419 947 .67 669 608 565 £33 5.09 459 473 44N 423 196 182 168 383 138 32 ins
Pl 14.03 94 7.58 639 598 555 $.23 a9 480 464 434 414 187 374 359 345 19 114 292
2 1388 LN 745 649 © 8K 546 §1s 491 47 456 3 406 39 166 3.82 337 322 16 289
26 13.74 912 7.36 641 5.80 £38 .07 RS 463 448 42 399 in §59 134 330 308 299 282
n 13.61 902 17 613 £73 531 §00 47 457 141 417 192 366 382 138 I3 108 192 .78
28 13.50 893 219 6.28 5.66 §24 a9 469 450 4135 411 386 360 146 3.5 38 32 286 269
29 13.39 8.85 702 6.19 559 S8 487 464 445 a9 408 180 354 141 117 i 297 281 264
30 1329 817 7.08 612 553 S 482 458 439 4 4.00 3.78 149 336 322 307 192 27 259
40 1261 82§ 6.60 570 513 4.73 444 421 s02 3.87 364 340 318 im b2 3 273 2§7 241 123
60 1.9 7.7 617 5.31 478 437 409 187 169 354 331 108 282 269 258 24 238 208 189
120 1138 .32 579 4.95 442 404 n 358 338 3.4 io2 278 153 240 226 241 195 1.% 1.54
- 10.83 6.91 542 462 4.10 374 347 in 10 296 274 281 127 213 199 184 1.66 145 1.00

B T s

B il = Y

=

*From Pearson, E. S.: Poatley, H. O., eds. Biometrika Tables for Staristicians. Vol 1. Cambnidge: University Press, 1.156.p 163.

tn. Number of £ aues used to obtain current value of §
N Total nu- . cer of P values used to obtain o

TMultir’, these entries by 100.

Al
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trend or other sign of lack of consistency is noticed in
a process /s test parameters for successive tests, it is
important that the reasons for such behavior be deter-
niined, since lack of consistency may foreshadow
future faillure of performance tests.

D3. Statistical Procedure for Evaluating
Consistency

Following is an acceptable statistical procedure for check-
ing for inconsistency in the results of successive tests:

The test data for a given category and dose equiva-
lent interval are considered 1o be consistent with
previous data if the test parameters, S and B, meet
the tollowing two conditions:

S<VHFn LN 1.0000)a (D3.1)

where S 15 the standard deviation obtained from n
dostmeiers for the current test. o is the standard de-
viation obtained from V dosimeters for all past suc-
cessive tests that weie consistent, and F is obtained
trom the 0.001-level of the F distnibution. Pertinent
values of F are given in Table DI

B - BI<ty g0y 0V (nt N)nN (D3.2)

where B is the bias obtained tfrom n dosimeters for the
current test, B is the bias obtained trom N dosimeters
for all past successive tests that were consistent, and ¢
1s the value of the r-statistic for the degrees of freedom
in 0.” exceeded with probability 0.001. Applicable
vaiues of £ are shown in Table D2. If inequality (D3.1)
15 not tulfilled, the validity of inequality (D3.2) need
not be determined.

D4. Choice of Tolerance Level, L

The values chosen for the tolerance limit represent a
compromise between the recommendations of inter-
national authorities in the field of radiation protec-
tion and radiation measurements, and the limitations
dictated by available measurement techniques. In
ICRU Report No. 20 [D2], a 30¢% limit is recom-
mended for the uncertainty in the maximum dose
equivalent in the vicinity of the maximum permissible
levels, while an uncertainty of as much as a factor of
three is considered acceptable for maximum dose
equivalents smaller by an order of magnitude. In ICRP
Report No. 12 [D3], on the other hand. a limit of 507
1s recommended in the vicinity of maximum permissible

* Total number of observations minus the number of constants
(for example, averages) fitted to the data.
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levels under field conditions, when errors caused by
unknown irradiation geometry or ambient conditions
are taken into account. In this standard, a fixed ir-
radiation geometry and laboratory ambient condi-
tions are specified for the test irradiations. Because of
limitations in measurement technique, the tolerance
limit is set at 0.5 (50%) in the vicinity of maximum
permissible levels or above, except for accident dosi-
metry and protection dosimetry of high energy pho-
tons, where it is set at 0.3 (307%). At lower levels, the
tolerance limit is relaxed on a graded scale.

D5, Sources of Uncertainty Not ! luded in
the Performance Evaluation

This standard does not include provisions for testing a
supplier’s performance under the various possible con-
ditions of practical use of the personnel dosimeters.
Among the common sources of uncertainty not in-
cluded are

(1) Depewnce of response vi ainbient temperature,
including storage tei..~eratures before, during, and after
irradiations, up to the time ~f nrocessing or readout.

(2) Dependence of response on ambient humidity,
including storage humidity, before. during, and after
irradiation, up to the time of processing or readout

(3) Time intervals between dosimeter issue. irradia-
tion, and processing or readout

Table D2
Distribution of r*
Degrees of Probability Degrees of Probability

Freedom 0,001 Freedom 0.001
1 636.62 15 392
2 1160 19 38K
3 12.92 20 3.85
R} B.61 2l 382
S 6.87 22 379
6 §.96 23 3.77
7 5.41 24 375
X S.04 25 3,73
9 4.78 26 LS |
10 459 27 369
11 28 347
12 4.32 29 166
13 422 30 3.65
14 414 a0 155§
15 4.07 60 346
16 402 120 3
1?7 31,97 o 3.29

Statistical Tables for Biological, Agricultural and Medical Re
search, published by Longman Group Ltd, London (previ-
ously published by Oliver and Boyd, Edinburgh), and by
permission of the authors and publishers.
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(4) Dependence of response on visible and ultraviolet
light prior to, during. and after irradiation, up to the
time of processing or readout

(5) Position of the badge on the human body relative
to the point of maximum irradiation on the body surface,
and relative to the location of the organs of interest

(6) Influence upon dosimeter response of the angle
of radiation incidence for the different types of radia-
tion and different radiation energies

(7) A possible bias in the performance on an open
test, that is, « test carried out with the knowledge of
the processor, introduced by the processor’s awareness
of being tested

The extent to which any one of these factors may
contribute to a given interpretation of dosimeter re-
sponse varies widely. depending on dosimeter design
and processing or readout techniques. It is suggested
that the testing laboraiory be in a position to evaluate
the supplied dosimeter designs for the influence on
mterpretation of dosimeter response of any of these
factors. Methods of carrying out some of the required
test procedures may be found in the literature |D4).

Because of the magnitude of the potential errors
assocrated with angular dependence of dosimeter re-
sponse, consideration was given to incorporating
mnto the standard performance requirements related
to response characteristics of test dosimeters as a
tunction of angle of radiation incidence tor different
radiation energies and types of radiation. However, an
adequate data base for the angular dependence of the
response of most personnel dosimeters irradiated on a
phantom was not available. Therefore, it was impos-
sible to select appropriate performance criteria.” It
was decided to include requirements in the standard
tor the develfopment of such a data base <o that. in future
reviews and revisions of this standard. suitable perfor-
mance criteria can be specitied. Section D6 gives an ac-
ceptable procedure for determining the dependence of
dusimeter response on the angle of radiation incidence.

D6 Measurement of Dependence of On-
Phantom Dosimeter Response on Angle of
Radiation Incidence

lrradiations are carried out with the dosimeters mounted
on the phantom used for all other test irradiations, for

"It may be noted here that dosimeters with isotropic esponse
would overest vate the dose equivalent index when irradiated
under a 90-degree angle of incidence (pazallel to the phantom
surface), while dosimeters having a response that strongly
varies with angle of mcidence may underestimate the dose
equivalent index when irradiated in the same geometry

16
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each radiation type and energy range included in the
categories of Table | of this standard for which the
dosimeters are used by the particular processor.

Mixed radiation categories are excluded. Angle of
incidence is varied in two planes perpendicular to each
other and to the plane of the dosimeter in contact
with the phantom. At least seven different angles of
incidence from 85 to +85 degrees, and including zero
degrees (perpendicular incidence), are used in each of
the two pianes. Irradiations are made with at least
th.ee anierent radiation spectra in category I, and one
o each of the other categories. At least two dosimeters
are irradiated identically. Values for the dose equivalent
index for each irradiation condition are selected from
between 300 and 600 mrem for photons and beta
particles, and from between 500 and 1000 mrem for fast
neutrons. They are determined for perpendicular inci-
dence of the radiaiion on the phantom by the methods
outlined in the standard for the depths (or depth) of
interest tor the particular type of radiation. Dosimeter
response for any angle of radiation incidence and any
type and energy of the incident radiation then is given
by the quotient of the dosimeter reading for these ir-
radiation conditions and the dose equivalent index for
perpendicular radiation incidence.

D7. Reterences to Appendix D

[D1] See, for example, Unruh, C. M_; Larson, H. V..
Beetle, T. M. Keene. A. R. The Establishment and
Utilization of Film Dosimeter Performance Criteria.
Richland. Wash.: Battelle Memorial Northwest Labora-
tory; 1967, BNWL-542, UC.48.

[D2] Radiation Protection Instrumentation and Its
Application. Wash =gton, D.C.: International Commis-
sion on Radiation Univ. and Measurements: 1971, Re-
port No. 20. Section HC).

|D3] General Principles of Monitoring for Radiation
Protection of Workers. International Commission on
Radiological Protection. Elmsford. N.Y.: Pergamon
Press; 1965 ; Publication 12; paragraph 101

[D4] See, for example. Personal Photographic Dosi-
meters, ISO/R 1757-1971. available from the Amer-
ican National Standards Institute, 1430 Broadway,
New York, N.Y. 10018 8

* A related Health Physics Society standard, Standard for Per-
formance of Thermoluminescence Dosimetry Systems, will be
forthcoming.
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