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I. INTRODUCTION

From October, 1977 to September, 1979, The University of Michigan
conducted a pilot study of the Health Physics Society Standards Committee
(HPSSC) Standard titled CRITERIA FOR TESTING PERSONNEL DOSIMETRY PERFOR~
MANCE. The Standard was given tentative approval by the American National
Standards Institute as ANSI N13.11. Table 1 summarizes the radiation

categories and statistical criteria required by the Standard.

During the two-year pilot study, 59 dosimetry processors voluntee:.ed
to send us dosimeters for irradiation according to the requiremernt: znd
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.
For each tes*, a proccessor could choose to be tested in any or all of the
eight radiation categories cefined in the‘'Standard. The average processor
participated in six categories. During tte two-year pilot study, we ad-
ministered a total of 700 category tests amorg all the processors. These

tests required the irradiation of approximately 21,000 dosimeters.

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.
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Table 1. Summary of HPSSC Standard prepared by The University of Michigan

r-\ o NS
Telerance Level (L)
- |
! (see footnotes)
| | Sumber of —yroyye Deep
Radiation 1L Dosimeters 2 ’
o Category Interval = Test Range  Per Test (7 mg/cm™) (1000 =mg/em’)
) A Gamma 1 Accident: 10-800 rad 10 no test a
(Co=60) 2 Protection: 30-100 mrem 10 no test b
3 101-300 arem 10 no test b
- 301-10,000 mrem 10 no test b
4 X Ray 1 Accident: 10-800 rad 10 no test a
(30-300 keV) 2 Protection: 30-100 arem 10 c c
3 101-300 arem 10 c c
4 301-10,000 mrem 10 ¢ e
I1I. X Ray Accident: no test
(15-30 keV) 1l Protection: 150-300 arem 10 c [
2 301-10,000 mrem 10 c [
LY. Beta Accident: no test
(Sr-30) 1 Protection: 150-300 mrem 10 c ne test
2 301-10,000 =mrem 10 c no test
v. Neutrons Accident: no test
(C£=252) 1l Protection: 100-300 =mrem 10 no test c
2 301-5,000 aorem 10 no test ¢
vI. Photon Mixtures Accident: no test
{Cat. 1°§& I1) 1l Protection: 50-100 amrem 10 ¢ -
101-300 arem 10 ¢ ¢
3 301-10,000 =rea 10 c ¢
YI1I. Photon and 3eta Accident: no test
Mixtures 1 Protection: 200-300 wmrem 10 c c
(Cat. Ior IZSIV) 2 301-10,000 arem 10 c c
VIII. Photon and Yeutron Accident: no test
Mixtures 1 Protection: 150-300 amrem 10 no test ¢
(Cac. I & V) 2 301-5,000 mrem 10 no test [

For each dosimeter, a performance index i{s calculated by:

P = §-1§—§ where: H = delivered quantity

H' = reported quantity

For each depth of each interval, an average performance index, P, and its standard
deviation, §, are calculated.

A processor passes a category if, for each depth of each i{nterval:
1P| + 25 <L
where:

e
e g
L]

0.3
0.3 or 5/«?{ whichever is larger
0.5 or 15/ /F whichever is larger



The objective of this Procedures Manual is to describe the operational
conditions of the pile*~ 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 recomrendations
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 Procecures Manual is cautioned that
the HPSSC Standard will undoubtedly hav: 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 categories involved 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. Fach
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 me surements 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, » 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 phanton

was placed on the platform. Each platform had the 5552 surface dimensions

029 233



Table 2. Summary of radiation sources and irradiation conditions

for the five categories that require a single source.

E(d)
Radiat Lon NBS Irradiation Conditions *air gle
Category Interval Radiation Source Technique Dist. (cm) Approx. Rate Shallow Deep (keV)
I. GCamma 10-200 rad:8; Co-60, teletherapy 200 15 R/min 1.01 1.01 1250
201-800 rad a " " 100 60 R/aln " " "
30-100 mrem Co-60, Irradiator 200 25 mR/min " - ol
101-300 mrem i P 100 100 mR/min " " i
301-10,000 mrem ” " 100 100 mR/min o " i
II. X-Ray 10-800 rad X-ray machine®  MFK, 20mA 100 10 R/min 1.3 1.3% 91
(30-300 keV) 30-100 mrem " * HFK, SmA 100 15 mR/min 1.26 1.26 204
101-300 wmrem " - HFG, 10mA 100 50 mR/min 1.35 3.3% 118
301-17°,000 mrem iz " MFG, 5SmA 100 750 mR/min 1.28 123 54
111. X-Ray  150-300 mrem  X-ray sachine'® 1-¢, 1m 200 100 mR/min 0.81 0.26 20
(15-30 keV) 301-10,000 mrem = " L-G, 4mA 200 300 mR/min " ” i
'V, Beta 150-300 mrem Sr-90 irradiator 35 150 mrad/min
301-10,000 mrem i - 35 150 mrad/min
V. Neutvon 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 890 rad was subdivided for ease of irradiation at two distances.
(b) . GCeneral Elec 1ic Maxitron 300 X-ray machine was used for all intervals of Category II.
—= (¢) A Gencral Electric XRD-5 X-ray machine was used for both intervals of Category ITI.
, e
M) (d) Values of C_ are given in Table 2 of the HPSSC Standard. They are used to convert from exposure to dose
O equivalent fndex at shallow (7 mg/cm2) and deep (1000 mg/cmz) depths in tissue.
(¢) Values of E, the average energy of a photon spectrum, were measured by GSF in Neuherberg, Germany.
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as the bottom of a phantom, 30 cm x 15 cm. The front of the phantom was
aligned with the front of the placform for dosimeter irradiations. The
phantom was pushed back a dis*ance equal to the radius of an ionization
chamber for calibrations so the ionization chamber could be properly po-

sitioned before the phantom was removed.

Two 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 irradiacion positions on
the face of a phantom. The 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 densitometer was used to examine the uniformity

of the radiation beam among the six irradiation pusitionms.

Once a phantom was properly aligned in a radiation 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 f{ -or, 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 con*rol checks simple and consistent. Levels were
placed on the phantom to be sure the 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
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the same each time. Each measuring bar was labeled beta source, gamma

source, etc., to provide each source with the same bar each time.

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 capacitance 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 1JO cm3 Shonka-Wyckoff ionization chamber manufactured by Exradin,
Inc. Both chambers were calibrated by NBS for specific NBS X-ray tech-

niques and for cobalt-60.

The strontium=-90 srurce 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. Befc-e Test #1 regan, 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
ionization chambers were again calibrated by NBS. A team of five people

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

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

were as accurate as poss.ble.

The following parts of Section II describe the procedures developed
to calibrate and use the six radiation sources required .or the pilot
study. Floor plans of the irradiation facilities and s-ecific 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 ceuter 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
beam 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 ionization chamber with a

plastic buildup cap was used for calibration.

N
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The following procedures were u;ed for calibration. Four different
measuring systems were used to determine which ones would be most accurate
and to determine the agreement among the systems. The systems were:
Keithley wodel 610B electrometer, Keithley electrometer with Leeds and
Northrup Potentiometer, Cary model 31 electrometer, and Cary 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 the testing laboratory to have some redundancy in the

measurement systems.

Calibration measurements were made repeatedly at each 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 from 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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The calibrations were carried out independently of source-shutter
(source-raising-and-lowering) functions. To check the effect of source-
shutter functions, the source was raised and lowered several times with
the timer, which is activated when the source is in the irradiation posi-
tion, used to record the total source-on time. The actual irradiation
time, computed form the steady-state ionization current determined in
earlier u>asurements, 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 shutter time errors were insignificant.

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

eéxposure rate was constant for times greater than 0.5 minute.

Leakage current of the electrometer system was measured after each

sec of six measurements. The leakage current averaged about lxlO-l“ amperes

and was corrected for in the calibration measurements.

1029
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C. Cobalt-60 Teletherapy Unit

The University of Michigan Hospital's 1500-curie cobalt-60 teletherapy
unit was used to deliver the high absorbed doses required for the accident
interval of Category I. Irradiation distances of 100 cm and 200 cm were
chosen 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 phantom by a
few centimeters. The phantom was then pushed back on the platform a dis-

3 ionization chamber. The chamber

tance equal tc the radius of the 3 cm
with a plastic buildup cap was placed at Position 1 (see Figure 1). The
phantom was then removed, and the exposure rate was measured with the Cary
electrometer, or its equivalent, operated in the null mode. The pro-

cedure was repeated for each of the other five posttions on the phantom.

The average exposure 1ate among the six positions was then calculated.

D. High-Energy X-Ray Machine

A General Electric Maxitron 3C0 X-ray machine was used to irradiate
dosimeters for Category II. The machiie has an inherent filtration of
4.75 om 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 [uur 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
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__X-Ray Machine

G.

G

G.

*
GSF:

.EB.

XRD-5

Maxitron

. Maxitron

. Maxitron

. Maxitron

300

300

300

Table 3.

Category Interval

It 1 and 2
1 4
181 3
1 1
1 2

X-ray techniques used for the University of

Michigan dosimetry performance pilot study.

_ Filtration (mm)

kVp  Be

30 0.25

100 4.75

150 4.75

200 4.75

250 4.75

Al
0.37
6.31
4.00
4.85

3.97

Cu

4.00
5.00

0.60

Sa B
1.46
1.03 2.65

GSF
NBS Measured
Technigque E (keV)
L-G 19.7
MFG 53.9
HFG 117.5
MFK 91.1
HFK 204.2

Gesellschaft fir Strahlen-und Unweltforschung mbH, Nevherberg, Germany.

Cs

UM
Lenlasod UM Calculated Avg.

keV) E!:lhallov C‘—‘ctp
19.0 0.813 0.259

57.5 1.283 1.23)
118.5 1.349 1.349
107.5 1.342 1.338
205.3 1.262 1.262

£1
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be reproduced. The heam 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 a length of 1 meter so that measurements from the X-ray
tube head to the phantom face were reproducible for all irradiaticns.
Tvo 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 ionizacion 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 0.5Z.

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 procedur2 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 measurements of exvosure 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 initial and final calibrations differed by less than 2%, and
if the beam monitor showed no 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 donimeters to calculate the exposure to each dosimeter.

If the initial and final calibrations differed by 2% to 4%, the as~-
sumption was made that the output of the X-ray machine had changed linearly
during the day. Since the time of day was recorded for each dosimeter
irradiated, the exposure rate could be calculated for each dosimeter,

depending on when during the day it was irradiated.

If the initial and final calibrations differed by more than 4%, all

dosimeters irradiated during the day were voided.

1629
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At no time during the pilot study did the initial and final calibra-
tions differ by more than 2%. Thus, no corrections were required, and

no dosimeters were voided due to exposure rate variations.

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.

The quality of the beams was determined by measuring the first half
value layer (HVLI) 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 HVLI was within

5% of the HVLl measured by NBS, and if the measured 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 _‘here 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 lxlO-14 amperes.

1029 30
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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
obtained by Kramers' calculational method. Energy absorption coefficients
required for the calculations w re obtained from the Radiclogical Health
Handbook. Calculated values for Ex at shallow and deep depths in tissue

are shown ia Table 3.

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 1.5%.

E. Low-Energy X-Ray Machine

A Ceneral Electric XRD-5 X-ray machine was used to irradiate dosimeters
for Category III. The machine has an 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 ITI. The filtration and kilo-

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

A plexiglas phantum was mounted on a stand and aligned in the X-ray
beam. Two commercial plumb bobs were permanently suspended with aylen
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.
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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 estimate of room scatter was made in the same manner de-
scribed for the high-energy X-ray machine and found tc be 1.27% at 200 ca.
The quality of the beam was determined by measuring the first half value

layer (HVLl) and the homogeneity coefficient (h).

F. Strontium-90 Irradiator

905:/90Y beta-particle source

The HPSSC Standard requires a sealed
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 pilct study.

The active portion of the source is a disk, 1.3 cm in diame* ~ by 0.6 cm
thick. The source was mounted in a custom-made irradiator ructed
of 1.3 cm thick plexiglas surrounded by 0.3 cm lead. The . .diator,

shown in Figure 2, was equipped with a solenocid-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's extrapolation

chamber at 35 cm with the original 60 wg/cmz encapsulation. An absorbed

1029 “52
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dose rate of 188.9 mrad/min in tissue (water) was measured. This result
compared favorablv with the beta-particle measurements made bv NBS. Finally,

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

An extensive investigation of the beam showed that although beta
particles were emerging 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 cm 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
was 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 irradiated 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 3.35%

%
was found between absorbed dose rate measurements made at 100 and 107 mg/cm”.

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
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had a fluence of 1.56 x 109 n/sec on March 4, 1978 as measured by NBS.

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
approximately 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 hollow alum-
inum wand 0.9 cm in diameter and 46 cm long. The hollow wand was attached
to a soiid aluminum shaft 1.3 cm in diameter and 168 cm 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 .oved up through
the lower guide tube to a reproducible point midway between *he 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 moni-or the source on the wand.

A steel cable atta. ".ed 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

1629 .5
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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 irradiationms.

A sample calculation of the neutron dose equivalent rate produced

by this source at 100 cm is:

1.5 x 10° n 3.4 x 10 mrem-cm’ 60 sec

sec n 47 (100 cm)z min

= 25,38 mrem/min

The factor 3.4 x 10-5 is sometimes called the éwrZD(r) factor. The 6nr2D(r)
factor was obtained from Californium=252 Shielding Guide by Stoddard and
Hooten (TID=-4500, UC-41). The gamma-ray exposure rate was estimated by

NBS to be 7.033% of the neutron dose equivalent rate. This gamma-ray

exposure 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 cm or 100 cm from the source, depending on the dose
equivalent rate desired. Radiographic f£ilm 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 sources to insure that phantom alignments were re-
producible. The phantoms remained in *heir fixed position throughout
the pilot study. The operator mounted a ladder to place and remove the

dosimeters.
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A ccncrete~block wall 19.3 cm thick and a shielded area for dosimeter
storage, of the same thickness, were built in the centrol room to protect
the operator and dosimeters. Shielding information was obtained from the

Californium=-252 Shielding Guide.

For dosimeters irradiated at 100 cm from the source, NBS computed
that room s:atter would cause non-albedo (e.g., NTA film) dosimeters to
over-respond by ahout 6%. For the same position, it was computed that
the scattered neutrons would cause an albedo-neutron dosimeter to over-
respond by about 17%. At a distance of 59 cm, non-albedo dosimeters
would over-respond by about 1.5%, and albedo-neutron dosimeters would
over-respond by about 4%, The calculated delivered dose equivalent was
increased by 1.060 and 1.015 for non-albedo dosimeters irradiated at
100 em and 50 cm, respectively. The calculated delivered dose equivalent
was increased by 1.170 and 1.040 for albedo-neutron dosimeters irradiated
at 100 cm and 50 cm, respectively. An effort was made to irradiate albedo-
neutron dosimeters only at 50 cm in order to minimize the effect of room-

scattered neutrons.
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ITI. 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:

.. Ex.it air o
where:
H = delivered dose equivalent at either the shallow or deep
‘ depth (mrem)
Ex = average conversion factor for either the shallow or deep

air depth calculated from the HPSSC Standard (mrem/mR)

= exposure rate measured free in air and corrected for
temperature and pressure (mR/min)

(ad
"

irradiation time (min)

B. Beta Source

As discussed in Section II F of this repcrt. the <Jose equivalent

at 7 ng/cmz delivered to a dosimeter was calculated by:

H = 0.9665 - Du“ue r Q o« ¢
where:
H = delivered dose equivalent at 7 mg/cm2 (mrem)
6tiscue = absorbed dose rate measured at the surface of a tissue

equivalent material (mrad/min)

1029
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Q = quality factor for beta particles, assumed to be unity
(mrem/amrad)
t = jrradiation 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:

g o3:4%x107 N -RS .t 60
6rx2
where:

H = delivered dose equivalent produced by neutrons (mrem)

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

RS = room scatter correction factor as determined by NBS

t = jrradiation time (min)

X = jrradiation distance (cm)

3.4 x 10“5 = dose equivalent conversion factor given in the HPSSC

Standard (mrem-cm?/n)

60 = time conversion factor (sec/min)

The gamma-ray dose equivalent rate was calculated as:

_3.4 %1070 N -t . 6000703

i waz

1029 2
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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 case 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 processor had three montas
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 pa-ticipated in the first three months and the other group par-

ticipated in the second three months of a testing :eriod.

Great care was ‘axen to insure confidentiality between the testing
laboratory an” each processor. A randomly 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 processur.



28

B. Receiving 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 ten lines on the envelope numbered 1 to 10. The do-
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 each 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 o*her restrictions were adopted to enable the testing laboratory to

use a computer code to evaluate the processors' performance.

When an euvelope 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 room, one box for each of the eight radiation

1029
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catego ies. 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
month, 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 inuividual 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 box, 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 hoxes. Letters of
special instruction accompanying the dosimeters and shipping receipts

were placed in a folder 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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cedures

1.

10.

11.
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according to the specifications of the HPSSC Standard. The pro-
followed on the day of irradiation were:

The radiation source room to be used was necked with a survey
meter to determine if any radiation sources had been left out
in the room.

Processor envelopes were selected six at a time.

Actual dosimeter numbers were checked against dosimeter numbers
written on the envelovpes.

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.

As irradiations were completed, irradiarion date, time of day,
irradiation time, etc., were recorded ¢. :he data page, and the
dosimeters were returned to their envelope.

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

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.

All data were pr ted, large and neat, in black or blue ink with
no erasures.

Daily exposure rates were listed in the back of the Irradiation
Log Books kept for each radionuclide source.

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.

Misirradiated or lost dosimeters were recorded in the Administra-
tive Log Book, together with dosimeter number, processor number,
error committed, and replacement dosimeter number. If a dosimeter
was lost, the processor was notified. If a misirradiation de-
manded extra dosimeters from a processor, the processor was no-
tified by phone as soon as possible.

1029
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D. Returning Dosimeters

Approximately two man-days were raquired at the 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 dosime ers.

4. After all the shipping boxes were filled, they were seal. .,
labeled and stamped first class.

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

E. Eva.vating and Repcrting Test Irradiation Results

When a processor sent all of the reported dose equivalents to the
testing laboratory, a computer program was run for each category in whkich
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.

~0
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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 as shown in Appendix B was assigned to each processor who chose to
be tested in that category. 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 categories 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 for remarks regarding holders, controls, and
mailing problems.

5. extra badge numbers each month for each processor.

6. daily environmental checks such as room temprrature, atmospheric
pressure and relative humidity.

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 failures, lost dosimeters or
envelopes, changes in status of processors, and any other item of possible

consequence.

029
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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 radiatiom source,
in the timing of the irradiatioms, etc., 21l or most of the six dosimeters
should reflect the error. Because the time of day and date of irradia-
tion were recorded for each dosimeter, 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-
pa: 'son 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, their output remained constant
throughout the pilot study excer: for radicactive 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 II D and II1 E.

1029
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V. BLIND TESTING

Seven commercial processors wc.e bliad-tested during the pilot study.
A utility company was asked to subscribe to each of the seven processors
ostensibly to use the dosimeters in and 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, probiems, 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 processo~s were blind-tested during the same months
in which they were tested openly. Alchough this method was effective
for blind testing large commercial processors, it would not work to blind

test small or in-house processors.

1829
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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.

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

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

are recommendations to 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.

2.

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 virtuaily exploded. Solid slabs of acrylic and other 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 prcressors 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,
gsome dosimeters were lost during shipment. The testing labor-
atory should replace substandard shipping containers with sturdy

containers.

1029
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3. 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 tasting 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
d.d not arrive at the testing laboratory until the 15th or 20th
of the month. We adopted a rule that any dosimeters arriving
after the 5th of the month would be returred unirradiated. This
solved the problem except for an occasional oversight by &« pro-

cessor.

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

was used to monitor the output of each of the two X-ray machines
while dosimeters were being irradiated. The irradiation 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.
1027
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APPENDIX A

Format of data pages kept in
Administrative Log Book.
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APPENDIX B

Format of data pages kept in *ne Irra-
diation Log Book. Processor’'s name and
code number have been cwitted. Computer
printout for this processor is shown in
Appendix C.



‘009 070 00) ¢ b9 (S 2 TS (AT 76 ZCE 01
008 Q7] Qo7 3 619 ebes 61810 b 6
537 007) 90y ¢ LSE  PEST GlIb0 poe . O f
‘e QGR/ 0Q; "3 <61 66€S  6lO7¢0 L] .hh
‘009 QF v/ Qo’ 3 Oyl 66 ¢S 6 L.92%0 29l 9
Qe 9 0t/ 00/ 3 €8N 66’6 (lO7c0 Y6l s
0S99 Q/9/ Qo/ + 162t PSES £ 70270 4 ’
009 008/ 007 + 18si  ¥YS¥S 610700 5 ¢
‘0SS 0sL/ Qu/ = 29 6 +S bS 640220 /1 <
56 ObL1 00/ t 28 tSbS 600720 +5 1
daaq T (w3) 3870 UoFI7604 (uywy (ugw/y) eli] Taquing auy
(pe1) 9soq paiioday aduaiajay ‘ea1y wojueyy awy ajey aieq 1232w soq
‘e11y aansodxg
W7 4 :1939wpsoq jo addy
Qe N 2P0 10ssadoig MOT3q UMOYS  :9OURISFQ UOFIBFPEAI]
WIAKAN 9 guyN  (9WeN 108822014 Ade1ay1a(a1 09-11eqo) :ad1nog
PE1 008-0T ‘T :1VANALNI
Pwwe) ‘T ANOOELVD



l

77N

Source:

Cobalt-60 irradiator

Irradiation Distance: 200 cm

CATEGORY: 1, Gamma

INTERVAL: 2, 30-100 mrem

Processor Name: NAME & NUMBER
Processor Code No.: OMITTED

Type of Dosimeter: . m

Dosimeter Date Ex::::fﬁ ‘::::. Phantom Reference Reported Dose (mrem)
Line  _ Number Irra.  (mR/min)  (sec)  Position  _ Time Deep
1 4- 021579 22.49 1405 <. 1010 70,
2 33 ©2/579 22.49 252.5 2 | 914 100
3 5/ 021579 22.49 (96.5 2. 1020 90,
o |63 033574 2218 Al % § (2lo 91,
s (37 632019 28 a5 Q (26 122,
e Q4 »32679 220 00 2 1215 38,
] ©32¢79 228 |03.Q < 12,20 49,
8305 0420719 2.9 2336 2 1200 101,
9 22| 042019 2198 (72 2 (20] 6O,
20 290 042019 2198 225.b 2 1202-. 107,



CATEGORY: 1, Gamma

INTERVAL: 3, 101-300 mrem

Source: Cobalt-60 frradiator Processor Name: NAME & NUMBER
Irradiation Distance: 100 cm Processor Code No.: OMITTED

Type of Dosimeter: §ium

Dosimeter Date E‘:.o::" ;::: Phantom Reference Reported Dose (mrem)
Line . Number Irra. (mR/min) (sec) Position Time Deep
' 35 022670 88.73 13,5 < 1325 290,
2 3> 022679 88.73 99.4 2 1»29 165,
3 o7 022673 B8.73 1600,5 2 | 33 2.10.
4 |70 032279 £7197 115.3 3 1075 180,
5 2  ©32229 £297 121.2 3 016 : 200,
6 13, ©32279 RL997 105.% 3 1017 187,
? 192. 032279  £191 141.2. 3 10185 240,
8 308 0AIB79 8.1 146, 2 o 10006 260,
’ 249  oa819 Bl 93.5 b 100) LI55.
10 323 oMB19 &1l 2L b (O 135,




CATEGORY: 1, Gamma

INTERVAL: 4, 301-10,000 mrem .

Source: Cobalt-60 1iradiator

Irradiation Distance: 100 cm

Type of Dosimeter: ( w m

Lxposure Ivra.

Dosimeter Date Rate Time Phantom Reference Reported Dose (mrem)
Line Number Irra. (mR/min) (sec) Position Time Decp
1 25 ©22079 B8.92 4258, > OB3B2. 7400,
2 23 o22079 88.92 6315 3 0945 1100,
3 3 022079 88.92 (94,3 3 OS50 OO,
4 5 022079 88.92 477.2 >3 | 0O 7 760,
s 195 932779 FZ.B) M, [ 56 5100,
6 149 o03az7¢  R1.8i 3994 3 (Nele 1000,

601

A7

~ o~

1 17y 032779 A1.5l 4735 3

8 354  ofeg19  B743 32l 3 17160 6300,
o234 040879 ¥743 3e0.0 3 800 600,
w3 OQ o4od7¢ 37.4Y3 Cigo, 3 lQOC‘) __\00cD,

[GIC 150.




CATEGORY: 2, X Ray

INTERVAL: 1, 10-800 rad

NBS Technique: MFK Processor Name: NAME & NUMBER
Machine Settings 200 kv, gv-r

Added Filtration: 4.85 mm Al, 0.5 nm Cu

Processor Code No.: OMITTED

Irradiation Distance: 100 cm Type of Dosimster: Fu.m
Exposure Irra.
*. ssimeter Date Rate Time Phantom Reference Reported Dose (rad)
Line Number Irra. (R/min) (min) Position Time Deep
1 S 022379 8,83 4l 5, /2018 15,
2 55 022379 £83 2009 2 2230 385,
3 b 022379 AB3 383 2 /300 7.
4 26 622379 £463 50,491 2 /350 bl3,
5 lplo 032679 10.83 48,0 / 1200 615,
6 o 032679 __10.83 114 / /300 79,
7 194 022679 10,83 5333 / /310 £25,
8 360 O42519 1054 3Lb 3 (30! 150.
9 345 0425719 1054 252y G 1302 \0.

¥

10 31 (42519 \054- 1171 /1303 355,




CATEGORY: 2, X Ray

INTERVAL: 2, 30-100 mrem

NBS Technique: UFK Processor Name: NAME & NUMBER

Machine Settings: 250 kV, 5 mA Processor Code No.: OMITTED

Added Filtration: 3.97 mm Al, 0.60 mm Cu, 1.03 mm Sn, 2.65 mm Pb
Type of Dosimeter: | \im

Irradiation Distance: 100 cm

Exposure Irra.

Dosimeter Date Rate Time Phantom Reference Reported Dose (mrem)
Line __Number Irra. (mR/min) (min) Position Time Shallow Deep
) 24 022179 20.9¢ Y2’y 2 1215 O, O,
g 38 022179 20.94 2RSS £ 1220 i~ 15,

3 7 022179 2049 3.395 2 (225 e e,
4 (91 032379 204 319 / 420 0L, (0,

5 e 1 032379 205l 3615 / I 120, 120,

6 O 0323729 204 12 ’ 13n €O, O,

7 [+0 032379 204 1.3 / /73 50, 50,
_8_ 303 Co2L19 e 244 3 /3 105, 105,
9 313 042579 .20 Al % 1 307 101. 107.

10 25] 25715 236 30 5 /303 1o, WO,




NBS Technique:
Machine Settings:
Added Filtration:

HFG

150 kv, 10 mA

CATECORY :

INTERVAL:

4.00 mm Al, 4.00 nm Cu, 1.46 mm Sn

2, X Ray

3, 101-300 mrem

Processor Name:

Processor Code No.:

NAME & NUMBER

OMITTED

Type of Dosimeter: | |-™

Irradiation Distance: 100 cm
Exposure Irra. ‘
NDosimeter Date Rate Time Phantom Reference Reporzed Dose {(mrem)
Line __ Number Irra. (mR/min) (min) Position Time Shallow Deep
1 R 022079 6258 \.B7 / 1215 170, V10,
o 23 022079 6255 1.305 / 1220 L2\ 21, -
3 50 022019 ' 6255 2.95 / 1225 248, 298
4 190 032179 656 3.04 / 1930 256. 250,
3 1D o32119  6Sb 152 [ 1935 = S,
_b 180 032119 ¢56 1.97 / 1940 191
7 142 030719 é56 2.3l / 1950 2103, 203,
L NPT 012478 i3 241 3 (3] 225, 22€
9 3L M2 b A3 3.2¢C ) 120 * 331, 337
o359 42479 .13 (.79 ; 1502 170, | 7¢o,




CATEGORY :

INTERVAL:

2, X Ray

4, 301-10,000 mrem

NBS Technique:
Machine Settings:
Added Filtration:

Irradiation Distance:

Exposure
Rate
(mR/min)

Dosimeter

100 kV, current shown below
6.31 mm Al

071479

Processor Name: NAME & NUMBER
Processor Code No.: OMITTED
Type of Dosimeter: i v.\\

[.'4/47()

Irra.
Time Phantom
(min) Position
E11.2 %085 2
6, 2 N/ 4 ?
Z 39 =
2 299 )
5¢0.3 0,20 /
3 5 9% /
v 5665 /
S 349 3
i~ 242 b |
L] 5

Reference Reported Dose (mrem)
__“ime Shallow Deep
(/5 _©4900,  €I1S0.
/.27 490, 480,
/1 2¢) 3000, 2900,
f 220 5%, So%.
(212 MM2S. 1135,
£2.°0 900. S50,
(225 ©10. elS .
/OCH 4095, 393¢.
1 400 . 36
100 595, Y g




& - ® .

CATEGORY: 3, X Ray

INTERVAL: 1, 150-300 mrem

NBS Technique: L-G Processor Name: NAME & NuMBER
Machine Settings: 30 kv, 1 mA OMITTED

Added Filtration: 0.37 mm Al
Irraliation Distance: 200 cm

Processor Code No.:

Type of Dosimeter: { . A\

Exposure Irra.
Dosimeter Date Rate Time Phantom Reference Reported Dose (mrem)
Line __Number Irra. (mR/min) (min) Position Time Shallow Deep
1 4\ 022679 1145 .89 4 /100 190 . 59,
2 58 022¢(79 9.5 292 9 //0S 348, 108,
3 9 622679 ' 1145  sa q /170 i | g
A 2| 622479 195 178 i /85 184 . 5.
5 "7l 031379 (168 2wl / 1600 - 284, en Y
il 89 031379 by 2.7 / 1605 340, 105,
7 144 031379 (0.9 2.0l / 1610 319, 91.
S B 35% 042819 6.0 26 4 1100 320, 100,
T 9 36 042079 ks 198 4 (101 205, 65,
- 25
O - £ 042879 (b0 195 4 Loz 230, 71,



CATEGORY: 3, X Ray

INTERVAL: 2, 301-10,000 mrem

NBS Technique: L-G Processor Name: NAME & NUMBER
Machine Settings: 30 kV, 4 mA OMITTED
Added Filtration: 0.37 mm Al

Irradiation Distance: 200 cm

Processor Code No..

Type of Dosimeter: i 5\

Exposure Irra.
Dosimeter Date Rate Time Phantom Reference Reported Dose (mrem)
Line __Number  _Irra.  (mR/min) (min) Position Time Shallow  Deep
. 42 022(,19 28649 184S b 1530 2835, 815,
2 59 02219 2864 32.9L b 10O 1500, 2 300,
e . - 6226722 ; 2564 2.96 b 130 830, 220,
4 D 022679 axea 15.92 0 1700 2150, 850,
5 |77 031419 28B.l Lbb / {700 405. 125,
_6 145 031479 288,06 neq ! (705 2700, 150,
1151 031479 2be ____ 1.86 / 10 526, 2.,
8 3517 ©429]9 2888 2990 4 1350 6915, 2150,
9 3306 042979 20888  3.b| 9 (4 00 1317, 425,
10 310 042979 __zege 117 % 1410 508, 151,




CATECORY: 4, Seta
INTERVAL: 1, 150-300 mrem
Source: Strontium-90 Processor Name:  Namp NUMBER
Irradiation Distance: 35 cm Processor Code No.: OMITTED
Type of Dosimeter: ¢ .
Absorbed Irra.
Dosimeter Date Dose Rate Time Reported Dose (mrem)
Line Number Irra. (mrad/min) (min) Shallow
1 Y3 ORI77  ,s>3 L/ 320 .
2 6O O2/927  ss>3 L0 201,
3 ) R OR)82)  _s23 /58 260
“ 27 O)829 /523 L 7P 300
5 1SG 030979 152.0 .70 215, .
o 187, 030979 52,0 .29 213,
7 49 030979 i52.0 1.32. 206,
8 So2 254'3_'9 151.3 |7 219
9 503 051079 1S1.3 1.22. 215 ,
10 So4 0SIb7 9 1S1.3 .90 310,
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CATECORY: 4, Beta

INTERVAL: 2, 301-10,000 mrem

Source: Strontium-90 Processor Name: NAME & NUMBER

Irradiation Distance: 35 cm Processor Code No. : OMTTTED

Type of Dosimeter: -\ \ M\

Absorbed Irra.
Dosimeter Date Dose Rate Time Reported Dose (mrem)

Line Number Irra. (mrad/min) (min) Shallew

1 G4 oreeq \Sr 3y S 6700,

2 \ 3 Creen§ \sY 3 <59 850,

3 30 CLoeS \51-3 [215 23715,

" 142 032179 152,0 3.7/ 68D,

5 152 o32179 152,00 1,66 290

6 169 o3279 12,0 G714 815,
7 129 83279  i52.0 9.2A  \woo.

8 554 642379 156 3. 54 740,

o 3\1 042379 (51,6 S3.60 gs3.
10 327 042379 151G 5.9 95,
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CATEGORY: 5, Neutron
INTERVAL: 2, 301-5,000 mrem
Source: Californium-252 - Processor Name: NAME §& NUMBER
Irradiation Distance: shown below Processor Code No.: OMITTED
Type of Dosimeter: ( u A\
Dose Eq. Irra.
Dosimeter Date Rate Time Phantom Irra. Reference Reported Dose (mrem)
Line _ Number Irra. (mrem/min) (min) Position Dist. (cm) Time Deep
S Te O 7822 Y90t 2 os e /7¢0 5050
2 .,_53,__,__022579 7822 q/s Z ns o /707 SO
S 022579 2822 2355 2 pSo /702 2215
w77 022579 7821 b5 2 050 (703 1240
s ol 031577 W22 S50/ 035© /000 S020
o K8 o5y 22 P32/ 052 Lo/ 1000
205 0357F 7222 _3So [/ 0So (902 3480
X5 0§l Z3 (4o : ] 055 (70 1065
v 36T 04975 753 B2 .00 | 0SO /20/ - 380
o 375 O 755e (3 F o 1/e2 590



Page 1 of 2
CATEGORY: 6, GCamma component
of gamma plus X ray
INTERVAL: 1, 50-100 mrem
Source: Cobalt-60 irradiator Processor Name: NAME & NUMBER
OMITTED
Irradiation Distance: 200 cm Processor Code No.:

Type of Dosimeter: + ‘N

s o el T M ipleaae ¢ el

Lin- Number Irra. (mR/min) (sec) Position Time
. '__,,_.___‘/éi,'_,_Q&;zj* 2257 /673 A /7c0
¥, NP, 5 4 021371  22.57 €3, 6 /70
11 p2)31%° RS, 4299 4 /1o
b S73 o397 IRAT 365 3 /.30
BN VAN Tk VA R 2 VA A S S 72
o APT eyl 227 S T /302
9 ST oY1 2237 _ne D 300
S350  o4ol 79 2243 556 X (400

9. 332 _o40179 ga2.3 1047 2 1203
. 5%%  0H0179 aau3 D18 3 120¢
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NBS Technique:

HFK

CATEGORY :

INTERVAL:

6, X ray component
of gamma plus X

1, 50-100 mrem

Page 2 of 2

ray

Processor Name:

NAME & NUMBER
rachine Sectings: 250 kV, 5 mA Processor Code No.: OMITTED
Added Filtration: 3.7 mm Al, 0.¢) mm Cu, 1.03 mm Sn, 2.65 mm Pb i
Irradiation Distance: 100 ecm Type of Dosimeter: [ 1M
Exposure Irra.
Dosimeter Date Rate Time Phantom Reference Reported Dose (mrem)
Line _ Number _JIrra. (mR/min) (min) Position Time Shallow Deep
L Y5 022179 2p44 98 / /115 125, 125,
o Y BRI SR was .} /120 lno. Ho.
i S 022179 2044 23 / /125 90, 90, )
L 73 032379 204 1.5% - /000 S, 65, 7
s /5!  oazayo 2046 78 7 /50 9E 9g>,
o /P7 03310 2046 A 9 36, 36.
7 /33)(’/ 2 207 1 OF 1 02 130, 130,
350 0425719 21,20 2.\\ / 120 45, 95
v o 332 42509 (30 Jol [ 1302 5. /15,
0 202, 04 )_,Z»_ﬁi 2030 u,'] | | o R 8o, 80
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Page 2 of 2
CATEGORY: 6, X ray component
of gamma plus X ray
INTERVAL: 2, 101-300 mrem
NBS Technique: HFG Processor Name:  yavp o NUMBER

Machine Settings: 150 kV, 10 mA
Added Filtration: 4.00 mm Al, 4.00 mm Cu, 1.46 mm Sn

Processor Code No.: OMITTED

Irradiation Distance: 100 cm Type of Dosimeter: ¢ 1.\
Exposure Irra.
Dosimeter Date Rate Time Phantom Reference Reported Dose (mrem)
Line Number Irra. (mR/min) (min) Position Time Shallow Deep
1 =y 022019 4255 178 ] 1045 194, 19 4-
2 ol 022079 6255 95 I 1050 153, 153,
3 hi% 022079 " 4255 //85 / 1055 102 162,
4 /25 032179 4S.6 48 2 1700 81 &1,
s /9 032179 (56 221 2 1701 529, 529,
X § . AV 032179 0S5.6 42 2 1702 | 7D, 170,
W 7 /53 032179  (S.0 46 2 1703 235, 235,
D
ay 315 042419 b3 (40 i (900 185, i85,
9 224 042409 ina13 S L. 1901 a1, 8\,

10 34l 012979 haid e, | [90 2 195, 195,
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Page 1 of 2

CATEGORY: 6, Gamma component
of gamma plus X ray

INTERVAL: 3, 301-10,000 mrem

Processor Name: NAME & NUMBER
OMITTED

Source: Cobalt-60 irradiator

Irradiation Distance: 100 ecm Proc~ssor Code No.:

Type of Dpsimeter: [ LA\

Exposure Irra.

Goe  dmber  Ira.  (akjain)  (see)  bosition Time
Py S0 00677 £937 925 ot 200

2 /6 BRo679 8227 3392 2 /20/
T AR | 020671 "' 337 927 o | / 300
433 C 0677  87.37 3197 2 /3
5 4SS 031379 &P I552 -2 S 06
6 ST O3/3)F RS s < P 2
. S O03/371 9raAS il .S L 2D

w o lOo  oqoaly 3165 74 A SO

0o 1249 oHoorq $1.65 139 2. 169G

0 o 3Y o401 79 _#1.68 A7, D (A0




CATEGORY: 6, X ray component
of gamma plus X ray

INTERVAL: 3, 301-10,000 mrem

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

Page 2 of 2

Processor Name: NAME & NUMBER
Processor Code No.: OMITTED

Type of Dosimeter: ¢ AL

Exposure Irra.
Dosimeter Date Current Rate Time Reference Reported Dose (mrem)
_Number rra. (A) (mR/min) (min) Time Shallow Deep
o SRR v | - N e K YL | /057D 2.695 1o 500 485
/6 021479 S 170 1,795 1215 8000 7900
e - oo i <O®sa 2492 g¥ ey 37y 357
43R b2a419 5 £172 155 1220 7140 1100
55T 02919 )\ 029 113 100 418 418
6 A77 032119 S pucy 123 /105 1472 1445
L LXP 031979 [ w29 505 /11O 705 e15
G 042419 5 ge3d 3% I[3O A v e
L2 49 @ 042479 i 732) 278 (3] wod reged\ el
A, 042479 - St 1,405 H3Z . AL Sk
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Page 1 of 2

CATEGORY: 7, Gamma component
of beta | lus gamma
INTERVAL: 1, 200-300 mrem
Source: Cobalt-60 Processor Name: NAME & NUMBER
Irradiation Distance: 100 cm Processor Code No.: OMITTED
Type of Dosimeter: Filw,
Exposure Irra.
Dosimeter Date Rate Time Phantom Reference
Line Number _TYrra. {(mR/min) (sec) Position Time
1 31 020679 B9.27 49,75 2 09245
2 \7 O20679 89 37 |16.2 o 0930
3 A8 O2 06079 éo W 4 41.5 2 ©933
4 181 031019 BR.2S 13S. 4 / /106
. 190 0310719 RB8.35 49.7 / /108
6 S 031079 ep.3s 1293 | 1170
7 14l 031079 AR.3S 121.6 / 1112
8 247 o4oing  B1.65 Ha.Q 0 1900
s 309 o40179 K765 449.3 & (4048
10 218 040179 L7165 16 Q 1910
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Page 2 of 2
CATEGORY: 7, Beta component
of beta plus gamma
INTERVAL: 1, 200-300 mrem
Source: Strontium-90 Processor Name:  NAME g NUMBER
Irradiation Distance: 135 cm Processor Code No.: OMITTED

Type of Dosimeter: | S T

Absorbed Irra.

Dosimeter Date Dose Rate Time Reported Dose (mrem)

Line __Number _Irra. (mrad/min) (min) Shallow Deep

1 3| C 22} S e L\% 282, 92,

2 \ 7 oL \S2.2 L ] 240, 240.

3 48 o216\ 2.3 P00 241, 84,

4 [§ay| 3139 1S52.0 .53 310, 210,

5 IS0 031379 152.0 .20 2063. 10. .

6 1S 031319 1520 S/ 372. 197,

7 (4l 031319 152.0 47 350, 230.
8 347 041679 1S). .03 2503, B0,

9 309 04\ 179 (510 (.12 215, 95,

10 320 041619 1Sl 49 365, 190,
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Page 1 of 2
CATEGORY: 7, Gamma component
of beta plus gamma
INTERVAL: 2, 301-10,000 mrem
Source: Cobalt-60 irradiator Processor Name: NAME 4 NUMBER
Irradiation Distance: 100 cm Processor Code No.: OMITTED
Type of Dosimeter: v iiw
Exposure Irra.
Dosimeter Date Rate Time Phantom Reference
Line __Number drra. (mR/min) (sec) Position Time
_’_l_ TR _:4 N O 2067 ‘) 8‘) e 3 4 1O 3C@. ..; I C\'"I
2 20 020679  8I.37 995 > 12 (o
3 19 O20W79 ’8“),-,') 7 \)3():’) 5 V53 i
4 AP  03/379 025 1242 2 2
s WY 034377 SIS /R0 2 230 :
E - - . Sadt ‘LN ‘:
6 /LY o37] 3857 4. R /955 J
2 34 oHo179 K2.€5  193.3 1590
« 358 O4o179 _%7.65 104 A 1600
9 312 o4e179 875 0.6 A . (G610

__o4qo179 B1.65

170, 3 oL

(620




Page 2 of 2
CATEGORY: 7, Beta component
of beta plus gamma
INTERVAL: 2, 301-10,000 mrem
Source: Stront{um-90 Prucessor Name: NAME & NUMBER
Irradiation Distance: 35 cm Processor Code No.: OMITTED

Type of Dosimeter: [ \L-™

Absorbed Irra.

Dosimeter Date Dose Rate Time Reported Dose (mrem)
Line __ Number Irra. (mrad/min) (min) Shallow Deep

1 47 o1L2u)4 \$2.3 2883 3270, 2220,

2 29 oLLYN\q \§2.3 .44 530, 258

3 49 eriwns V23 3.6y 1900, (100,

e 031479 193.0 5 428, 31,

s 74 63147 (520 22717 3350, 2000,

6 /Y 031479 1S2.0 .59 PO, L80 .

: . OHoa1q 5L 389 1980, 1100,

: 8 35% 40279 I5LG  AS| 595 145,
3 s 3\ 040279 15u6 1666 2300, 1300,

10 333 O HOYT2 151.6 K a5, 295

Ny .
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Page 1 of 2
CATEGORY: 8, Gamma component
of gamma plus neutron
INTERVAL: 1, 150-300 mrem
Source: Cobalt-60 irradiator Processor Name: NAME & NUMBER
Irradiation Distance: 100 cm Processor Code No.: OMITTED
Type of Dosimeter: | .. m

Exposure Irra.

Dosimeter Date Rate Time Phantom Reference

Line __Number _Irra. (mR/min) (sec) Position Time
A ble 02067 P37 yos 3 /730
_2 00y f 020679 §7.37  £22 3 /75
3 7/ OQMZLXY 37 533 3 /7 32
ol 209 0331079 886.35 //3.2 ( 6930
S5 204 031079  E8.35 43.1 / 0932

6197 o075 8835 799 ! 0934

,\ 720l ©31079 £8.35 S$2 / 09 36

: 375 041019 81.317 99. “ 100
o 310410719 8137 34,3 4 110}
o 362 041079 8131 19| 4 1102.
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Page 2 of 2 )
CATEGORY: 8, Neutron component
of gamma plus neutron
INTERVAL: 1, 150-300 mrem
Source: Californium-252 Processor Name: NAME & NUMBER
Irradiation Distance: shown below Processor Code No.: OMITTED
Type of Dosimeter: F\Lq\’
Dose Eq. Irra.
Dosimeter Date Rate Time Phantom Irra. Reference Reported Dose (mrem)
Line __ Number _Irra. (mrem/min) (min) Position Dist.(cm) Time Deep
A ¢e  02231” 18.34 2000 4 050 1829 300
2 068 | |
o Jf pRISTS  ITRER PLls 4 050 1547 349
S 203 Ofz2W  Mes  gver 100 (700 255
3 int Qoun 2,83 2.070 / Ogo /70/ 344
6 197 032219 925 2443 ( /00 /7202 2295
21— _20] 032279 7683 53¢ [/ 050 (703 385
31 OF7s 4923 2%/ foo LUs” 210
v 3N 0?7 7453 [G0 [/ o5e (/¢ 284
a0 362 Owe7i /873 4739 (09 Jy? 263
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Page 2 of 2
CATEGORY: 8, Neutron component
of gamma plus neutron

INTERVAL: 2, 301-5,000 mrem

Source: Calffornium-252 Processor Name: NAME & NuMBER

Irradiation Distance: shown below Processor Code No.: CMITTED

Type of Dosimeter: Fics

Dose Eq. Irra.
Dosimeter Date Rate Time

Phantom Irra. Reference Reported Dose (mrem)
Line Numbe r Irra. (mrem/min) (min) Position Dist. (cm) Time Deep
2. 7 (22479 T18.28 4138 1 050 (729 21806
2 73 022479 18.28 7.15 1 050 IBS 910
3 ©9 022479 128 1255 41 050 IR26 4210
4200  0%277 %56 3320 ! OSo /(3 %
5 RO2 657779 7650 3798 / OS50 /636 4 465
6206 037775 S6 2800 [ 040 /37 415
» 1 2\o 06327 %5 %05/ 0S5 o /638 440
v 364 OWFT 7o Lol / 050 (495 469
L 041977 7550 485 /. 05% /496 2180
0 367 0977 757 Gy / OS50 . /9¢? \035




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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2N

211

ane

287

226

176

WY o

1n0
20

. . r

COMMON TYPE  NCATWREF (10) oF INISH+CODE (10)
co-uN'll?!TrvrTTtutTttTTCrrOSTTvT?’Ttvv-CI.RESUCT?'o:n.HaAa's
COMMON Nu"ﬂ!ﬂ(lﬂ)GXHONTHGIOIchAV(lO)otvEAﬂc10)01903(30)olOlST(IOI
NIMENSTON RSMAL TIOTOSHAL tTO0Ts DFEPITOT +STATET10) JNUMX (]
lﬂ)oDSFlLl(IO)oDOCE’ICIO)oﬂlY(IODOYIH(IOD.JhONYuclolgdolv(10)oJVEAE

. YO IO s (IO FINT 0T WK IO s ™TTOT 5
RPEAL *3 PROCESSORSTYPEPR,CEsTYIOKB/ Y v/
TDATE PASS/YPASSY /I FATIL/YPATLY /W VOIO/ "VOTDY 7, ONyr—— %7
DATA STag/ve V/+sSTARR/ % vy
OCED (S+3007 Nawg
CORMAT (11)

N B ONUM
YY = TYRET

SSITE (64200)

FORMAT (IHI/77777/19%s 'PEPSONAL DOSIMETRY PERFORMANCE TESTING'//33
1Xe*A BILOT STUDY*////7/732K9+SPONSORED RY 072204 %U.Se NUCLEAR REGUL
24 TNRY COMMISSION'/7//32%X4 "CONDUCTED Y IT/ITXLTDEPTG UF ENVINUNME
INTAL AND INOUSTRIAL HEaLTH1/28x4'SCHAOL OF PUSRLIC HEALT = /2840 YUNT
SVERSTITY aF “ICHtGAN'/BIXv'IVW"IHHUW}'vrcwt;‘~-//777rgrvccooooooooo
4 PESULTS NF TEST #2 ewescesses’/,/ /)

TF (NAYE EQ.1) PRO=0Xx8

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

“RITE (85,2017 PROICESSORINUM, TyP® —— - i

FORMAT (2344'PROCESSOR NAME VoAhBeAT//23X4 ' PSOCESSOR CODE ~Q. @ ¢

YTYPE OF DOSINETER T 75 -

TT277237, VAWY T

wSITE (8.202)

FORMAT (IWH177777773X5'FOR EACM DOSIMETER, 4 PERFORMANCE [NDEX IS C
1ALCULATED BY :94////32%+'P 2 (H® = M) M /7788, 'wnERE ¢ = DELLV
ZFRED QUANTITY'/I3X,"M® = REPORTFD QUENTITY ' 777 /8X, *POR FaCr DEPTM
INF EACH INTERVAL OF A CATEGORY, AN AVERAGE CEIFORMANCE ' //ex e " INDEX
G (P AVERAGET AND TTS STANDARMT DEVIATTIONG 5% ARE CALCYLATED.'////
Sets'a PROCFSSCR PASSES A CATEGNRY [F, FOR EaCw UEPTH OF EaACH INTEw
AVEAL«"//4X+YTHE 8BSOLUTE VALUE NF (P AVERAGE) PLUS 2§ IS LESS THan
TAR EQUAL TO'//6xe'THE TOLERANCE LIMIT, LetZr21)

YITTE (8.207) g s

FORMAT (4X,'FOR CATEGORY I, INTERVAL 1, AND FOR CATEGOM~ [le INTESR
IVEBU TV T r“7:37——ruwvr7txrrctTtuvwv—TT“ert7vaLS“zi Fi AND 40 L =
273 DR B/SGRT(# AVERAGE) s WHICHEVERY /74X, ']1S LaRGER. Faw ALl OTwE
e CATEGORIES, [ #* 0.5 ORF IS/SQRTW AVERAGE). w~ICHEVER*//4x,' (S La
WRGFR, 1)

VETTE (6 s Sa——

FORMAT (s/7/7/70X4'IF A DOSIMETER IS LOST, NOT ~EPORTED BY TwE PwOCES
TSRS TRAAOTATED TMPROPERLY, Y/78 X3 YET s s THE WORD VOTD BRPPEARS NEXT
2 TO T=E DOSIMETER NUMBER. VvOIDED DOSIMETESS'//aX o YARE NOT (NCLUOE
3N IN THE PASS/FAIL CALCULATIONS.') et 5

A 176 [ = 1.8

rry = o e

mtn

=

=
“(?) =
MIT) =
Mia) =
wrs) =

MiR) = 2

e L I S
SEAD (5920) NCATINTER.PROLCESSORsNUM, TYPE
FORMAT (21S:A8.A7+[S+A8)



SA0

TZNET TR T BN, . JET

2ns

nO Son I = 110
A B Pl T e e ket —— 4
IF INCAT.NE.O) GO TO 1S2

no 208 T 8 1.8 B ey

IF (K(]).,GT.0) FIN(I)=STAR

TP tItIr EQ . NTTY ) FINIITOPgSS

IF (J(T)alTeMI])oANDK(])EQeM(])) FIN(D)=FalL

wRPITE (84205)

FORMET (IMI/ 77777717 sTevvsnovne® SUMMARY OF TESULTS esessessen:
V\retr77)

TP tNamE £0s 1) PREOKE—

IF (NAME,.EQ.1) CE=0xs8

T WS TR te 201 PRCE YU TY

2na

221
220
297

221
224
228

1=2

s

22

an

73

24

%

“RITE (64206) (FIN(I)s I = 1,+8)

FORMAT 7/ 77T *CATEGORY T4 GAMMAT; 28X, 'Y TyAS,//7ETXVVCATEGOR
Iy Il HIGH=ENERGY X PAY'412Xe': '9a8//(TX 'CATEGORY I[ls LOW=EN
2ERBY X RAYYIIIXV YD RS/ /LTRCATEQORY [y REPRTyPSRev: 2,872,117
TI'CATESORY e NEUTHON'422X9%: "346//17X,"CaATEGORY VI, CaMMa
APLITS MIOH=ENERGY X RAY T *iR&771PX *CATEGORY VITi GAMMg PLUS BETa
Steldxe®t ', 88, /1 TR "CATEGURY VIIls Gamma FLUS NEUTRON'9 11Xy ',a0e
RIII7Y P
i =0
v ® 0
NN 221 1 = |8
TF (FINtT ) FU.STaANY CCNT——

TF (FIN(D) JEQeSTANR) MMz]
~FONMT INUE
IF (LLe20Qen) GND TU 222
«PITFE (me22M)

FORMAT (17¢e?® = RESULTS aRE [NCOMPLETE FO= THIS CATESARY'//)

TF (WM EQ, 0T 60 TO 228 — - e o
WRITE (8,223
FORMAT ([TXs*®® = PROCESSOR D10 NOT PARTICISATE IN THI> CATEGURY?')
«RITF (8,225)

FORMAT (imY)

a0 T0 10
"OOTO tle2iTeevSvos Py @y NCET - i
30 TO (941041041006 INTER
ofaD 1Se21) r~u~e€Qt1'.l~0w?ntt7»lalvtl)-!v€l°«x1.ﬂATE‘xlvTxnz(lzo
TPOSCIN o IOISTII) «REF(L)sROEEP(I)s T = 1413}

FORMAT ([S¢312:2F5,00k10i3:F0,0:F10.0)
"N So2 L = 1,10

r' fWﬂr.LT‘.mm‘OG‘W!V?‘"
rFODE(L) = 9,0
MUMBER L) = NUVEER(T) - 90700
rFONT INUE
Y s 1,91
CALL TEST (RDEEP.DDEEP)
RITE (8,227 . )

FOPMAT (1M1+9Xs*CATEGORY I, GAMMA! //10R e v INTESVAL 19 JU = 290 RAQ!Y
1

TF (NAME EQ.1) PRO=OXS

(F (NaME EQ,1) CESSOR=OXS

“RITE (5e23) PROs CESSORs NUMy TYPE
PUP'IT'rlTrv"VUCtSSU"Nlﬂt‘?—'?llil777s71.09=CCESSOR’COOE NOe : *
Vol20//8T 0o TYPE OF DOSIMETER : ',48)

SRITE (8,241
FORMAT (10x+*SOURCE : COBALT=60 [RRADIATOR®'//10xs?IRRAUTIATIUN OISsT
1aNCE @ SwOWN BELOW®//77) -

IF (INTER.GT.1) GO TO 29
TOLER ¥ 057 = -
wwITE (8.2%) CXx
FOPMAT (23X *CrPOS, lamms TIIOXVYPIRRSE, CrFEP ARS0RRBED NNSE, Cx =
17.Fa 2
“2[TE (8,62)

o /'



42 FORMAT (1X4'DOSIMETER® 4Xe10ATE 96 (s 'RATE 43X, TIME  ExPUSURE DIS
ITe  OELIVS — MEPORTSy !
wRTTE (6463)

A3 FORMAT (2K, "NUMBER  IoRRDTATED (R/MTN,  (MIN) Ry (CM™) (
124D} (RaD) Pe(M®=r)/n'/7/)
"o TO 3t P S - e P

29 TOLER = 6,0/SQRT(HBAR)

T TP (TOLERLLT,0,37 TOLER¥OSJ e e e
wRITE (8,30) Cx

0 FORMAT (23X 'EXPOS., IDRA. "+10XsTIRRA, OFFP DOSE EQUIVALENTs Cx=
174F62)
WRITE (8,627 ; P
wRITE (8,32)

T OFORMAT TZXVYNUNBER  IGWAOTATED (MR/ZMINT (WIN) (MR (C™) (

| “REM) (MREM) Pa(H®=r)/H*//)
31 " 33T = 1,10 .
STATE(I) = OK
TF (CODECLY . EQ,9:.0) STaT€tTi=VnNID
A0 TO (33s83.08,84), INTER
TAYTIOTSTUIT ¥200 T p s M ng e
r0 TO0 33
448 INISTII) = 100
1Y FONTINUE
IF (INTER.GT. 1) 680 10 400
WRITE (5426) (NUMBER(I)oSTATE(I) oIMONTH(T) «IOAY(T)oIYEAS([)oRaTR (]
1V TIVETT ) vEXPOSTIT S IDICT (LY sDOFEP (T JRDEEP (TP (T)s § = 1410)
26 FNORMaAT (1Rl 01 AsAR ol Xol20 0=t g 20%«? J (242 4Fn 2esFR.I0F Y, 243x0134F9
1.04F10.303%4F9,42?
a0 TO 0]
4NN WETITE (64827 (NUMBER(I) oSTATE (1) o IMONTH(I)oT0AY I o IYEAR(]) emaTE (]
1V oTIME(I) 9EXPOS(I) «IDIST(I) +DOFEP(]) «ROEBP(T)4R(I)s 1 = 14l0)
B ENRMAT IR e TS eI s e IR L2 Tt s T2 e s I 202K sF 5, 2+FR.39FY 2,3X4[3,2F
19.000x4F9,47)
471 RITE (8.27) PEAR., S, WBAR, RESULT, TOLE®

27 c0RwaT /1 782V 'P AVERAGE = 1 FB 8//70Ke'S = " GFR,//n2k4"'™ AVEw
1AGE = *.FB,(//=2X+"ABSIP AVERAGE) + 2SS = ".FB8,4//70Xs'L = ' FH.4//
22

FINTSH <z PASS
1F (RESULTGT.TOLER) FINISH=FAIL
«RITE (6428) FINISH
2R CORMAT (S2Xs'%sss®ananse YoAay Potesoranseny
i) = X(I7 & 1
IF (FINISH, 2.PASS) J(l)3Jd(l)e]
=0 TO 100 e . .
10 SEAD (Se38) (NUMBER(I) o IMONTH(I) o IDAY () o IYEAR (L) ¢RATE( ) oTume (i)
1.POSII)1+REF(T)ROEEPTLYy b = L, 100
16 FOSMAT (1S5¢312¢2FS.0¢T1sF8,04F10.0)
nn 921 I ® 11T
IF (NUMSER(I).LT.90000) GO TO 521
SR LT R T — S e e
NUMBER (L) = NUMBER(]) = 90090
521 CFONTINUE
nO 728 I = leln
728 TIME([) = TIME(I1/60,.0
cx = 1,01
“TEL{ TESY (RDEEP.CDEEPY D R T
wOITE (6,35)
15 FORMAT ((HI9X,"CATEUORY [, GAMMAY/)
IF (INTER < 3) 36+ 37 238
15 «CITE (8.39)
19 FORMAT (10X+"INTERVAL 29 30 = 100 ™REMv)
——————— T Y i R
17 WRITE (8.41)
41 FORMAT (10X "INTERVEL 3¢ 101 = 300 MREWY)
a0 TO &0
I8 wRITE (6,42)

L | 1029



a2

Tt e w0

sy

FORMAT (10Xs*INTERVAL &+ 301 = 104300 meEMr)
nty To s0 - —
IF (INTER.GT.1) GO T0 &6

FEAD (9438) (NUMBERTT) , IMONTNIT) s TORYTIT) , IVEARTTT s RETECT) JTIME (1],
11POS(I)+REF (1) +ROEEPII)y | = 1,10)

w903t % titr—— ——————— ———— —

TF (NUMBER(1),..T.90000) GO 71O S03

LAETE ST

— T —

NUMBER (L) = NUMBER(I) « 90000
roNTINUE Siioncntolaess
Y s |,33

CALL TEST (RDEEP.OODEEPY " - S
“RITE (B.aT)

BT FORMET O\ INT VIR TCATEGORY 115 WIGH=ENERGY X WEYYZ7TIOXVYENTERVAL 1

110 = R00 RaDv)

TF (NAME EQ,1) PROsORS — —
TF (NAME EQ.1) CESSOR=OKS

WRTTF (8,237 PROCESSORNUW, TYSE
WRITE (6448)

LR FORMAT TIO0X: YNBSS TECTNIGQUE T MFEY7/719X, FIRRA0TATTION OTSTANCE ¢ 100

-9

L)

Ll

520

&9

S0

52

Se

~0

1 Cwtyyn

«OTTF (8,89 CX

FORMAT (23x+'a0A. [RRAs 41X+ '0EEP ARSOWBED DOSEs Cx = *4Fe,2)
CRLL ANSWER (RNEEP,DDEFS 1)

X(2) = %(2) +

TF (FINISM,FQ.PESS) Jt212Jr27eT ; P E—

an_ To 100

“FAD (S+58) (NUMBER (1) o IMONTHMIT) o [DAY(T) o [YEAR(T) ,RATE )9 "IME(L) s
1TPOS(L) oREF (1) «RSMAL (L) sRUFEP(I)s [ = 1410)

FORMET (154312:2F5,04114F®,002F10,0)

PO S20 1 = 41N

TF (NUWSER(D) L T.Y00007 GO TO -1 4 amie v

rFODEIL) = 9,0

HUMBER(L) s NUNBEN(T) « Y0nrQ

FONT INUE

"0 TO (99:59,80e81)s INTER

e = | .26

COLL TESTresSwWaLsOSMRLYT—— ————~—~—

“QITF (8,5%0)

FORMAT (IM1+SX."CATEGORY [T, MIGH-ENERGY X SAYY//1 IRV INTERVAL 2
130 = J0u weEme)

IF (NAME EQ,]! PRO=0OXS

TF (NAME EQ.1l) CESSOR=0xS

wAITE (5.23) PRO,CELSSON,NUW, TYDE _

“RITFE (8452)

FORMAT (]10x,"'NAS TECHNIGUE MER*//1NR ' IRRA0IATION QISTANCE : 100
CoY 177 .

“OITE (8.%) Cx

COPMAT (23xs'[0RA. I9RAs *ol1Xe'SHALLOW DOSE EQUIVes CxX='4FS5,3)
CALL ANSWER [(RSHNAELOSMAL2Y STS— .

¥(2) = K(2) » |

IF (FINISM,FQ,Pa8S) Jt21=ur2yey

CALL TEST(RODEEPDOEEPRP)

wWOTITE (8,87)

TF (NAME EQ,L1) PRO=(OKS

TTF tNANE £, TT CESSOREOKRE T — - —

WRITE (9423) PROJCESSORsNUMTYRE

wRITE (8.%2)

wRITE (858, Cx

FARMAT (23x.v1ORA. ISQA. "o l1IXv*NEEP DOSE EGUIVALENTS Cx=v4FS,3;
CALL ANSwER (RDEEP,DDEEP,2)

T W BIRE W] el - T N
IF (FINISH,EQ.PASS) J(2)8y(2) e}

A0 T0 100 S~

ctx = 1,38

CALL TEST (SSHaLOSmAL)

1029



#RITE (6:56)
56 FORMAT (IW1+9X, "CATEGORY 1Ty MIGM=ENERGY X RAY!/7I0Xs*INTEQVAL 3,
1101 = 300 MREM+)
TF INAME.EQ.1) PROWOKE —  — == el s
TF (NAME ,EQ.1) CESSOR=0xS
- WRTTE (8:27) PROCESSORINUNTYRE B
wRITE (6,57
ST FORPMAT 110X YNBSS TECHNIGUE T MFGYZ7INX: TITRRADTATTON OTSTANCE ! 100
1 Cmr 22y
JOTTE (8,987 Cx ' ' R .
CALL ANSwER (RSHAL,OSHaL )
TRT2) 3 X(2y s T : g r
IF (FINISH,EQ.PASS) J(2)3J(2)+]
T CALL TEST (ROEEPODEEPT -
wRITF (8:56)
TF (Namg £Q.1) PRO=OXKS —  — : ) S
TF (NAME ,EQ.1) CESSOR=0KS
wRTTE (8,237 PROCESSORNUW; TYPE
wOITE (8,57
WETTE (8,5SST°CY T - i
CaLL ANSWER (RDEEP,DDEEP+2)
(2) = X2y & 1
IF (FINISH.FQ.PASS) JI(2)3J(2) e
-0 T0 |00
w1 t = | .28
CALL TEST (SSHALOSHAL! -
«RITE (8488
48 FORMAT (1M]1+9Xs"CATEGORY [[+ MIGH=ENFRGY X SAYV//Z1O0Rs TINTERVAL &4
1301 = 104000 mMagmMr)
IF (NAME,ENQ.1) PRO=2OKS
TF (NaME EQ.1) CESSOR=0kS
WETTE (8,237 PROGCESSOR I NUW; TYDE  — — —— ——
wRITE (heth)
44 FORMAT (10Y,"'NAS TECHNIQUE © MFG'//10X,"TRRA0TATION OISTANCE 100
| Cavyr27)
WOITE (8.%:;, Cx
CALL ANS«ER (RSHAL,DSMalL+2)
(27 = X(2Y &1 . .
IF (FINISH,FQ.PASS) J(2)8J(2)9)
Y 3 1,23
CALL TEST (RDEEP,ODEEP)
wBITE (8.65)
TF (NAME EQ,.|) PRO=0OKS
TF (NAWE . EQ. 1) CESSORSORE e i
“RITE (5423) PROLCESSORINUM,TYRE
«SITE (5,86
wHITE (8,58) Cx
CALL ANSWER (RDEEP.DDEEP+2)
¥(2) 3 K(2) o
TF TR INTSH, FO . PASST JTZIeJTars | — = o
%0 To 100
3 READ (S+58) lnnna!n(r).I-OMru(ronDAVtx).tvEAa(rx.wl?ttr).rxxrxx,.
IPOS(I)+REF () JRSMAL (L) oROEEP([) 0 I = 1410
nN Soa T = 1.ln
IF (NUMBER([)«LTe70000) GO TO SQe
TEODEITY & 9,0 ; A e e g
MUMHER ([) = NUVRER(]) -« 90000

Sne  roONTINUE

IF (INTER.GT.1) GO TO »8
Y = 3,8
CALL TEST (~SmaLsDS=aAL)

T weITE (B.8TY

&7 FORMAT (1M1 +9X4*CATEGORY Il+ LOW=ENERGY X HAYY//10Ke INTENVAL 1o
1150 « 300 wwgw' B
TF (NAME EQ.]1) PRO=OKS
TF (NaAME EQ.1) CESSOR=NKA




wRITE (8.2)) "OQC(SSOQONUGOTV’(

R ML L . [ . . ’
A9 FORMAT (10Xs'NAS T!Cnuroul ] L-C'IIIOIo'llQADl‘TION OISTANCE ¢ 200
- U DRy e — T

weEITE (6,58 Cx
CALL ANSWER (RSMAL,OSMALT! i Enaa
¥13) = K(3) + )
T IR TR INTSHL EQ . PRSST JrITSITITIT -
cy = 0,25%
CALL TEST (ROCEPODEEPY - T P
«RITE (H.67)
TF (NawE £Q.1) PROZOKS e e e
TF (NAME EQ.l) CESSOR=OKS
VRTTE 9,237 PROCESSORINUNYTYRPE-
wRITE (8,:89)
WOITE (8,98 Cx - B veA A - P
CALL ANSeER ('DC('.DD([..Z)
t3r s #c3y ot - e
1F «rl~KSN.F0.DASS) J(3)mJi3) e
AT ) N———— -
AR Y o= .81
caLL TEST reSmaL.OswaLy
wRITE (5,70)
7O FOPMAT (IM]1+9X.*CATEGOSY ITIs LOWSENERGY X QAYY/710XKe*INTENVAL 2.
1301 « 10,000 MoFme)
TF INEWE . EQ. 1T PRORORY  — o e
TF (NAME EQ.1) CESSOR=NKH
wRITE (5423) PROCESSORNUN, TYRE
CRITE (me89)
WOITE (8+%&) Cx
FALL ANSwER <9S~AL.DS~AL-2|
13T 2 X337 & 1 S
IF (FINISH,EG.PASS) Jl:)nJ«Jtol
rY s 0,29
CaLL TEST (WDEEP,UDEEPR)
“RITE (8,701 -
TF  NAME EQ.]1) PROs=0KkA
TP INAME . ET 1T CESSOREORE———— ~— —— e e
«RITE (85423) PROJCESSORsNUM, TYRE
WOLITE (8,89 "
wWITFE (8,58) Cx
CALL ANSWER (RNEERP,DDEFD2)
¥“(3) = X(3) « |
T (P INIS, CQ. PASST JtITeITITOT — ~—— - T
~n Tn 100
4 ~FAD (%11 (INUMBER () o IMONTM T ) o DAY (T) o IYEAR(T) oRATECT) o TIME (L) o
1°S=ALI(I)s I = 14100
11 FORWAT (1S:312:2F95.0,F10.0)
Ny §0S I # 1.10
F (INUMSER(TT.(T.Y0000) GO TO S0 —— ——— TR Y
FA0E(L) s 340
MUMBSEP (1) = NUMRER(T) - 90000 -5
Y18 AONTINUE
Y = n,946%
CALL TEST (<Smal0SmaL)
B2 L L D A i e
wOITE (8,71
71 FORMAT (IMI+9X,"CATEGORY [V, BETAY//10K, "INTEIVAL s 190 = 300 MRE
100

N T0 78

T2 «RITE (n,7s)

TE FORWAT (IRT+9XSTCATEGORY IV BFTEYZ/T0 Y VINTERVAL 2% 30T = 104000
IMBEMY)

TS O TF (NAME.EQ.!) PRO=:0XS
TF (NAME EQ,1) CESSOR=0x3
WRITE (85423) POO,CESSOR «NUM, TYPE




wRITE (8,73) -
T3 FORMAT (10X TSOURCE : STRONTIUN=90Y//10X, "IRRADTATION VISTANCE : 3
1S Covs277)
“BITE (6,547 Cx— — ' Sy Aiihrasne
CALL ANSwER (RSMAL,OSHAL2)
B R o e e e e e ettt ——
TF (FINISH.EQ.PASS) Jla)aJ(a)e)
RN TTD OI00 -
S ©oEaD (S+21) (NUMBER (1) o IMONTH(T) o IDAY(T) o IYEAR(L) sRATE () s TIME(L) o
1IPAS 1) o IDIST(I) WREF (I +ROFEP(ITs I = 1,10) -
N Soe I = 1410
TF (NUMRER(T).LT.90000) GU TO SO& ) L
’00((!) s °.°
WUMBERTIY & NUVBERTIT = 90700 - "
§76 ~ONTINUE
CALL TEST (WDEEP,ODEEP) e
IF (INTER.GT41l) GO TO 99
“OITE (8.TTT e e St -
TT  FORMAT (1M1+9Xs'CATEGORY Vo NEUTRON® //)10X s INTERVAL 1o 100 = 300 ™~
1wy ' e e =

99 WRTITE (8,.,810) e =
40 FORMAT (|M]+9X4'CATEGORY V. N(ufﬂON'lIleo'IN'EHVAL 2y 301 = 54000
1 wofwr)
TR TF (NAME EG.1) PRO=0KS
TF (INAME . EN,1T CESSORTOKS -
wRITE (84e23) PROWCESSOR s NUMTYRE
#2ITE (5.79)
TS FORMAT (10xe'SOURCE 3 cALlronuxunozszv//xo:.v[oa.oxaf[uu JIsTanCe
1t SHNUN =ELN&G"77)
LRSS (5:81)
A1 FNRMET (10X 'NOTE r DELIVERED NOSE ENUTVALENT INCLUOES THE'/|7X, 'R
1AN% RETURN (SCATVER) CORRECTION FACTCR'/|7X'SHOWN BELVw'///)
“wEITE (KR.87)
43 FORvaT (23Xx.'00SE EQ. LRRa, [RRAL "+ |1Sxs'0FFP DOSE EWUlyaLENnTY)
“BTTF (8.R4)
A4 cORMAT ([X4'DOSIETER OATE' s 7R 'RATE TIYE 0DIST, SCATTEw (V]
1RV, REPARY v — e -
weITF (8,8%)
A8 FOCMAT (2X,'NUVSER [3RADTATED (MEEM/MINT (MIN) (CW) CoefFe {
M E ) (MGE ™) P2 (H®am) /mr /)
NG AK T = .10 .
CSTATF(I) = Nk
TF (CDE(T).EQ.F.07 STATEt I avy I — — - e
an  ~ONTINUE
“ROITF (.87 (MU'.E'(!!osflftrr)OXUONYh(r)-tOlv(I)oIVEGD(l)odAYEuI
;.rxuzcl)otvlsr¢X).ExPos(l».DOFEP(x).anceD((n.atx). I = 1,10)
A7 FORwaAT (ll.!SoIlolboIl.tt"-'012-'-'otZ.}!.fb.?ofﬂ.Io13.75.304'9.u
JAXSFY /) -
TOLER & IS, 0/SaRT IHEARY —~— e e e
TF (TOLER.LT40,5) TOLERsD.s
#PITE (5.27) PYARSIHBARWNESULT, TOLER
FInISm = Pass
TF (OFSULT,GT.TOLER) FINTSHzFATL
«RITE (Bs2R) FINISH
w18 s K(S] ¢« 1 o i = B
IF (FINISH.F2.PASS) JI(S)=y(S)e]
~H Yo 100
& =~EAD (S+38) (nunltatli.x~0~rn(r)-lonv«x).[vcaa(l).na?[tx;.rtnezzx.
LIPNS(I)«REF(I)s I = 1o10Y
AR  FORMAT (1S5+312¢2FS,04114F8,0)
SEAD (Se207 NCATVINTERPRU, CESSORVRUU, TYPE™
EFA0 (5+58) (NU‘I(X)oJ”ON'N(I)oJDAV([).JVEAE(I).DAY(i)'YI“(Z)-JFUS
11T) o CLOMTY JRSHAL(T) sROFEPTT) s T ® 15107
"Ny S07 [ = el
TF (NUMBER([)4LT.90000) GU TO S08

—




518

sy

CNDE(!) = 9,0

VISR LT NNERTT) S g e 4
TE INUMX(D).LT.90000) 530 TO S07
N WGy
NUMK(T) = NUMX(L) = 90000
roNTINUE —— —
nO 726 [ = 1el0

TR TINEIT) W TINETIY IR T -

oe
31
%2
11
3

112
110

EL}

172«
127

129
128
128

37

qR

11

142

RO Tt V92 YT

cx = |.0])
CELL TEST (ROEEPOOCEPY " S ——
wAITE (5.94)
FORWAT CIM1+9X, *CATEGORY VI GaAMME COMPONENT Y J2X,YPAGE | OF 34,23
1¥s"OF GAmMA PLUS MIGH=ENERGY X RAY?/)
“INTE—

wRITE (8,95%)

FORMAT (10X YINTERVAL 15 90 = 100 MREMY] —
0 To 110

WRTTE tAsLTTYr S .
FOPMAT (10xe*INTERVAL 24 10} = 300 MogEwr)

"TTOIIY o T T I Na R
wOITE (8.l12)

FORMAT (10X, *INTERVAL T4 301 = 10,700 werwr)

TF (NA™E EQ,]l) PRO=20xA

TF INaME EN,)) CESSOR=OwS

wWOITE (8423) PI0CESSORsNUyTYRE

JEITE (8,987 e i -

FORMAT (10Xe'SOURCE : COBA| Tes) [ReantaTaRY 2 /)
"0 TO (126412941291, InuTER

el TE (ael27)

FNRMAT (10xe*I2PaDiaATION OISTANCE : 209 cwvsr77)
0 To 128

WOTTE te.l2%y mauta -

FOARMAT (10xs*[RRADIATION DISTANCE : 100 CMY 27729

«EITE (5.97Y

FORMAT (S7x+'DELIVERED DOSE EQUIVALENT 4 /2Axst1RRA, IN=a."920Ks
1ISHALLOW? 48X, 'NEEPT)

#OITE (»,98) Cxy CX

FORMAT (1X,*DOSIMETER DATEY 49X "74TF TIME — EAROSURE ' s9L,
1902t Fa 2,0 CamioyFa,l)

“HITE (84101

FOGMAT (2X4 'NUMRENW [R~ANTATED VT T (%IN) (Mw) P92k
1ot (vMREW) (MREM) Y /)

P 102 I = L]0

STATE(I) = 0K e e et e e

TF (CODE([)+EQ.940) STATE([)avnlD

AONT INUE

wRITE (8,103) (NU“DEﬂ(l)oStAYC(I)ol'nuTntl!.IOAV(x).lvzau<x;.uavg(
|rv.rxvtfxv.tx-nsrtx.00t5'|r1-out!rt!). I =2 11y

FARMAT (llo'SOIIO‘.OZ‘ltZO'-'O[20""IZ'OIQ‘Q.EQ’xOQJQFlQQZOSIon.
1N04XoFT.0/) B - . . St s

wRITF (B.107)

FORMAT (IM1+9X.'CATEGORY VI, X RAY COMPONENT ", 13X, "PAGE 2 OF 3v/23
LYo 'OF Gawma PLUS MIGH=ENERGY X RAY?/)

"0 TO (108,105,100), INTER

«RITE (85,99)

CYSHAL = 1,24 ' =~ ' ——

~YDEE® = | 2%

2N ™ 113

wwITE (8.111)

FYSwaL = 1,38

raNEEP = 1,38

20 T 113 B —— = SR

“2ITe (Bel]l2)

FYSHAL = 1,29 v

~tDEES = | ,23

FX = CXSmaL




no 109 1 = |10
CATE(I) = RATITIY e - i B ey sy o . . f
TIME(L) = TIM(D)
YT T B
IF (CODE(1).EQ.9.0) STaTE(])=vnI0
179 s s e s Lk A ettt R SR ki
CALL TEST (RSHALOSHALX)
——— y
CaLL TFST (RDEEP,ODEEPX)
TF INAME . EQ.17 PROSOKE ~ — e e
1F (NAME.EQ.l) CESSOR=0x8
WOTTE (89:237 PROGCESSOR yNUN, TYRPE ; i S
AN TO (129+4130+131) 9 INTER
TP WRTTE (8, 132 A e
132 FORMAT (1Cte"%BS TECHNIQUE : WFr'//)
20 To 198 : ) | e
130 «RITF (84133)
133 FORMAT (10X, "NBS TECHNIGUE © WFG*//)
~NH T0 104
19T GRTTF (8.17&T 3 i T
134 FORMAT (10xes*NBS TECHNIQUE : MFG'//)
I8 WRTTE (8.1357T - A
135 F0BMAT (10x+*IQRADIATION OISTANCE : 100 CM*////)
SRITE (0,97 o
“OITE (5+498) CxSwALs CxDEEP
I I S LY e s e i ——
WRITF (64103) (NUMX(T) oSTATE (1) o UMONT = (1) oUDAY(I) e JYEAR(]) o mATE (
1T)eT2 ‘(IloElPﬂfrlloOSHlLlft)oﬂDEE’llI)o I =110
NN "9 [ = 1.10
NEWAL (L) = DDEEPCILl) & DSHMALX(I)
RPFER(I) = DOEEP(I) o nnEEPx(])
TF INUNBERTTT.EQeNUNKTTIT GO TO 89— — = e
wSITE (5490) NCATs INTER
30 FORMAT (1H1+4X."WARNING ®%8 DOSIMETED NUMBESS [N CATEGURY "elle? I
IVTERVAL *o11//717Xe*D0 NOT waTCw SETWEEN THE Tun RA0IATION SOURCES
2USEDY
“0 T0 100
I L b . | e
Y 8 8,0
CALL TEST (SSHALCSWAL)
TOLER = |5,0/SQRT (#BAR)
TF (TOLER LT.0,5) TOLER=0.%
" lle I = el
b de %0 TSR B . . i | e e y o L
FXPOS(]) = RSma ()
114 OFF(T} = BP(])
SAVG = PRAR
CAVG = S
~AVG = ~RAR
GAMEFS = RESULCY S R T
AAMTOL = TOLER
AAMFIN = PASS . T
IF (RESULT.GTL.TOLER) GawFInsFalL

Y s 4,0 e
CaLL TEST (wDEEP.DDEEP)
TOLER = |S,)/SORTIHBAR) R

IF (TOLER.LT.0,5) TOLE9=0.5
FINISH = PASS
IF (OFSULT.GT.TOLER) FINISHsFAIL
«RITE (8,11%)
L1S FOPMAT (1M]+9X4*CATEGORY VI, TOTAL OF GAwmMA PLUS 1 RAY',22X4'PAGE
13 v 3v/7 A e
A0 TO (11841174118)4 INTER
116 weITE (8,9%) :
an 10 119
117 eRITF (del1 1)




118
119

120

"0 To 11e

WOTTE 18,7127 ——
[F (NAME .EQ.1) PRO=OKS
TF INANE . EQU.17 CESSORORS"

“RITE (8,23) PR™ CESSORNUM, TYPE

WETTE (651207 3
CORMAT (2277180 TOTAL SHALLOW DUSE tnuxvauent-orx.°onAL DEEP 0DOS

T Y ENUTVALENT Y 7 X TOOS TRE TERY S8 X s YOEL TVERED REPORTED Y+ 10X "DELIVERE

20 REPORTEDY /4K, 'NUMBERY 3 L0x s * (MREM) (MREM) n-|~0-ﬂil~v.1l.'(~nz

TRy (MREW] P ([He*RT /MY 77T

121

wRITE (8,121) (NU..(Q(I)0’7.7!(!)0?!‘((!)9!!’03(1)0!("!)'OOE!’(I)
TIRNEERtITyeThYy e vTor
FORMAT (aXoISelXeAasSAFT0s2R4FT,002X 0'90007!0"..02!0!’7.00210'9-

122

123

TTTTTTTTTTALTIV W ROUFED

[ 8

117

119

140
179

RE T AL

WRITF (8,122) Dnvoovlhno!lvoos.nhvooulAa.onnntso!t!utt-oanYOLoYOtE
re — ot Ao it i

FORMAT (//7/728X4'P AVERAGE mvsFA 8y 22s'P AVERAGE ' +FB.a//36%4'S =
TP ey 20t S = F R A7 728R v aVERAOE =7 PR 12X " AYVERAGE =7 ,F8
2.17713%0'ARS (P AVERAGE) * 25 = ,FR #,2X,'A8S (P AVERAGE) « 25 =',F@
B P 2 e hdemn Al 2 r i r4 r Bgun A0l g L 7o e mmmmm—
«RAITE (6,123) GAMFIN, FINISH

FORMAT (1TAYTo0eeP®eeete® P . A4TT St veesess’ O, Teevetgevsw LEY 1 )
| Sasssssstem)

wiA) = K18y ® T eat

IF (FINISH.EQ.PASS) Jis)I=J(6)e)

TIF tGEMFIN ET.PASSYT JTRTRITEYST T

a0 TO 190

SFAD (SRR (NUMBERTTT s IMONTHITT o IDAYIT) o IVEAR(TT RATEIT) o TIME(]) o
1IPAS(IIREF(]I)e 1 = 1010)

SEAD (S+20) NCAT,INTER.PRO,CESSORNUV; TYPE

AFAD (Sel8]1) (NUME (L) s JMONTH (L) o DAY ([) o YE AR oRAT(T) ,TIMI]) s"SH

TITs T 15107

FORAMAT (1S5,31242F5, o.zrlo.on

" SO T e INI T T 3
TF (NUMBER(I) .LT.90000) 60 70 510

PRI TGy T

NUMBER(L) = NUMBER(I) - S0p00
T tNUMXTTT LT, 90000 50 TSy s e
"'\DE(“ s 5.0

NUMX[TT & NUMXTTY = 9000

rONT INUE

nY 2T I Lato ———

TIME(]) = TIME([)/60.0

YT s— " —
raLL TEST (RDEEP.DDEEP)

TALER = 1S, 0/SORTI(HBARY

IF (TOLERLT40,5) TOLER=0.5

DAVG = PRAR e et ol e -

SAVG = S

~AVG = WBAS — - P
GAMRES = RESULT

GAMTOL = TOLER —
ARAMFIN = PaASS

IF (RESULT.GT.TOLERT GAMFINSFATL ' T

«RITE (Hs138)

FORMAY TTHIWSX,YCATEGORY VITs GANNA CONPONENT Y, «YPRGE 1 OF 3772
JaXe'OF BETA PLUS GAMMAY /)

IF (INTER.GT.1) GO TO 139 e S

«RITE (8,137

FORMAT (10X "INTERVAL 1+ 200 = 300 WREMY)

20 Y0 138

WETTE (8, T80T e i
FORMAT (10X INTERVAL 2+ 301 = 104000 mpEMY)

TF INANE EQ.1) PRO®OKRE .

IF (NAME . EQ.1) CESSOR=0OXS

wRITE (8423) PROJCESSCRINUM,TYPE

U4 7



WRITE (5498)
R M R e 7
TF (NCAT,NE.B) CO TO 197
GRITE (8,17ST a e
178 FORMAT (10Xs*NOTE : DELIVERED DOSE EQUIVALENT INCLUDES A GAMMA=RAY
TY/T7TX."CONTRIBUTION FRON TWE CF=2%92 SOURCE EQUAL TO'717X,"7.033 PE
PRCENT OF TwWE NEUTRON DOSE EQUIVALENT'/,/)
197 WOTTE (67977 o
wS[TE (5498) Cxs Cx
s AL F L e et fns
NO 1S« [ = 1,10

OI) s BN e —— ———
STATE(]) = Ox
T ICODETTY L EUL T 0T STATECTTSVNTD -

154 r~ONTINUE
WRTTE (541037 (NGMBER(T7 +STATEITY s ITMONTRTIT  TOAY IV s IYEARIT) JRATE(
LIV o TIME(T) SEAPOS(L) +DOFEP (1) +ODEERP(I) e [ = 1ei0)
™ NCET R0 8T S0 TO 188 o
wRITFE (8.162)
142 FORMAT TIRT X YCATEGURY “ 1T SETA CONPONENTT,; IZX"PAGE 2 OF 3'/24
19+ *0F BETA PLUS GAMMA'/)
IF (INTER.GT.1) GO TO 143 o
“31TE (8,137
=N TO les e " .

143 wOITZ (Asled)

146 TF (NAVE . EQ,1) PROsOXE ~— —
1F (MAMELEQel) CESSOR3NKE
«RTTF (5.23) POQCESSOR«NUN, TYPE
W9ITF (8,7
FY o2 0,944
"N 1eT I = loln
BATETYIY » QATTIYT o -~
TIME(]) = TIM(D)
SPF(T) = 0,0 g g - N
CSTATE(I) = 0K
TF (CNDE(T).EQ,9.0) STATE(T)=2vATID

le7 rONTINUE

' O TRy TN SRR T e e e —————

wOITE (8,97
w2 [TF (H6,146)

166 FIRMAT (1 X, 'D0SIMETER 4SAv'0ATE *eBX o 1RATEY 7R TIMEY 034, 148%. OUSE
1"Qlo‘cxl.QOOs’.0‘0'Clicooor/ZXQ'NU"Eﬂ'o‘l.'rﬂaloflrtu’o]lo'(”HID
PA/MINI Pl Mot (MIN) 082, " (MMAD) Y9 ] [ A0t (MAEM) P yaX,t (MREM) 1/ /)

WATTF (6,10737 NUMX (T S TATE (IT s JMONTR T T s JORY TTI T IYEAR () o HATE (

LTYoTIME(L) oECPAS(L) oOSHAL(T) oREF(I)s I = 1410)

NN 148 1 s .10 T——

ASHAL () = DSHAL(IY « nDEEP(D)

TF (NUMRER(T).,FQ. " JVX(T)] GO TO lsa

wRITE (5.99) NCAT [NTER

A0YOt09T T
148 rFONTINUE

rY = 6,0 o F——

CALL TESY (=SHALOSHAL)

TOLER = 1S, 0/SORT(HBAR) - —

1F (TOLER.LT.0.5) TOLED=0.%

FINTSH = PassS g - h o

TF (RESULT.GT.TOLER) FINISH=FLIL

w3ITF (6+1a3)

1649 FORMAT (IM1+9Xy'CATEGORY VI[s TOTAL OF BETA PLUS GAMMA® (23X, 'PAGE

13 aF 3/ )
IF (INTER.GT.1) GO TO 150
<BITE (6,17 ' o
A0 TO 1S1
IS0 «2TITF (6.14N0T7 o SRR e —— e e
181 IF (NAME EQ,]l) PRO=20Kx8
TF (NAMEEQ.l) CESSOR=0K8

o —



L)

WRITE (64,123) FINISH, GAMFIN

“RITE (8,23) PROJCESSORNUM, TYPE

o 0 R e e - y
wR[TE (6,121 tuunctl(t)oSYA?!(lloDSnaL(x).-s-aL(x).Pcl).ooctP I
IRDFEPITIPPIIYs T = Isl0T — 5

-llft (O0122’ CRAR, Davoss-snvo.n.Al.uavo.nrquLY.GanntsoroLtnoeauro
1 L

Yy v
IF (FINISH,EQ.PASS) JI(T)3J(T) e}
IF (GAMFIN,EQG.PASS) JtTI=Jr7rer ' i D
=0 T0 100
BESD (9eA8) (NUMBER(T) (IMONTMIT) s IDAY () o IYEQR (T JRATELTT 4 TINE(] ),
11POS(I)+REF(I)s [ = 1o10)

T SEED 194207 NCETI INTER PROTCESSORINUNGTYRE

512

St

173
10

151

1+3

182
144

145%
1&8

147
188

131

SEAD (S+21) (~u~x(x».auontntx).aoavtxl-quAi(x).aar(l)ovxncx)-avos
T(TY S IDISTITiCLOTTT sROFEPIT) s I & [410)

nt S11 L o= lel0

TF (NUMBER(T7.LT,.900007 SO TO S12 s

FODE(T) = 9.0

CNUMBERTTY & NUWBERTTY = 99000 = R

1% (NUMK (D). LT, 90000» oo To s11

ANDE(TY = 9,0 - i

NUMK (L) = NUMXII) = 90900

rONTINUE

ry s 1,01

ney IQU‘T‘I’T;TW g R ——— T e T
TIME(]) = TIME(I)/80,0

FYPOS(]) = RATF(l)eTIwr(])

ARFER (L) a EXPAS(1)IeCX o 0,07033®RAT([)eTIv(])

*NEL = VDEEPI(])

NEL = IDEL

"tff s DOFEP (LY & XDEL T
e irT ST eueS) SO TC 173

“"E!’(tl = XDEL

20 T0 leo

AREEP(T) = JOEL ¢ [.0

FONT INUE

M P e et e s hi et
FORMAT (1M1 9K 'CATEGORY VTI[Ie GAMMA L MPONENT Y JI2Xe'PAGE | OF 3t/
125X 10F NEUTRON PLUS GAM4A/)

IF (INTER,GT.1) GO TO 1ed

“OITE (8.1567)

FNRMAT (10:.'tnr£HvAL iy LS80 = 300 MoEmt)

a0 TO 134 -

wRITE (Belbe,

FORMAT (10X VINTERVAL 29 301 = Se0A0 Magur)

n0 70 138

wEITE (8,145)

FORMAT (1M1 +9X+'CATEGO®Y VI1le NEUTRON conﬂﬂwﬂ~r'.301o'959£ 2 OF 3
1+ /725X, '0F NEUTRON PLUS GAMMATY/|

IF (INTER.,GT,1) GO TO 167

“OITF (8.163) -

"0 TO 18

«OITE (8,166)

1F (NAME ,EQ,]1) PRO=0OxS8

YF (NAME .EQ.I) CESSOR®=OX® IPNER

wRITE (8423) PROJCESSORINUM, TYRE

wITITF (8,79

wRITF (8,8])

"M 191 I = 1,10

SATE(l) = RATI(])

TIVETTY & YINTYY el e

STATE(]l) = Ox

IF (CODE(T).EQ.9.0) STATE!I)=2VAID

FONT INVE

Yy = 34,0




CaLL TEST (RDEEPDDEEPX)
oRITE Toi g . - /
IAS FORSAT (23X4000SE €Q. IAKA. I8RAL%s1exs'OELIVERED DOSE EQULVALENT
10113-000313!7!""‘Uth'o?Y?VWIYt“—’-rrug'-oxsf. SCATTER T ,3x, ' ShaL
21 0w DEEPY)
VIt ity e e e e et
170 FOSMAT (2X, 'NUMBER IRRADTATED (MREM/MIN) (MIN) (CM) CoFutsl2ns
TV IeRENY autb 4

-7
wRITE (84172) ‘~U~I([}OSTAY(([)OJ.ONYN‘K)oJDlV(lloJthﬂll)oﬂlY(l
1) TTM (D) o INTST(T) vEXPOS (1) JODEEPX (T ,ODEER (I1, [ = 1,10)
172 FORMAT (1Xe1Ss1X0A00lRel200=001200=0012,3K0F0.3+F 9030 154F 80308k, 2F
19,07) - ATy S
"0 183 I = 1,10
T AMEEPTIT ¥ UDEEPTIT S MOLERRTL) —————— ———
[F (NUMRER (D) JEQ.NUMX(T)) GO TO 183

WRTTE (85,907 NCAT+INTER —  — PR
%0 TOo 170

123 AONTINUE b i -t g - e atishaiben
2 = 4,0

- CALL TEST [ROEEY,0DFEEPY - e atiepayao
TOLER = 15,1/SORT(HBAR)
TF (TOLERWLT.0.5) TOLER®0.%
FINISH = Pass
TF (PESULT.GT,TOLER) FINISH = FAlL
“EITE (melom)
138  FORYAT (TH1+9X"CATEGOSY VIII, NEUTRON PLUS Gawwa ! 29X39PAGE 3 OF
1322
IF (INTERLGT.1) GO TO 176
«2[TF (KR.led)
0D T0 1Y
176 wOITF (B4lha)
177 &OTTF (h.17TRAT—
178 FORWAT (s2
TF (NAME EQ.1) PRO=20KS
TF (NAME . EQ,]1) CESSORanxSE
“ATTE (ae27) PROJCESSORINUM, TYRE
“BITE (me179)
179 rFoousT (77/23X.YTOTAL NEEP DOSF EQU{V[LE’[Yv/In(.vgosxnmr.".'oz
1" TVERED BCDH&Y{D'/l11.'~u~=EQ'.121.'(~9£~) (MUEM) Palweem)/Hr//)
«AITF (h,]140) 'NU'BEBKY)oSTATE(tl-*OGEP(Ilo°0€r°(I).Pll). [=Is10)
130 rFoORuay ll1l-!so1:-:..0:.'7.0.2-.rr.o.ax.ro../,
*BITE (A.141) PHAR,SIHRARIBESUL T TALER
1381 FNR“AT (s/736X,.'P AVERAGE TVFR LN/ /000,08 ZVeFR,4//30K0 1M AVEHAGE
1= Fa,T//260,7a85(P AVERAGE) & 25 @V FR,a778%1, 'L L Voo
“OITE (5.182) FInISH
182 FNPMAT (FRX,"esssvssanss TS, esesedanesr)
¥(8) 3 K(8) o |
TF (FINISH . FQ.PASST JIRTEJ(8Y T
=0 T0 100

P i o e s i s S e - s e ———




22

e

S1

€2

sS4

Lk |
50

n

il
12

"

1M

16

23

SURROUTINE TEST (WREPLDE.)

FOMMON TYPE NCATIREFTIDT +FINISHCODETTO)
COMMON RATE(LO)+TIME(10)+ExPOS(10) 4P (10) 4CRIRFSULT+PBAR ,~BARS

COMMON NUMBES (107 s ITWONTHI 0T s TOAYTIOY s TYFARTION s TPOSTIV) L [OIST(10)

NIMENSION REP(10)+DEL(10)

SEAL 3 ALBREDO.TYPE
NATA ALSEDO/*ALBEQOD '/

TDEL = 0,0 o :

e = 0,0
NENOW 3 16,0 TN e
IF (Cx.EQeb.0) GO TO S

TF (CYL,EQLR,0Y GO TO 2% in
nn 22 1 s 110

FIPOSI(TT = RAT(TVSTIWE (1T
NELIL) = ExPOSII)®Cx

TF (NCAT,NE.S) GO TO S0

1F (TYPE,EQ.ALREDO) GO TO 5]

S B U R —" it o—
PFIOO - l.ﬂb

N TO S2

rfS0 = 1,0s

rF100 = 1,17

AN S3 T = 1.0

IF (INIST(IT.ER.100) GO TU S&
FPOS([) = CFSN

AEL(T) = RATE(I)®TIME(T) ®CFSO
N Yo 83

REL(T) = TATE(T)®TIWE(T)*CF1B0D
FYPOS(I) = cFlno

AONTINUE N T S -
ala) 3‘ l = 1.10

(1) = 0,0

TNEL = DELILD)

«NEL = IDEL

NIFF = DEL(I) = «DEL

{F INIFF < 0.5V 30, 30, 3T
NELITY = XNEL

=0 TH 32

NELIT) = XNEL ¢ 1le0

IF (NEL(T) EJ.0.07 GO YO Tn
(1) = (REP(]) = VEL(Iy)IZ0ELID)

TF TCNOETIT.LT. 9.0 GO TO 33— ———~
NENOM = DENOM « 1.0

~0 T 3s

TREL = TDEL +» NELLD)

TO 3 TP & PtD)

FONT INUE

DRAF = TR/DENOV R N—
=947 = TOEL /DENOM

=MD = 0,0

"M 23 1 = 1010

TF (CNDE(1) ,EB.9.0)7 GO TO 23

“OLD = =~OLD * (P(l) = PHAN)ee?2

“oNTYNGE TG

S = SQRT(HOLO/(DENOM = [,0y)
PESULT = APS(PRAR) « 2,0°S
ETUR Y

FND




<3

2
€1
4
21

LS
23

|

0

&7

———— - —— e e -

SUBROUTINE aNSwER (REP,DEL+W) /
COVWMON TYPENCAT REF(I0V+PINISH.CODETTOY — r
COMMON RATE(LO) o TIME(10)+EXPOS(10)4P(10) «CAIRESULT+PBAR,HBARSS
COVWMON NUMRER(IOT s IMONTHII0) s TOAY TIO) s TYFARTIO) + IPOSIIOY L IDLISTILIO)
NIMENSION NEL(10)+REP(10)»STATE (L)

REAL 99 TYRE
NaTA onssz-nnsso/.rAxL,-ra:;-/.voxo/ovoxo'/.o-/- & 4

TF (NCAT.NE.3) GO TO 22 s

wRITE (8,52)

FORMAT (X ' O0SIMETERY A XV I DATE Y s "RATE P S TX I TINE vy SR, vOOSE* 5K,
1'NELIVL "« IX'REPORT )

WeTTE a9y e
FORMAT (2X,"NUMBER IGRADTATED (MRAD/M) (MIN) T 3xet (MAEM) (MeE
Tey (MREMY R (MOSHI /MY LY Rl

TOLER = 1S,0/SART (m84R)

TF (TOLER,LT.0,9F TOLER=OwS - ey

20 To 23

WATTE (8,917 s - .
FrRwar (llo'DO<I~£TEQ'.QIOODAY£‘.Qlo'ﬂif".jlo'f!“( ExPOSURE "y 3
1."NELTV,. QEPART . YT

20 TO (202109 N

TALFD = 0,3

ww[TF (Bsbs)

FORMAT (2X, "NUVRER ~ IDRAOTATED (R/MTINT ~ (VIN) [RT Y &X Y (RAD)
1 (RaD) Pz (mear) /M /)
N TH 23

TOLER = 15,0/S0RT (ma4AR)

TF (TOLFRLT.0,S) TOLED=20,.%

W ITF 1H.85)

FORVMAT (27X, "NUVEER ~ [ORAUTATED (ME/uINT (9TN] (MR T, SX; T IMREM)
1 (MREwm) O (me=m)/nry/)

AN 10T = 1410

STaTF(]) = Ok

TF (CROE(]).EQ.,9.07 STaTE(T =V 1D

~ONTINUE

=0 T0 (30317 W P - S 2 e L

“PITE (6.10) (NU‘HEJ(I)oSYAYE(L)oI our-«x).xU.v(x).xvgne|X).dnre¢1
IV eTIMELL) sEXYPOS(IT4DELTI)IREPTTI 0P (L) e T = 141%)

EORMAT (1A ISl XoARolRal290 =t 0 20 %=t [ 241 R4FT,24FAc3eFY,2:FF.09F 10U
1.3:3x4F9 .4

~n TH 32

FITE (.11 rnu-utvrtras?tftrrvirvou?urrrara:vrrtirvt'wfrxonafs(x
TV eTIMECL) sEXPOS (L) oDEL(I) 9REPLIIIP(I)s [ = Joln)

CORMLTY fIl.!Soll-l‘oll.tZo'-'orl-'-'oIZo1l.rT.P.fG.JoFV.ZoZ?9.0c~l
!.‘Q../)

“ATIE (H,17) PRAR:SIHBIR . NFSULTTOLE®R

FORMAT (//7/56X4'P AVERAGE = ' 4FR,8//ht 1S = + ,FA _4//S0x,"'" AVE=AG
IF = VWFa,1//460VABS (P AVENAGE] & 25 = V,F3,4//64Ks'0 T ¥ FB.&//)
cINISH = PaASS

TF (PESULT,GT.TOLER) FINISH=FATIL i

wRITEF (6457) FINIOH

'0"‘7 (.71.!.’..'0..... '.‘Q.' .......Q..') i

R e e e ———




PERSONAL._DOSIMETRY PERFORMANCE TESTING
3 a PILOT STuoy

SPONSORED BY :
UeSe NUCLEAR REGULATORY COMMISSION

CONDUCTED 8Y :
NEPT, OF ENVIRONMENTAL AND INDUSTRIaL mEALTH
SCHOOL OF PUBLIC ~EALTw
UNIVERSITY OF MICHIGAN
ANN ANGQRe MICHIGAN

ssecee®ose RESYULTS OF TEST 22 neascsccacee

NAME § NUMBER
OMITTED

PROCESSOR NAME
PROCESSOR CQOE NO, :

TYPE OF UOSIMETER : FILM



TOR EACH DOSIMETER. A PERFORMANCE INDEX 1S CALCULATED BY @

P = (H® = W)/H

WHERE ! W = DELIVERED QUaNTITY
H® = PEPORTED QUANTITY

FAR EACH DEPTH OF EACH INTERVAL OF A CATEGORYs AN AVERAGE PERFORMANCE

InDEXy (P AVERAGE)s AND ITS STANDARD DEVIATIONe Se¢ ARE CALCULATEU.

A PROCESSOR PASSES A CATEGOKY [Fy FOR EaCw DEPTH OF EACH INTERVALS
YHE ABSOLUTE vALUE OF (P AVERAGE) PLUS 2S5 IS LFSS THaN OR FQuAL TO

THE TOLERANCE LIMITs Le

FOR CATEGORY T+ INTERVAL 1le AND FOR CATEGORY IIs INTERVAL ls L = 0.3, FUR
CATFGORY I+ INTERVALS 24 39 AND 4. L = 043 OR E/SQRTI(H AVERAGE)s WHICHEVER

I€ LARGER. FOR ALL OTHER CATEGOR'ESs L = 0,5 OK 1S/SQRT (M AVERAGE), wHICHEVER
I LARGER,

IF a2 DCSIMETER IS LOSTs NOT REPOWRTED BY THE PROCESSORe IWMADIATED IMPRUPENLY)
ETC,. THE WORD VOID APPEARS NEXT TO TwE DOUSIMETER NUMBER, VOIDED DOSIMETERS

ARE NOT INCLUDED IN THE PASS/FAIL CALCULATIONS,



CATEGORY Iy GAMMA

INTERVAL 19 10 - 800 RAD

NAME & NUMBER
OMITTED

PROCESSOR NAME :
PROCESSOR CODE NO. :

TYPE OF DOSIMETER : FILM
SOURCE : COBALT=60 IRRADIATOR

IPRADIATION DISTANCE ¢ SHOwN BELOw

EXPOSe IRRa, IRRas OFEP AB>0ORSED DOSEs Cx = 140!
DOSI. "TER DATE RATE TImgE EXPOSURE DIST. DELIV, REPORT,

NUMR R IRRADIATED (R/MIN) (MIN) (W) (C™) (RAD) (wAD) Pz (H®=n) /¢
34 2=20-79 54,54 3.820 208,34 100 210 195,000 «~0.0714
11 2-20-7% 54,54 9860 537.76 1an S43. 550,000 0.0129%
$2 2-20-79 54,54 13.810 753.20 1nn 761 600,000 =0s2116

2 2=20-79 54,54 12.910 T0se1l lon 71l 650,000 -0.CB8S8
154 3-20-79 $3.99 11.830 ©38.70 100 645, 620,000 «0.0388
182 3-20-79 $3.99 10.400 S561.50 100 567 600,000 0e.0582
170 3=-20-79 53,99 1350 105.28 loo 106« 130.00C 0.2204
304 4~-18.79 53,43 3570 150.75 100 193. 255,000 0e.3212

342 4=18-79 53,43 64150 328.5% 10 332. 800,000 lea096

322 4~-]18-79 53,43 84450 45148 100 4565 600,000 0e3158
P AVERAGE = 01937

S = Deanis

- H AVERAGE = 452.4

ABS (P AVEMAGE) + 2S5 = 11195

L= 0.3000

Savsasa®as® (Al essosssvssce

s S — ——— ——— — - . e ——— e —— -+ —



" CATEGORY 1o

JORIMETER
NUMBER

33
S1
163
137

INTERVAL 2»

GAMMA

30 « 100 MREM
PROCESSOR NAME NAME & NUMBER

PROCESSOR CODE wnO, : OMITTED

TYPE OF DOSIMETER : FILM

SOURCE : COBALT=60 IRRADIATOR

IRRADIATION

DaTE
IRRADIATED
2=15=79
2=15-79
2-15=-79
3=26-79
3-26-79
3=26-79
3=26-79
4=20-79
4=20-79

»-20-79

———— ——— - ————

DISTANCE ¢ SHOwN BELOw

EXPOS. IWHRA. R4, OFEP DOSE EWUIVALENT, Cx=1,0]
RATE T.mi EXPOSURE NIST.  DELIV.  HcPORT,

(MR/MIN) (MIN) (MR) (Cm) (MREM) (MREM) Pz (H®=n) /¢
22,49 2+3462 524566 2nn 53. 70, 0.3208
22,49  4.208 94.65 200 96. 100. 0e06l7
22,49 3.275 73.65 279 Tés 90, Oe.cle2
22.18  2.577 7933 270 80 97. 0.2125
22.18 “.327 95.97 ann 97 122, 0e2577
22.18 1.500 33.27 270 34 38. 01176
22,18 1730 38.37 200 39. 45, 041538
21.98 3.A83 85,58 210 86 107, 0e24602
21,98 14953 42.93 200 43, 50 03953
21,98 3760 82+64 200 R3. 107. 0.28v2

P AVERAGE = 0.2249

S = 0.1023

H AVERAGE

6845

ABS (P AVEmAGE) + 2S5 044295

L = 0eT7265

Sitessenet PASS ®sesscevonss




CATEGORY I+ GAMMA

INTERVAL 3y 101 = 300 MREM
PROCESSOR NAME : NAME & NUMBER

PROCESSOR CODE NO. : OMITTED

TYPE OF DOSIMETER : FILM
SOURCE : COBALT=60 IRRADIATOR

IRRADIATION DISTANCE ! SHOwWN BELOw

EXPOS. IRRA, IRRa. DEEP DOSE EQUIVALENT, CX=1.0.

JOSIMETER Dave RATE TInE EXPOSURE DIST. DELT™V. REPORT,
NUMBRER IRRADIATED (MR/MIN) (MIN) (MR) (Cw) (M, M) (MREM) Fe(n®an)/r
35 2-26-79 88,73 2.725 241.79 100 246, 290. 0.1885
3 2-26-79 R8,73 1657 14700 lon 148. 165. Uelles
27 2-26-79 BB,73 2.675 237.35 lon 2640, 270 01250
172 3-22-79 87,97 l.522 169.05 inn 171 186, 0.0877
162 3-22-79 87,97 2.020 177.70 1no 179 200 061173
138 3-22-79 87,97 1.722 151.45 100 153, 187, 02222
192 3-22-79 87,97 24353 207.02 100 209, 240, Dele83
308 4=18-79 BT,11 2.470 21516 100 217. 260, 0.1982
3459 4=18-7% 87.11 l«558 135.75 190 137. 135. =0e0]0e
323 4-18-79 87,11 l«210 105,40 100 106. 135. 042736

© AVERAGE = Oelen]

S = 0.0803

“ AVERAGE = 18040

ABS (P AVENAGE) + 2S = Ce3087

L = Debbn?

ooo.ooooof PASS Sosssattsrce



CATEGORY I+ GAMMA

INTERVA| &y 301 =« 104000 MReEM
PROCESSOR NAME : NAME & NUMBER

PROCESSOR CODE ~O, : OMITTED

TYPE OF DOSIMETER : FILM
SOURCE : COBALT=60 IRRADIATOR

IRRADIATION DISTANCE : SHOwN BELOw

EXPOSe IRRa, IRRa,s DEEP DOSE EQUIVALENT, CX=]1,0!
NNETMETER DaTE RATE  TIME  EXPOSURE NIST. DELIV. REPORT, -

NUMBER IRRADIATED (mMR/MIN) (MIN) (MR) (Cwm) (MREM) (MREM) Pz (H®=n) /¢
2s 2-20-79 88,92 70.967 6310.35 100 6373 7400, 0elell
£3 2-20-79 88,92 10.525 935.8a 1l0o 945, 1100, 0elbaD
36 2-20-79 88,92 11.572 1028.95 100 1039, 1100, 040587

- 2-20-79 88,92  7.953 707.21 1nn T1é4. 760, 0e0664

19% 3-27-79 87,81 S5T.100 5013.95 109 S064e 5100, 040071
141 3-27-79  B7.81  9.997 B77.81 110 887, 1000 0+1276
176 3-27-79 87,81 7.892 ©€92.97 1nn  700e 750. 0e0714
35> 4= B-79 87,43 54.350 475].82 100 4759, €300 03178

T a3 4= B=79 B7,43  6.000 S24.58 190 530, 600, 041321
306 4= B-79 87,43 102.657 B8976.14 100 $066+ 10000 0+1030

P AVERAGE =  0.1202

S = 00838

M AVERAGE

3011.7

ABS (P AVEMAGE) + 2S

0.2878

L = 03000

Qoooooaoof PASS ®vessssceaece



.- - ——

J0=IMETER

NIJMBER

37
55
.
26
166
16]
193
360
345
31

CATEGORY Il

NRS TECHNIQUE

DATE

IRRADIATED

2-23-79
€=23-79%
2=23-79
2-23-75%
3=26-79
3-26-75
3-26-79
4=-25-79
4-25.79

4=25-7%

I OMFX

IRPADIATION DISTANCE

IRRA,
RATE

(R/MIN)

INTERVAL 1+ 10 - 800 RAD

HIGH=ENERGY X RAY

¢ 100 Cm™
IRRa,

TImeg EXPOSURE
(MIN) (R)
40580 41130
20090 177.39
3.830 33.82
S0.410 445,12
48.100 520.92
Tel40 7733
$2+330 566,73
324660 344,24
25.260 266,26
11710 123.42

PROCESSOR NAME :

PROCESSOR CODE wnO.

TYPE OF DOSIMETER

NAME §& NUMBER
OMITTED

Flum

DFEP ABSORBED DUSEs CX = 1,33

DELIVe.

(RAD)

567,

236,

ABS (e AVERAGE)

REPURT
(HAV,
675,000
385,00
27.v00
6l13.,v00
675.Yn0
79.¢n0
625,000
750,900
610,Un0

355,vp0

P AVE®AG

= AVE®AG

* 2

FAIL

E
S
£
S

L

P=(H®=H)/n

0.2340
0.631e
=U,4000
0,0355
=0.0260
=042330
=0.1711
0.6376
0.7232

lelbus

0.2596
0.5067

394,86
1.2730

0.3000

SeRBSBNR00



CATEGORY JI1+ HIGH=-ENERGY Xx RAY

INTERVAL 2+ 30 « 100 MRgmMm
PROFESSOR NAME NAME § NUMBER

PROCESSOR CODE nNO, : OMITTED

TYPE OF DOSIMETER : FILM
NBS TECHNIQUE : WFK

IRRADIATION DISTANCE : 100 Cw™

IRRA,  IRRA,. SHALLOw DOSE &QUIVes CX=1,260
DO IMETER DaATE RATE TInE EAPOSURE DELIV. REPURT,

NiIMBER IRRADIATED (MR/MIN) (MIN) (MR) (MKEM) (MREMm) Pz (H®ar)/H
24 2=21=79% 20,64 le690 34.54 6o, 60, 0.30386
38 2-21-79 20,66 2.225 45,48 57. 75, 0.3158

7 2-21-79 20,44  3.395 69439 87, l1e, 043333
191 3-23-79 20,46 34190 65.27 62, loe, 0.2927
167 3-23-79 20,46 3.815 78405 98, l2v, 0.2245
160 3-23-79 20,46  1.810 37.03 o7, 6V, 0.2766
140 3-23.79 20,46  1.230 25417 32, s5u, 0.5625
303 4=25-79 21,30 2440 $1.97 65, lo>, 0.6154
313 4=25-79 21,30 2.710 §7.72 73. lo7, 0.e658
351 4=25-79 21,30 3.100 66403 83, 11v, 043253

P AVEWAGE = 0.3775

S = 0.1283

H AVEXAGE 66,8

ARS (P AVERAGE) +* 2§ = Deb3a]

L 1.8353

sssscsssnce pASs sssncsvesc

1029



CATEGORY Il+ MIGH-ENERGY Xx »AY

INTERVAL 2 730 « 100 MRgMm
PROCESSOR NAME :  yai & vinmpn

PROCESSOR CODE w~O, : OMITTED

TYPE OF DOSIMETER : FILM
NRS TECHNIQUE ! WFK

IRQADIATION DISTANCE ! 100 Cw™

[RRA, IRRA, DEEP DOSE EWUIVALENTy Cx=1,260
DOCIVETER DaTE RATE TIME EXPOSURE DELIvV. REPURT,

NUMRE R IRRADIATED (MR/MIN) (MIN) (MR) (MHEM) (MREM) Pz (H®=aH) /H
24 2=21-7% 20,44 1690 34.54 b6, 6V, 0.3636
k] 2=21=79 20,44 24225 45,48 57. 73, 0.3158

7 2=21=79 20,44 3.395 09.39 87. 110, 0.,3333
191 3-23.79 20,46 3.190 65.27 62, 109, 0.2927
167 3-23-79 20,48 3.815 78.05 98, l2v, 0.2265
16n 3=23-79 20,46 1810 37.03 .7, 6v, 0.2766
140 3=23-79% 20,46 1230 25.17 32. 5v, 0.5625
303 4=25-79 21,30 24640 51.97 65, 10>, 0.€154
313 4=25.79 2l.30 2710 $7.72 73. lo7, Oeeb58
s 4=25.79 21,30 3.100 66.03 83, v, 0.3253

P AVEWNAGE = 0.3775

S = 0.1283

N AVENAGE

66,8
ARS (S AVERAGE) +* 25 = 0e634]

L = 1.8353

essetsssss® PAGS Ssserccsee



CATEGORY Il1s HIGH=ENERGY X RAY

INTERVAL 3+ 101 =« 300 MeEM
PROCESSOR NAME : NAME & NUMBER

PROCESSOR CODE NO., : OMITTED

TYPE OF DOSIMETER : FILM
NBS TECHNIQUE @ WFG

IRRADIATION DISTANCE : 100 CMm

IRRA, IRRA. SHaLLOw DOSE tQulves Cx=]1,350
DOSIVETER DaTE RATE TInE EXPOSURE DELIV. REPURT.,

NUMBER IRRADIATED (MR/MIN) (MIN) (MR) (MME M) (MREM) P=(moen)/H
3% 2=20-79 62,55 1.870 116.97 158. 17v, 0.0759%
23 2=20-79 62,55 1.305 8l.63 110, 124, 9.,1000
56 2=20=-79 62,55 24950 184452 2649, 2a0, =0,0040

190 3-21=79 65,60 3.0640 199.42 2669, 2se, =0,0483
168 3-21=-79 65,60 1520 99.71 135, le>, V.2222
18n 3-21-79 65,60 1+970 129.23 176, 197, 0.1322
142 3=21-79 65,60 24310 151.54 208, 263, 0.282%
138 4=24.79 66,13 2ebl0 156,37 215, 22>, 0.0465
31 4=24-79 66,13  3.280 216491 293, 337, 0.1502
359 4=-26.79 66,13 le790 118,37 160 170, 0.0625
P AVE®AGE = 0.1020

S = 0.069%

H AVERAGE

196.,8

ARS (P AVERAGE) * 25 = 0.3015

L l.065%2

scostsssse® PAGS Sassesesce



CATEGORY 11+ HMIGH=ENERGY x RAY

INTERVAL 3+ 101 =« 300 MREM

PROCESSOR CODE w~O, : OMITTED

TYPE OF DOSIMETER : FILM
NRS TECHNIQUE @ WFG

IPRADIATION DISTANCE ! 100 Cw™

IRRA, [Rea, DEFP DOSE EWUIVALENTs Cx=]1,350
DOSIVETER DaTE RATE TIvE EXPOSURE DELIV. REPURT,

NUMBER IRRADIATED (MR/MIN) (MIN) (MR) (MHEW) (MREM) Pz (Heapm) /H
39 2=20-79 62,55 1.870 116.97 158, 17v, 0.0759
23 2=20-79 62,55 1305 8le63 110, 121, Vel000
56 2=20=79 62,55 24550 184.52 249, 260, =040040

190 3-21-79 65,60 3e040 199,42 269, a2se, =0,0683
164 3=21-79 65,60 l1.520 99.71 135, l6>, 0.2222
180 3-21-79 65,60 1.970 129.23 17a, 187, 0.1322
142 3-21=-79% 65,60 2.310 151454 205, 263, 0.282%
33§ 4=-26.79 66,13 2esl0 159,37 218, 22>, 0.0665
316 4=24.7% 66,13 J.280 216491 2Y3., 337, 0.1502
359 4=26-79 66,13 1790 118.37 100, 17v, 0.0625

P AVERAGE = 0.1020

S = 0.0965

= AVEXAGE

196,8
ARS (P AVERAGE) +* 28 = 0.3015%

L = 1.06%92

Steetonrsae® PAGCS esssvcssee



CATEGORY Il+ MIGH=ENERGY x RAY

INTERVAL &y 301 « 10,000 MWEM

PROCISSOR CODE wO, : OMITTED

TYPE OF DOSIMETER : FILM
NRS TECHNIQUE ! WFG

ISRADIATION DISTANCE ¢ 100 C™

IRRA,  IRRaA, SmaLLOw DOSE EQUIV.s CXx=1,280
NACTUETER DATE RATE TImE EXPOSURE DELIV. REPURT.,

NUMBER IRRADIATED (MW/MIN) (MIN) (MR) (MREM) (MREM) Pz (MHoeh) /H
22 2-14=79 B77,20 5.085 4460.56 s7l0, 640V, 0.1208

en 2-13-79 105,20 3.110 327.17 «l19, 450, 0.169%

57 2=14=79 B77,20 24340 2052.65 2827, 300V, 041420

- 2-13-79 105,20 34490 367.15 670, S2e, Oslles

150 3=21-79 860,30 6.300 5419.89 6937, 7425, 0.0703
143 3-21-79 860,30 5.930 5101.58 6530, 690V, 0.0567
178 3=19=79 102,90 5.685 584.99 749, bay, =0.1655
nu7 4=24-79 896,30 3.690 3307.35 4233, 4095, -0.0326
T 6=26-79 73,27 3.820 279.89 358, 400, 0.1173
356 “=24.79 73,27 6670 488,71 626, 595, =0.0e95

© AVEmAGE =  0.0564

S = 0,1008

W AVEMAGE = 2865,.,9

ABS (2 AVERAGE) * 2S

0.2580

pe—— e cittor- - L 0.5000

QOQQOO.QQQON_P‘SS Sesetesene




 CATEGORY Il. MIGH=ENERGY X RAY

INTERVAL &+ 301 = 104000 MREM
PROCESSOR NAME : NAME & NUMBER

PRNCESSOR CODE wNO. : OMITTED

TYPE OF DOSIMETER : FILm
NRS TECHNIQUE @ MFG

IRRADIATION DISTANCE ¢ 100 Cw™

IRRA, IRRA, DFEP DOSE EWUIVALENT, Cx=]1,230
DOCIMETER DATE RATE TImgE EXPQSURE DELIV. REPUKT, E

NUMBER IRRADIATED (MW/MIN) (MIN) (MQ) (MKEM) (MREM) Pz (Meen) /R
22 2-14-79 877,20 S5.085 4460.586 Sadb, 615y, 0.1210
“n 2-13-79 105,20 3.110 327.17 «02, 48v, 0el940
57 2=14-79 877,20 2340 2052.65 2525, 2%0u, Gsl685
8 2-13-79 105,20 3.450 367.15 6«52, Soe, 0.1150
15¢ 3=21-79 860,30 ©¢300 S419.89 6h66, 7135, 040704
143 3-21-79 860,30 5930 S5101.58 6275, 655v, 0es0438
175 3=19-79 102,50 Se685 584.99 720, 613, =0.1658
317 4=24.79 890,30 3.650 3307.35 4n68, 3v3s, =0.032¢
13 4=24-79 73,27 3.820 279.89 e, 3ge, Uelle3l
356 4=24.79 73,27 6eb70 “88.71 601, 57¢, =0.0e83
P AVEMAGE = 0.0583

S = 001057

H AVEMAGE

2752.9
ARS (P AVERAGE) * 2S5 = 0.2477

L = 0.5000

| S8setonspe® PACS Sessscoeee



JOSIMETER
NUMBER
L
5

9
21
174
189
144
383
33a

32s

CATEGORY IIls LOW=ENERGY x RAY

INTERVAL 1o

150 = 300 MREm

NBS TECWNIQUE : L-G

IPQADIATION DISTANCE

DATE

IRRADIATED

2=26-79
2=26-75
2=26-79
2=26-79
3-13.79
3-13-79
3-13-79
4=-28.79
4=28-79

4=28-.79

IRRA,
RATE
(MR/MIN)
114,50
114,50
11,50
116,50
116,80
116,80
116,80
116,00
116,00

116,00

i 200

IRRA,
TInE

(MIN)
l.890
24520
24260
1.780
2660
2¢770
3010
2510
1.R80

1530

C™

EXPOSURE
(MR)
2loeel
334436
258.77
203.81]
310e89
323.54
351.57
291.16
218.n8

223+588

PROCESSOR NAME :

PROCESSOR CODE wNO.

TYPE OF DOSIMETER

NAME & NUMBER
s+ OMITTED

FILM

S=4lLOw DOSE tqQuIvVes Cx=0.810

DELIVe. REPURT,
(MREM) (MiEMm)
175, 190,
271, des,
2lo, 21v,
105, 18e,
252. ege,
262. ey,
285%, 315,
236, dzv,
177, 202,
181, e3v,

P AVEWAGE

S

“ AVE™AGE

ABS (® AVERAGE) * 25

.

%00t sesaa pAss.

—

Pz(H®.m) /M

0.0857
0.284]
0.0

VellS2
0.1270
0.2977
0.,1053
0.3559
0.15%82

0.2707

0.1800

= O.lles

2214
= 0.4062

1.008]1

ik #



CATEGNRY Il LOW=ENERGY x RaAY

INTERVAL ls 150 « 300 MeEM
PROCESSOR NAME :  NAME § NUMBER

PROCESSOR CODE wO, : OMITTED

TYPE OF DOSIMETER : FILM
NBS TECHNIQUE ! L=6

IRRADIATION DISTANCE ¢ 200 CM™

IRRA, IRRA, DEEP DOSE EQUIvALENTs Cx=0,250
DO IMETER DaTE RATE TImE EXPOSURE DELIVe. REPURT.,

NUMBER IRRADIATED (MR/MIN) (MIN) (MR) (MREM) (MREM) Pz(MHe=r) /M
4) 2=26-79 114,50 1890 2l6.0l S, 5Y. 0.0926
58 2=26=79 114,50 24520 334434 Be, loe, 0.2857

- 2=26=79 114 .50 24260 258.77 65, 6>, 0.0

21 2-26=79 116,50 1780 203,81 sl. $S. 0.078¢
176 3=13-79 116,80 2e660 310459 78. 8e, 0.1282
189 3-13-79 116,80 2770 323.54 8l, 10>, 0.2963
144 3-13.79 116,80 3.010 35]1.57 8a, 97, 0.1023
%3 4-28-79 116,00 2510 29116 3, lov, 0.3699
33R 4=28-79 116,00 1+RA0 218,08 oS, 6>, c.1818
3as 4-28-79 116,00 14530 223.R8 56, T&, 0.2675
P AVEmAGE = 0.1803

S = 0.1190

= AVE™AGE 68,5

ARS (P AVERAGE) +* 25 = O.e184

L = l.8124

atsetepsens pAss Sessosone

- - — - —— . — - —— — - -



DS IMETER
NUMBRE R
.2
59
2R
1n
177
145
157
157
336
3lo

CATEGORY IIls LOWSENERGY X RAY

INTERVAL 29 301 = 10,000 MREM
PROCESSOR NAME :  NAME & NUMBER

PROCESSOR CODE NQ, § CTLTTED

TYPE OF DOSIMETER : FILmM
NBS TECWNIQUE ! L=G

IPSADIATION DISTANCE ¢ 200 C™

IRRA, IRRA, SmaLLOw DOSE EQUIVes Cx=0,810
DaTE RATE TImE EXPOSURE DELIVe REPURT.,

IRRADIATED (MK/MIN) (MIN) (MR) (MREM) (MREM) Pz (H®=H) /H
2=26-79 286,40 18.150 5198.16 4211, 2835, =0.,3268
2=26-79 286,40 37.460 10728456 8690, 7S0v. =0,1369
2-26-79 286,40 24980 853447 691, 83, 0.2012
2=26-79 286,40 154520 4555.48 3893, 2750, =0.,2553
3-14.79 288,60 lans0 475.08 388, 403, 0.,0438
3-14-79 288,60 11840 3417,03 2788, 2709, ~0,0246
3=14-79 288,60 18890 S542.57 «39, S2e, 0.1982
4=29.79 288,80 29.900 B8635.12 599%a, 6975, -0.,0027
4=29.7% 288,80 3.610 1062.57 Aes, 1377, Ve6315
4=29-79 288,80 le770 51).18 sle, S0e, 0.2271

P AVERAGE = 0.055%

S = 062774

 AVENAGE

2913.2
ARS(® AVERAGE) * 2S5 = 0.56103

L

0.5000

" ———— - m——

etestessnn® FAJ Sesscsosses



CATEGORY IIls LOw=ENERGY X RAY

INTERVAL 2+ 301 = 104000 MREM
PROCESSCOR NAME :  NAME § NUMBER

PROCESSOR CODE nO. @ OMITTED

TYPE OF DOSIMETER : FILM
NRS TECHNIQUE : L=G

IRRADIATION DISTANCE ¢ 200 C™

IRRA, IRRA, DEEP DOSE EQUIVALENTs Cx=0,.,250
JO<IMETER DaTe RATE TIMmE EXPOSURE DELIV. REPURT,

NUMBER IRRADIATED (MR/MIN) (MIN) (MR) (MREM) (MpEwm) Pz (He®ar) /M
a2 2=26-79 286,40 18,150 65198,.16 1300, 8713, =0.3269
S9 2=26-79 286,40 3T+460 10728.54 2n82, 230V, ~0sl62e
28 2=26-79 286,40 2.980 €53.47 213, 22v, 0.0329
1n 2=26-79 286,40 154920 4559,.45 1140, 8sv, =0,2564

177 3-.4-79 588.60 lets0 79.08 120, 12>, 0.0617
145 3=14-79 288,60 11+840 3417.03 854, 750, -0.1218
157 3-14-79 288,60 1.880 542.57 136. lec, 0.1512
357 4=29-79 288,80 29.900 8635.12 2159, 21sv, =0.0062
336 4=-29-79 288,50 3610 1042.57 261, 425, 0.6284
310 4=-2%5.79 288,80 le770 S511.18 123, 157, 0.2266

P AVE®AGE = 0.0271

S = 0.2759%

= AVEKAGE = 899.3

ARS (o AVERAGE) * 2S = 0.5788

L= 0.5002

sesatnesee® FA[ eesscecese

l i A 1



WNSINFTER
NUMBER

43

12
29
156

18R

()
503

SOA

CATEGORY 1Ivs BETA

INTERVAL 1o

SOURCE : STRONTIUM=30

IRRADIATION DISTANCE

DaTE
IRRADIATED
2~18-79
2=18-79
2=18-79%
2-18-79
3= $5-7%
3= 5-79
3- 5-7%
5«10-79
5=10-79

S=10=-79

150 « 300 MpEM

IRRaA,
RATE
(MKAD/M)
152,30
152,30
152,30
152,30
152,00
152,00
152,00
151,30
151,30

151.30

P 35 Cwv

IRRA.
TIME

(MIN)
l1+850
1«080
15580
14780
1700
1290
1320
1.670
le220

1+500

DOSE
(MREM)
283,28
164,48
240453
271409
258.40
196.08
200464
252.67
184.59

287.47

PROCESSOR NAME

PROCESSOR CODE wO.

NAME & NUMBER
. OMITTED

TYPE OF DOSIMETER : FILM

SmaLLOw DOSE EQuUIVes CXx=0.966
REPURT.
(MREM)

DELIV.
(MHEM)
274,
15S8.
?33.
202,
250
190,
194,
ELT
178,

278.

2v,
207,
2ev,
30v,
<19,
213,
2os,
27>,
219,

310,

P AVE®AGE

H AVE®aA

ARS (P AVERAGE) *

S
GE
2s

L

ooooooooooowlplgs

Pz (He®eH) /M

C.1679
0.3019
0.115%
0.1650
0.1000
0.1211
0.0722
0.1270
0.2079

0.1151

OslaTe

= 0.,0058

22642

0.2750

B 09973

Seaeso9000



DOSIMETER
NUMBER
s
13
30
183
152
169
139
LT
3le
327

CATEGORY IV

INTERVAL 2

BETA

301 = 104000 MREM

SOURCE : STRONTIUM=30
IRPADIATION DISTANCE ¢ 35 Cwm
IRRA, IRRA.
DATE RATE TImE
IPRADIATED (MRAD/M) (MIN)
2= 6-79 152,30 46.800
2= 6-79 152,30 4+8950
2= 6-79 152,30 12.190
3-21-79 152,00 3710
3-21=79 152,00 17660
3=21=79 152,00 6.740
3-21-79 152,00 9.220
4=23-79 151.60 3.540
4=23-79 151,60 53.600
4=23-79 151,60 5650

DoSE

(MREwM)
T127.64
T44.75
1856.54
563.92
2684.32
1024,48
140] ess
S36.66
8125.76

862.560

PROCESSOR NAME :

PROCESSOR CODE wNO.

TYPE OF DOSIMETER :

NAME & NUMBER

OMITTED

FILM

SHALLOw DOSE EQuUlVes CX=0.960

DELIVe REPURT.

(MHEM) (MREM) Pz (mHe=r) /N
6R89, 670V, =0,027
720, 85y, 0.18086
1794, 257>, 00,6353
545, 68v, Cel677
2594, 2596V, Oe.lell
$90. 872, -V.1162
1354, 1600, 0.1817
519, Ta0, De.e258
7854, 8530, 0.0868
Rls, 97>, 0.1691

P AVEMAGE = 0.172%

S = 0el173e

H AVE®AGE = 2409.3

ABS}D AVERAGE) * 2S5 = 0.5193
L= 0.5000

etcevrnenen F‘IL‘ Seescscnav

—

Jo /



CATEGORY Vs NEUTRON
INTERVAL l» 100 = 300 MREM
PROFESSOR NAME NAME & NUMBER

PROCESSOR CODE wNO, : OMITTED

TYPE OF DOSIMETER : FILM
SOURCE : CALIFORNIUM=252

IRRADIATION DISTANCE : SHOwN BELOw
NOTE : DELIVERED DOSE EQUIVALENT INCLUDES THE

ROOM RETURN (SCATTER) CORRECTION FACTOR
cHOWN BELOW

DOSE EQ. IRRA, 1lRRA, DEtP DOSE EQUIVALENT

O<IMETER DATE RATE TIME DIST, SCATTER DELIV. KEPORT,

NUMBER JRRADIATED (MWEM/MIN) (MIN) (CMm) CeFe (MREM) (MREM) Pz (H®=n) /R
75 2=21=79 T8.45 1336 S0 1.015 106 150. UealSl
64 2=21=79 78.45 2543 S0 1.015 202. 275. 0«3614
T2 2=21-79 78,45 3,733 50 1.015 297 358. 042054
62 2=21-79 78,45 2.383 50 1.01% 190 235. 0.2308

208 3-13=-79 77.33 24335 S0 1.015 183 142, =0e2240
199 3=13-79 77.33 3.600 S0 1.015 283, 350. 0e3428
205 3-13-79 77.33 3.446 50 1.0158 270 2590 0e074]
37a 4-26-79 T4,53 2223 50 1.015 169« 436, 165796
368 4-26-79 74,93 1.530 50 1,015 116, 310. l.6724
363 4=26-79 74,93 20339 50 1.018 178. 356. 10000

© AVERAGE = DeSob4

S = Qe6377

H AVERAGE 1990

ABS (P AVERAGE) + 25 = leBel?

l1.0623

L

00000000e® FAlL 0seese0teess



CATEGORY Vs NEUTRON
INTERVAL 29 301 = 5,000 MREwm
PROCESSOR NAME :  NAME & NUMBER
OMITTED
PROCESSOR CODE NO.

TYPE OF DOSIMETER : FILM
SOURCE : CALIFORNIUM=25?2

IGRADIATION DISTANCE @ SHOwWN BE_Ow
NOTE : DELIVERED DOSE EQUIVLLENT INCLUDES TwE

RO0OM RETURN (SCATTER) CORRECTION FACTOR
sHOWN BELOW

DOSE EQ. [IRPA, IRRA, DEcP DOSE EWUIVALENT

OSIMETER DaATE RATE TIME DIST, SCaATTER DELIV. REPORT,

NUMRER IRRADIATED (MREM/MIN) (MIN) (CMm) C.F. (MREM) (MEM) Pz (H®*=H) /H
To 2=-25-7S 78.22 495,660 S0 1.018 3343, 5050. 0.2808
63 2=25-79 78,22 4.463 S0 1.015 353. 510. DebibeasB
65 2-25=79 78.22 23.550 S0 1,015 1870 2215 0«1845
Ta 2=25-79 78.22 11.6%90 50 1,018 528, 1240, 0.3362

207 3-15-79 T7.22 57.500 50 1.015 4507 5020. 0.11358
198 3-15=-79 77.22 10.320 S0 1.015 209 1000. 0.2361
203 3=-15-79 77.22 39,500 50 1.015 3096. Jez0. 0s1240
365 4-18-79 75.36 11.400 50 1,015 872 1065, Ve2213
369 4-18-79 75,36 32.000 50 1,015 2448, 3180, 0+2950
373 4-18.79 75,36 6,036 S50 1,015 S08. 5950, Uelble

© AVERAGE = Qe2402

S = 001029

W AVERAGE 193344

b pe L M . _ e ABS (P AVERAGE) + 2§

Qeaanl

L = 05000

[TYYTTE Y N4 PASS ®pocs0evgeve
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OSIMETER
NUMRER

45
la
1
173
151
187
158
3So
332

302

CATEGORY VI. GAMMA COMPONENT

OF GAMMA PLUS HIGH-ENERGY X RaY

INTERVAL 1+ S0 « 100 MRgM™

SOURCE : COBALT=60 IRRADIATOR

IRRADIATION DISTANCE : 200 C™

InRA. IRRA,

DATE RATE TIME

IRRADIATED (ME /MIN) (MIN)
2=13-79 22.51 2.822
2-13-79% 22.51 1053
2=13-79 22.51 2.073
3-14=-79 22.27 Debe?2
3-14=-79 22.27 2308
3-14-79 22.27 0+750
3=14-79 22.27 34560
be 1=73 22.13 0927
be 1=79 22.13 14745
4= 1=79 22,13 0663

o — —— o — ————— . ——

PROCESSOR NAME :

PROCESSOR CODE NO.

PAGE 1 OF 3

NAME & NUMBER
OMITTED

TYPE OF DOSIMETER : FILM

EXPOSURE
(MR)
63,52
23,71
46,67
le,25
Sl,¢1
16,93
79,28
20,51
38,62

14,65

DELIVYERED DOSE EQUIVALENT

SHALLOw DEEP
Cx=1.01 Cx=1.01
(MREM) (MREM)
64, 04,
24, 24,
“7. “7,
14, le,
52. S2.
17. 17.
80. 80.
2l. 2le.
39. 39.
15. 15,



" CATEGORY VIe X RAY COMPONENT PAGE 2 OF 3
OF GAMMA PLUS HWIGH=ENERGY Xx RAY ’

INTERVAL 1y S0 = 100 MREM
PROCESSOR NAME :  NAME & NUMBER

PROCESSOR CODE nO. : OMITTED

TYPE OF DOSIMETER : FILM
NRS TECHNIQUE @ WFK

IRRADIATION DISTANCE ¢ 100 CMm

DELIVERED DOSE EQUIVALENT

IPRA. + |RRA, SHALLOw DEEP

OSIMETER DATE RaTE TIME EXPOSURE Cx=1.26 Cx=l.26
NUMBER IRRADIATED (MR/MIN) (MIN) (Mm) (MREM) (MREM)
45 2=21=-79 20,64 0980 20,03 25. 2S.
14 2-21=79 2044 2¢620 53,55 67, 67.
19 2=21=-79 20,64 0730 16,92 19. 19,
173 3-23-75 20,66 1540 3]+ 51 40. 40,
151 3-23-79 204405 0.780 15,96 20. 20.
187 3-23-79 204,40 0.810 16,57 2l 2l.
158 3-23-75 20440 14040 2l.23 27. 27,
35n 4=-25-7% 21.30 24110 44,94 57. S7.
332 4-25-79 21,30 0.670 l¢,27 18, i8.
302 4-25-79 21.30 1670 35,57 45, 45,

—_ —-—— g - Peen - -



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

INTERVAL 1y SO = 100 MREM
PROCESSOR NAME :  NAME § NUMBER

PROCESSOR CODE NO. : CMITTED

TYPE OF DOSIMETER : FILM

TOTAL SHALLOw DOSE EQUIVALENT TOTAL DEeP DOSE EQUIVALENT
NOSIMETER DELIVERED REPORTED DELIVERED REPORTED
NUMRER (MREM) (MKEM) P=(He=w) /H (MREM) (MREM) Pz (H®=r)/H
45 89, 125, 0,4065 89. 125. 0.4065
14 Sl. 110. 0.,2088 9l 110. 0 J8s8
15 66, 90. 0.3638 66 90. 0.3636
173 5S4, 65. 0.2037 Sé. 65. 0.,2037
151 12, 98, 0.3611 72. 98. 0.3011
187 38, 38, 0,0 38 38. 0.0
1=8 107, 130, €.2150 107, 130. 0.2150
3sn 78, 45. =0,4231 78. “5. -0.4231
322 57. 115, 1.0175% 57, 115. 1,017%
© 302 60, 804 043333 60 80 0.3333
P AVERAGE = 0,268« P AVERAGE = (.268%¢
S = 03594 S = (.,359%
H AVERAGE = 71.2 H AVERKAGE = Tle2

ABS (P AVERAGE) + 25

0.9872 ARS(P AyERAGEL) + 25 = y,9872

L= 17777 L= 17777

*eeeee®ase PASS OSgseeecdsesc savscccsse ?lSS sevscecsace




CATEGORY VI, GAMMA COMPONENT PAGE 1| OF 3
OF GAMMA PLUS HIGH-ENERGY X RaY

INTERVAL 2+ 101 = 300 MeEM
PROCESSUR NAME @  YAME 5 NumBer

PROCESSOR CODE NO. : OMITTED

TYPE OF DOSIMETER : FILM
SOURCE : COBALT-60 IRRANIATOR

" IRRADIATION DISTANCE : 100 CM

DELIVERED DOSE EQUIVALENT

IrRA. IRRA, SHALLOwW DEEP

OSIMETER DATE RATE TIME EXPQOSURE Cx=1.01 Cx=l.01
NUMRER IRRADIATED (MR /MIN) (MIN) (MR) (MREM) (MREM)
Sa 2=13-79 22,51 2:607 58,68 59. 5%.
15 2=13-79 22.51 Se307 119,45 121 121,
. 2=-13=-79 22.51 T.027 158,17 160. 160,
178 3=le=79 22.27 4690 104,65 105. 105.
186 3-14~-79 22.27 3.395 75.61 76, Te.
167 3-14-79 22.27 3.650 77.72 78. 78,
153 3=14-79 22.27 4.817 107,27 108. 108,
318 4= 1=79 22.13 2260 S0,01 Sl. Sle
324 4= 1=79% 22.13 4.028 89,15 90. 90
Y4k b= =79 22.13 2.522 §5,80 . . S6. Se.

— — e o — - e B —— —— ¢ -



CATEGORY .Is X RAY COMPONENT

OF GAMMA PLUS HIGH-ENERGY x Ray

. INTERVAL 2 loi - 300 MREM

NBS TECHNIQUE & #F&

IRRADIATION DISTANCE ¢ 100 C™

IPRA. IRRA,

OSIMETER DATE RATE TIME

NUMRER IRRADIATED (MR/MIN) (MIN)
Se 2=20~79 62.55 1780
18 2=20-79 62.55 0.950
46 2=20=79 62.55 1.185
178 3-21-79 65,60 04480
186 3-21=-79 65,60 2.210
147 3-21-79 65.60 0.6420
1153 3=21=-79 65,60 0.480
31s 4=24=79 66,13 le400
324 4=24-79 66.13 0410
3446 4-24=-75 66,13 1.590

PRCCESSOR NAME

PAGE 2 OF 3

NAME & NUMBER

PROCESSOR CODE NO. : OMITTED
TYPE OF DOSIMETER : FILM
. DELIVERED DOSE EQUIVALENT
SHALLOW DEEP
EXPOSURE CXx=1.35 Cx=1.35
(M=) (MREM) (MREM)
111,34 150. 150.
59,42 80. 80.
74,12 100 100.
31,45 “3. “3,
144,98 196. 196,
27.55% 37. 37.
31,63 a3, “3,
92,58 125. 125.
27,11 37. 37.
105,15 le2. 162,



3 . ;

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

INTERVAL 2+ 101 « 300 MREM
PROCESSOR NAME : NAME & NUMBER

PROCESSOR CODE NO. : OMITTED

TYPE OF DOSIMETER : FILM

TOTAL SHALLOwW DOSE EQUIVALENT TOTAL DEFP DOSE EQUIVALENT
NOSTMETER DELIVERED REPORTED DELIVERED REPORTED

NUMBER (MREM) (MREM) Pz (H®=H)/H (MREM) (MREM) P=z=(H®=H)/H
Sé4 209, 19, -0.0718 209. 194, -0,0718
15 201, 153, -0,2388 201 153. -0.2388
A6 260, l62. =0.3769 260 162. -0.,3769
178 148, 81. -0.,4527 148, 8le -0,4527
186 272. 529. 0.9449 272 529. 0.9449
147 115, 170, 0.4783 115 i70. 0.4783
153 151, 235, 0.5563 151. 235. 0.5563
315 176, l8s, 0.0511 176 185. 0.0511
32a 127, 81, -U.3622 127« 8le. -0.,3622
346 198, 195. -“0.,0152 198. 195. -0,01%2

P AVERAGE = 10,0513 P AVERWGE = 0.,0513

S = 06652 S = 0.6652

H AVERAGE = 125.7 H AVERAGE = 185.7

ABS(P AVERAGE) + 25 = 0,.,9817 Aa8S(P AVERAGE) + 25 = (0.9817

L= 1.1007 L = 1l.1007

OQOQOOQQQO PASS Spsotbeataoen #00cgtoneo PﬂSS LZ IR XY L
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CATEGORY VI. GAMMA COMPONENT
OF GAMMA PLUS HIGH=-ENERGY x Ray

PAGE 1 OF 3

INTERVAL 3y 301 =« 104000 MREM

PROCESSOR NAME NAME & NUMBER

PROCESSOR CODE NO., : OMITTED
TYPE OF DOSIMETER : FILm
SOURCE : COBALT-60 IRRADIATOR

IRRADIATION DISTANCE : 100 C™

DELIVERED DOSE EQUIVALENT

IeRA. IRRaA, SHALLOW DEEP

OSIMETER DATE RATE TIME EXPOSURE Cx=l,01 Cx=1l,01
NUMRER IRRADIATED (MR /MIN) (MIN) (Mw) (MREM) (MREM)
So 2= £=79 89,37 1.625 145,23 le7e le7,
16 2« 6=T79 89,37 564450 5064,93 S095. 5095,
18 2= £=79 89,37 1+545 133,04 139. 135,
32 2= =79 89,37 S$2.450 4687, 45 4734, 4734,
155 3-13-79 88,25 4.220 372,41 376 376,
17% 3=-13=-79 88.25 6.040 533,03 538. 538,
148 3-13-79 88.25 24977 262,59 265. 265,
10 VOID 4= 2-79 87,65 19650 1722,32 1740 17«0,
49 yoOID 4= 2=-79 87.65 1e232 107,95 109, 109,
24 VvNID 4= 1=79 87.68 464183 4049,35 «050. 4090,



" CATEGORY VIs X RAY COMPONENT PAGE 2 OF 3
OF GAMMA PLUS HIGH=ENERGY™ X RAY

INTERVAL 3y 301 = 104000 MREM
PROCESSOR NAME : NAME & NUMBER

PROCESSOR CODE NO. : CTITTED
TYPE OF DOSIMETER : FlILM
NBS TECHNIQUE : MFG

IRRADIATION DISTANCE ¢ 100 Cw™

DELIVERED DOSE EQUIVALENT

I2RA. 1RRA, SHALLOw DEEP

OSIMETER DATE RATE TIME EXPOSURE Cx=1l.28 Cx=l.23
NUMRE R IRRADIATED (MR/MIN) (MIN) (M=) (MNEM) (MREM)
S0 2-13-79 105,20 24695 233,51 363, 349,
16 2=14=79 877.20 1.785 1565,80 2004 1926,
18 . 2=13-79 105,20 24420 254,54 326, 313,
32 2=14=79 877.20 1550 1359.64 1740 1672.
155 3-19=-79 102.90 1.130 116,28 lev. 143,
175 3-21-79 860,30 1,230 1058,17 1354, 1302,
1423 3-19=79 102.%9 5.015 Slse,04 661, 635,
10 vOID  4=24=79 89-,30 3.820  3423,87 4383, “2ll.
45 yOID 4-24~-79 73.27 24780 203,69 261l 251,
264 VOID  4=24-79 896,30 1.405  1255,30 1612, 1545,

- ——— - - S



" "CATEGORY VIs TOTAL OF GAMMA PLUS X RAY ' : PAGE 3 OF 3

INTERVAL 3y 301 = 10,000 MREM
PROCESSOR NAME :  NAME §& NUMBER
PROCESSOR CODE NO. : OTLTTED

TYPE OF DOSIMETER : FILM

TOTaL SHALLOw DOSE EQUIVALENT TOTAL DtgP DOSE EQUIVALENT
NOSIMETER DELIVERED REPOKTED DELIVERED REPOKRTED

NUMRER (MREM) (MREM) P=(H®=n)/H (MREM) (MREM) Pz (H®=r) /R
|0 510, 500. -0.,0196 496 485. -0.,0222
16 7099, 8000. 0.1269% 7021, 7900, 0.12%2
18 465, an. =0.,2022 452, 357, -0.,2102
32 6476, Tlép, 0.102¢% 66406~ 7100 0.1083
185 525, 4la, =0,2038 519. “l18. =0.1946
179 1892, 1472, =0.2220 1840 lelS. -0.2310
148 926, 705, -0,2387 900« 675 -0,2500
10 ¥0lID 6123, 0 =1.0000 5951 0 =1.0000
49 vniIn 370, 0 =1.,0000 360, (V] -1,0000
24 V01D 5702, D =1,0000 5635, 0. -1,0000

P AVERAGE = =0,0938 . P AVERAGE = =0,0963

S = 041603 S = 0.l037

H AVERAGE = 2555,9 M AVERAGE = 2519.1

ABS (P AVERAGE) + 25 = (Qe4l46 ABS(P AVERAGL) + 2S5 = (0,238

L 0.5000 L = 0.5000

TR Y PASS Gsetdadoane satsssance PASS [ ZEXTTT T TY L



"CATEGORY VIIy GAMMA COMPONENT
OF BETA PLUS GamMma

OSIMETER
NUMRE R
k3|
17
48
181
150
165
146
347
309

3an

INTERVAL 1

SOURCE : COBALT=60 IRRADIA

200 = 300 MRgEM

LY J o

IRRADIATION DISTANCE : 100 Cm

DATE
IRRADIATED
2= 6=79
2= £=79
2= 6=79
3=10=79
3-10-79
3=10=79
3-1n=79
4= 1-79
- 1=79

b= 1=-79

(MR /MIN)

IeRA.
RATE

89,37
89.37
89,37
88,35
88,35
88,35
88.35
87,65
87,65

87.65

IRRA,

TIME

(MIN)
0.813
1520
04692
2257
0.828
2+1585
2.030
0703
0.822
2.110

PAGE 1 OF 3

PROCESSOR NAME : NAME & NUMBER
PROCESSOR CODE NO. OMITTED

TroZ OF DOSIMETER : FILM

DELIVERED DOSE EQUIVALENT

SHALLOw DEEP
EXPOSURE Cx=1.01 Cx=1l.01
(M=) (MREM) (MREM)
72,01 73. 73.
171.59 173. 173.
6l,81 62 62,
199,38 201 201,
13,18 T4 T8,
190.39 192. 192.
179,35 181. 181.
1,65 62, 62,
72,02 73, 73,
184,9%¢ 187, 187,



"CATEGORY VIIs+ BETA COMPONENT PAGE 2 OF 3
OF BETA PLUS GAM4a

INTERVAL 1+ 200 = 300 MREM
PROCESSOR NAME : NAME & NUMBER
FROCES:OR CODE nO. : O MITTED

TYPE OF DOSIMETER : FILM
SOURCE : STRONTIUM=50

IRRADIATION DISTANCE : 35 Cwm

. DELIVERED DOUSE EQUIVALENT

IoRA. [RKA, SHALLOw DEEP

OSINMETER DATE RATE TIME  aBS. DOSE Crz.9665 CX=0,00

NIMRER IRRADIATED (MRAD/MIN) (MIN) (M=2aD) (MREM) (MREM)
3) 2-26=79 152,30 1.180 179.71 174, 0.
17 2-26-79 152.30 04420 63,97 62 0e
a8 2-26-179 152,30 1.010 153,82 149, 0,
18] 3-13-79 152.00 0.530 80.56 78. 0o
150 3-13-79 152.00 1.200 182,40 176. Oe
165 3=13=79 152,00 04510 77.52 75. 0e
1456 3-13. 9 152,00 0.470 71,66 69. 0e
3e7 4=16-79 151,60 1,030 156,15 151, 0.
309 4=16=79 151.60 1.120 169,79 164, 0o
320 e-16-79 151.60 04490 Te,28 725 0.



CATEGORY VIIs TOTAL OF BETA PLUS GAmMMA PAGE 3 OF 3

INTERVAL 1y 200 = 300 MREM
PROCESSOR NAME :  NAME & NUMBER

PROCESSOR COOE NO. : COMITTED

TYPE OF DOSIMETER : FILM

TOTAL SHALLOw DOSE EQUIVALENT TOTAL DEEP DOSE EQUIVALENT
NOSIMETER DELIVERED REPORTED DELIVERED REPORTED

NUMRER (MREM) (MREM) Pz (H®=n)/n (MREM) (MKEM) Pz (Ho=H)/H
31 247, 282, 0,117 73. 92. 0.2603
17 235, 240, 0.0213 173 240 0.3873
a8 211, 24]. 0.1422 62+ Bé. 0.3548
181 279, 3lo. 0.1111 201, 210. 0,0448
150 250, 263, 0.0520 Tae 70, =0,054]
165 267, 372, 043933 192, 197, 0.02060
146 250, 350. 044000 181« 230. 0.2707
347 213, 250. 0.1737 62 80 0.2903
g 237, 27s. 0.1603 73. 95. 0.301e
32n 259, 3es, 0.4093 187, 190, 0.0l60

P AVERAGE = 10,2005 P AVERAGE = 0.1898

S = 0el4860 S = 0.1626

H AVERAGE = 246,65 H AyERAGE = 127.8

ABS (P AVERAGE) + 25 = 0,4925 ASS(P AVERAGE) + 25 = 0,519

L 0.9587 L= 1,326%

essseevsse PASS Sosstsatsnse soessssases PpcS eesssessae

- e— -
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CATEGORY VIIs GAMMA COMPONENT PAGE 1 OF 3
OF BETA PLUS GAMMA

INTERVAL 2+ 301 = 104000 MREM
PROCESSOR NAME : NAME & NUMBER

PROCESSOR CODE wNO. ¢ OMITTED
. TYPE OF DOSIMETER : FILM
SOURCE : CORALT=60 IRRADIATOR

1RRADIATION DISTANCE : 100 C™

DELIVERED DOSE EWUIVALENT

IRRAs  IRRA, SHALLOW DEEP
DOSIMETER DATE RATE TIME EXPOSURE ( =1.,01 Cx=1.,01
NiIMRER IRRAQTIATED (MR /MIN) (MIN) (M=) MREM) (MREM)
&7 2= 6=79 89,37 17267 1543,12 1559. 1559,
en 2= 6=79 89,37 14658 148,21 150. 150.
49 2= 6=79 89,37 15538 1393,13 1407, 1407,
185 3-13-79 88,.,2% 3.137 276,81 28C. 280,
184 3-13-79 8r,25 18.800 1655,10 1676 1676,
164 3=-13-79 88,25 6770 §97,45 603. 603,
34 4= 1-79 87,65 16555 1451,06¢ lantb, 1466,
358 4= 1=79 B7.65 14673 166,67 1e8. 148,
312 4= 1=79 87.65 11177 979,63 989. 989,
333 b= 1=-79 87,65 2.838 248,78 251. 251.



CATEGORY VIIes BETA COMPONENT PAGE 2 OF 3
OF BETA PLUS GAMMA

INTERVAL 25 301 = 104000 MREM
PROCESSOR NAME : NAME & NUMBER

PROCESSOR CODE NO. : OMITTED

TYPE OF DOSIMETER : FILM
SOURCE : STRONTIUM=30

IRRADIATION DISTANCE : 35 Cwm

DELIVERED DOSE EQUIVALENT

IeRA. IRRA, SHALLOw DEEP

DOSIMETER DATE RATE TIME ABS. DOSE CA=,9665 Cx=0.00

NUMRER IRRADIATED (MRAD/MIN) (MIN) (M2A0) (MBEM) (MREM)
47 2-24-75 152.30 254530 3588,22 3758. Oe
en 2=24=79 152,30 2eb60 371.61 359. Oe
. 2-24=75 152.30 3.630 §52.85 $3: . Oe
18% 3-14=79 152.00 0.750 114,00 110. Ne
184 3-14-79 152.00 27.770 4221.04 4080. Oe
164 3-14=79 152.00 1.580 240,16 232. 0.
344 4~ 2-79 151.60 3.880 588,21 569. Qe
3aSe be 2=79 151.60 2510 330,52 308, Oe
312 6= 2-79% 151.60 16660 2525,66 2asle O
333 4= 2-79 151.60 0.680 103,09 100. O



CATEGORY VIIes TOTAL OF BETA PLUS GAMMA PAGE 3 OF 3

INTERVAL 2+ 301 = 10.000 MREM
PROCESSOR NAME :  NAME & NUMBER

PROCESSOR CODE NO, : OTITTED

TYPE OF DOSIMETER : FILM

TOTAL SHALLOwW DOSE EQUIVALENT TOTAL DEEP DOSE EQUIVALENT
NOSIMETER DELIVERED REPORTED DELIVERED REPORTED

NIMBRER (MREM) (MREM) P=(He=N)/H (MREM) (MREM) P=(He*=H)/H
a7 $317, 3270, =0.3850 1559 2220, 0.4240
20 509. 530, 0.0613 150 258. 0.7200
Lo 1941, 1900. -0,0211 16407 1700, 0.2082
18RS 350, 428, 0,097 280, 3i8. 0.1357
184 5756, 3350, -0,4180 16764 2000, 0.1933
166 835, iisa -0.1856 603 660, 0.1277
£ 2035, 1980, -0,0270 lébbe i700. 0.1596
358 516, 595, 0.153] 148 165, 001149
N2 3430, 2300. =0.329¢ 989, 1300, 0.3145
313 3sl, e 0.1823 251, 295. 0.1753

P AVERAGE = =0,0892 P AyERAGE = 10,2573

S = 0.2269 S = 0.1885

M AVERAGE = 2108,0 H AVERAGE =  B52.9

ABS(P AVERAGE) ¢ 25 = 05391 ABS(P AVERAGE) + 25 = 046343

L= 005000 L = 0,5136

ssssnscsss FALL ®eescessecs cecegeende FprlL eessscscsces



CATEGORY VIII+ GAMMA COMPONENT PAGE 1 OF 3
OF NFUTRON PLUS GAwMMA

INTERVAL 1y 150 = 300 MREM
PROCESSOR NAME : NAME & NUMBER

PROCESSOR CODE NOo : CTITTED
TYPE OF DOSIMETER : FILM
SOURCE : COBALT=60 TRRADIATOR

I2PADIATION DISTANCE : 100 C™

NOTE : DELIVERED DOSE EQUIVALENT INCLUDES A GAMMA=RAY
CONTRIBUTION FROv THE CF-252 SOURCE EgquaL To
7.033 PERCENT OF THE NEUTRON DOSE EGQUIVALENT

DELIVERED DOSE EQUIVALENT

IRRA. [R~A, SHALLOw DEEP
DOSIVETER DATE RATE TIME EXPOSUKE Cx=1.01 Cx=1,01
NUMRE R IRaDTATED (MR/MIN) (MIN) (M=) (MKEM) (MREM)
66 2= 6=79 89,37 0.708 63,30 75. 7S.
68 vnlD 2= =79 89,37 1370 122,64 124, 124,
71 2= £=79 89,37 0.922 82,37 98. 98,
209 3-10-79 88,35 1.887 166,69 173, 173,
20s 3=10=-79 88,35 0.718 63,46 75. 75,
197 3-10=79 88,35 1332 117.65 122. 122.
201 3-10-79 88,35 0.882 77.90 52, 92.
37s 4-10=79 87,37 1.577 137,75 1643, 143,
37 4=]10=79 87,37 0.612 $3,44 b4, ba,
362 4=10=-79 87,37 1985 173,43 180. 180,



CATEGORY VIIIs NEUTRON COMPONENT PAGE 2 OF 3
OF NEUTRON PLUS GAmMmp

INTERVAL 1y 150 = 300 MiEM
PROCESSOR NAME : NAME & NUMBER
OMITTED
PROCESSOR CODE NO.

TYPE OF DOSIMETER : FILM
~ SOURCE : CALIFORNIUM=252

IRRADIATION DISTANCE ! SHOWN BELOw
NOTE : DELIVERED DOSE EQUIVALENT INCLUDES THE

ROOM RETURN (SCATTER) CORRECTION FACTOR
SHOWN BELOw

DOSE EQe« IRRA. IRRA, DELIVERED DOSE EQUIVALENT

JOSIMETER DaTEe RATE TIME DIST, SCATTER SHALLOW DEEP
NUMBER IRRADIATED (MREM/MIN) (MIN) (CMm) CoFe (MKEM)  (MREM)
66 2=23-79 78,34 2,000 50 1,015 159. 159.
68 ynID 0= 0= 0 0.0 0.9 0 1.,01% 0 0.
71 2-25-79 78,22 2.613 50 1.015 207, 207,
209 3-22-79 19.25 3.482 100 1,060 71, Tl.
204 3-22-79 76.83 2.070 50 1,015 l1él. 161.
197 3=22-79 19,25 2.443 100 1.060 S0. 50,
201 3=-22=-79 76.83 2.536 S0 1,015 198. 198,
375 4=26-79 18,73 2.930 100 1.060 58. S8,
an 4-26-79 74,93 1.810 S0 1,015 138, 138,
362 4=26-75 18,73 3.73%9 100 1.060 : Té,.




CATEGORY VIIIs NEUTRON PLUS GAMMA

INTERVAL 1o

DOSIMETER

NUMBER

66

68

T
208
204
197
201
378
a7
362

vOID

150 « 300 MREM

PROCESSOR NAME :
PROCESSCOR CODE w~O.

TYPE OF DOSIMETER

TOTA_ DEEP DOSE EQUIVALENT
DELIVERED REPORTED

(MREMm) (MREM)
234, 300,
126, Oe
305, 349,
244, 255.
236, 344,
172, 225.
290, 385.
2o0l, 210,
202, 284,
254, 263

P AVERAGE

S

H AVERAGE

ABS (P AVERAGE) + 25§

L

0008805000

PASS

Pz (H®aH) /M

0.2821
-l.0000
0,1443
0.045]
044576
0.308]1
0.3276
ODe04san
0,4059

0.035¢

0.2279

= 0,1639%

237,06
= 00,5556

= 009732

20008t

PAGE 3 OF 3

NAME §& NUMBER

OMITTED

FILM



CATEGORY VIIIs GAMMA COMPONENT PAGE 1 OF 3
OF NEUTRON PLUS GAmMA

INTERVA, 2+ 301 = 5,000 MREM™
PROCESSOR NAME :  NAME § NUMBER

PROCESSOR CODE NO. : OMITTED
TYPE OF DOSIMETER : FILM
SOURCE : COBALT=60 IRRADIATOR

IRRADIATION DISTANCE : 100 C™

NOTE : DELIVERED DOSE EQUIVALENT INCLUDES A GAMMA=RAY
CONTRIBUTION FROM THE CF-252 SOURCE EQuUAL TO
7.033 PERCENT OF THE NEUTRON DOSE EQUIVALENT

DELIVERED DOSE EQUIVALENT

IaRA. IRRA, SHALLOW DEEP
DOSIETEFR DATE RaTE TIME EXPOSURE Cx=]1.01 Cx=l,01
NUMBER IRRADIATED (MR/MIN) (MIN) (M=) (MEM) (MHEM)
67 2- 8-79 85,31 15.092 1347 ,684 1589. 1569,
73 2= B=79 89,31 2512 224,32 266, 256,
69 2- 8=79 85,31 27+550  26460,49 2554, 2554,
200 3-12-79 88,28 7.138 630,17 654, 654,
202 3=12-79 88,286 12+9¢5 113,67 1360. 1360.
206 3-12-79 . BB.,28  l.lo02 97.2% 11e. lle,
210 3-12-79 88,28 12.325 1088,05 1294, 1294,
364 4= 9-79 87.40 3¢403 297,45 309. 309.
372 4= 9-79 87.40 13.173 1151,35 1213. 1213,
367 4= 579 .. B7.,640 24707 236,56 264, 284,




SOURCE :

IRRADIATION DISTANCE :

NOTE : DELIVERED DOSE EQUIVALENT INCLUDES THE
ROOM RETURN (SCATTER)
SHOWN BELOW
DOSE Eq. IkRRA, IRRA,
DOSIMETER DaATE RATE TIME DIST,
NUMRER IRRADIATED (MREM/MIN) (MIN) (Cwm)
67 2=24.79 78.28 41,380 S0
73 2=24-79 78,28 T«150 S0
69 2=24-79 78,28 12,550 50
202 3=27-79 T6.56 37.980 50
2lo 3=27-79 76.56 35,150 50
164 4=19-79 75,36 1.601 50
372 4-19-7% 75,36 9,485 50
367 4=19.79 75,36 8.485 50

INTERVAL 2+ 301 = 5,000 MREM

CALIFORNIUM=25?2

SHOwWN BELOw

CATEGORY VIIIs» NEUTRON COMPONENT
OF NEUTRON PLUS GAuma

PROCESSOR NAME

PROCESSOR CODE NC.

PAGE 2 OF 3

NAME & NUMBER
OMITTED

TYPE OF DOSIMETER : FILM

COQRECTION FACTOR

SCATTER
C.F.

DELIVERED DOSE EQUIVALENT

SHALLOW

(MREM)
3288,
S68.
947,
258,
2951.
226,
2809.
122
T726.

649,

DEEP
(MREM)
3288,

568,

997,

226.
2809,
122.

726,

645,




"+ CATEGORY VIIIs NEUTRON PLUS GAMMA PAGE 3 OF 3

INTERVAL 2+ 301 « 5,000 MREM

PROCESSOR NAME :  NAME & NUMBER
PROCESSOR CODE NO. : OMITTED

TYPE OF DOSIMETER : FILM

TOTAL DEEP DOSE EQUIVALENT

DOSIMETER DELIVERED REPORTED

NUMBER (MREM) (MREM) Pz (H®aH) /H

67 4877, 318e, =0.,3667

73 834, . 970. 0.1031

69 35851, 4210, 0.1856

200 9le, 990 0.0855

202 4311, 4465, 0.0357

206 340, 475, 0.3971

2lo 4103, 4460, 0.0870

- 364 431, 469, 0.08R2

372 1939, 2180, 0.1247

2 37 . 933, __1035.___ 0,109}
P AVERAGE = 10,0929

S = 0,1838

H AVERAGE 2223,.1
ABS (P AVERAGE) « 25 = 10,4604

L= 0,5000

®etaentgsne PASS ecssscvess
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SUMMARY OF RESULTS wsccsscesse
PROCESSOR NAME :  NAME & NUMBER
OMITTED

PROCESSOR CODE NO. :

TYPE OF DOSIMETER :

CATEGORY
CATEGORY
CATEGORY
CATEGORY
CATEGORY
CATEGORY
CATEGORY

CATEGORY

FILM

Iy GAMMA

Ils HIGH=ENERGY X RAY

IIls LOW=ENERGY x RAY
Ive BETA
Vo NEUTRON

Vi GAMMA PLUS HIGH=ENERGY X RAY
Vile GamMMa PLUS BETA

VIIIs+ GaMma PLUS NEUTRON

..

FalL
FAIL
FAIL
FAIL
FAIL
PASS
FAIL

PASS



