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PERFORMANCE TESTING OF

PERSONNEL DOSIMETRY SERVICES:

PROCEDURES MANUAL

'

ABSTRACT

The University of Michigan conducted a two-year pilot study of the

Health Physics Society Standards Committee (HPSSC) Standard titled, "Cri-

teria for Testing Personnel Dosimetry Performance." During the pilot

study, 59 dosimetry processors volunteered to submit dosimeters for test
.

irradiations according to the requirements and restraints described in

the HPSSC Standard.

The objective of the Procedures Manual is to describe the operational

conditions of the pilot study. The Manual describes source calibrations

(which were done or supervised by the National Bureau of Standards), ir-

radiation geometries, quality control, record keeping, data analysis,

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

eters.

The pilot study was conducted using the procedures and radiation

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

1977. The Procedures Manual was prepared prior to the preparation of
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the Final Report on the pilot study, which contains recommendations for

changes in the llPSSC Standard. Other interested groups are also expected

to recommend changes in the Standard after the Final Report is issued.

Thus, the reader of the Procedures Manual is cautioned that the HPSSC

Standard will undoubtedly have changed between the time the Manual was

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

From October, 1977 to September, 1979, The Calversity of Michigan

conducted a pilot study of the Health Physica Society Standards Committee

(HPSSC) Standard titled CRITERIA FOR TESTING PERSONNEL DOSIMETRY PERFOR-
*

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

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

categories and statistical criteria required by the 3tandard.

During the two-year pilot study, 59 dosimetry processors volunteered

to send us dosimeters for irradiation according to the requirements and

restraints described in the HPSSC Standard. Once a processor evaluated

their dosimeters, they reported their estimates of the delivered dose
4

equivalents to us. We then determined if the processor passed or failed

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

Each processor was permitted to be tested twice during the pilot

study. Test #1 was conducted from thy through October,1978, and Test

#2 was conducted from November,1978 through April,1979. For each test,

i

| a processor could choose to be tested in any or all of the eight radia-

tion categories defined in the Standard. The average processor partici-

i

pated in six categories. During the two-year pilot study, we administered

a total of 700 category tests among all the processors. These tests

required the irradiation of approximately 21,000 dosimeters.

!

*The version of the HPSSC Standard used for the pilot study was dated
November 30, 1977. This verision of the Standard is included in Appendix

' D. Following the pilot study, the Standard wao revised extensively,

4

4
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Table 1. Summary of HPSSC Standard prepared by The University of Michigan

Tolerance Level (L)
(*** " **Number of

Radiation Shallow Deep
-

Dosimeters
Category Interval Test Range Per Test (7 mg/cm ) (1000 mg/cm )

I. Ga=ma 1 Accident: 10-800 rad 10 no test a(Co-60) 2 Protection: 30-100 mrem 10 no test b
3 101-300 mrem 10 no tent b
4 301-10,000 mrem 10 no test b

II. X Ray 1 Accident: 10-800 rad 10 no test a
(30-300 kev) 2 Protection: 30-100 mrem 10 e c

3 101-300 mrem 10 e c
4 301-10,000 mrem 10 e c

III. X Ray Accident: no test -- -- --

(15-30 kev) 1 Protection: 150-300 mrem 10 e c
2 301-10,000 mrem 10 e c

IV. Beta Accident: no test -- -- --

(Sr-90) 1 Protection: 150-300 mrem 10 e no test
2 301-10,000 mrem 10 e no test

V. Neutrons Accident: no test -- -- ~~

(Cf-252) 1 Protection: 100-300 mrem 10 no test c
2 301-5,000 mrem 10 no test c

VI. Photon Mixtures Accident: no test -- -- --

(Cat. I & II) 1 Protection: 50-100 mrem 10 e c
2 101-300 mrem 10 e c
3 301-10,000 mres 10 e c

VII. Photon and Beta Accident: no test -- ~~ --

Mixtures 1 Protection: 200-300 mrem 10 e c(Cat. I or IIS IV) 2 301-10,000 mren 10 e c

VIII. Photon and Neutron Accident: no test -- -- --

Stixtures 1 Protection: 150-300 mrem 10 no test c| (Cat. I & V) 2 301-5,000 mrem 10 no test c

For each dosimeter, a performance indi x is calculated by:!
1

P=H'-H where:g H, = delivered quantity
H = reported quantity

For each depth of each interval, an average performance index, E, and its standard
| deviation, S. are calculated.

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

|P|+2S1L
where:

a: L = 0.3
b: L = 0.3 or 6/ /jf whichever is larger ,

L = 0.5 or 15//l[ whichever is largerc:
i

1

i

l
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3

In addition to the open tests, we blind-tested seven of the large

commercial processors. The blind testing program involved a total of

70 category tests and 1,680 dosimeters.

The objective of this Procedures Manual is to describe the operational

conditions of the pilot study in sufficient detail to permit another labor-

atory to duplicate our procedures. The Manual describes our source cal-

ibrations, irradiation geometries, quality control, record keeping, data

analysis, and method of receiving, handling, and returning large numbers

of dosimeters.

This Procedures Manual was prepared prior to the preparation of the

Final Report on the pilot study, which will contain our recommendations

for changes in the HPSSC Standard. Other interested groups are also ex-

pected to recommend changes in the Standard after the Final Report is

issued. Thus, the reader of this Procedures Manual is cautioned that

the HPSSC Standard will undoubtedly have changed between the time this
i

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

|
1

i

MWo r



4

i

i

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 t- ries involve appropriate combinations of the

sources used for the first five categories.

All calibrations were done with ionization chambers placed free in "

air, but all dosimeters were irradiated while mounted on a phantom. Six

phantoms were constructed for convenience, so one phantom could be left

with each of the six radiation sources throughout the pilot study. Each

phantom is a Plexiglas box, 30 x 30 cm by 15 am deep, filled with water.

Six dosimeters, one from each of six different processors, were attached

to a phantom and irradiated at the same time to the same quantity of ra-

diation. The six irradiation positions on the front face of each phantom

are shown in Figure 1. Calibration of each radiation source involved

exposure (or absorbed dose) rate measurements at each of the six posi-

tions at which dosimeters were placed on a phantom. The irradiation

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

At each source, a phantom was placed on a permanent stand. The height

| of each stand was fixed in order to keep the phantom in the center of the

radiation beam. A platform was mounted on top of each stand, and a phantom

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

|



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

g(e)

Irradiation Conditions ,d) * ir ERadiation NBS a
Category Interval Radiation Source Technique Dist. (cm) Approx. Rate' Shallow Deep (kev)

I. Gamma 10-200 rad (a) Co-60, teletherapy 200 15 R/ min 1.01 1.01 1250g)
201-800 rad 100 60 R/ min" " " " "

30-100 mrem Co-60, Irradiator 200 25 mR/ min " " "
" "101-300 mrem 100 100 mR/ min " " "
" "301-10,000 mrem 100 100 mR/ min " " "

II, X-Ray 10-800 rad X-ray machine MFK, 20mA 100 10 R/ min 1.34 1.34 91
(30-300 kev) 30-100 mrem MFK, SmA 100 15 mR/ min 1.26 1.26 204

" "

101-300 mrem HFG, 10mA 100 50 mR/ min 1.35 1.35 118
" "

301-10,000 mrem MFG, SmA 100 750 mR/ min 1.28 1.23 54
" "

X-ray machine ( ) L-G, ImA 200 100 mR/ min 0.81 0.26 20 *III, X-Ray 150-300 mrem
(15-30 kev) 301-10,000 mrem L-G, 4mA 200 300 mR/ min" " " " "

IV. Beta 150-300 mrem Sr-90 irradiator 35 150 mrad / min
" "301-10,000 mrem 35 150 mrad / min

V. Neutron 100-300 mrem Cf-252 irradiator 100 25 mrem / min
" "301-5,000 mrem 50 100 mrem / min

(a) The single interval f rom 10 to 800 rad was subdivided for case of irradiat ion at two distances,

(b) A Ceneral Electric Maxitron 300 X-ray machine was used for all intervals of Category II. j i

,

(c) A General Electric XRD-5 X-ray machine was used for loth intervals of Category III.

(d) Exact exposure rates and absorbed dose rat es were measured with appropriate ionization chambers.

(e) values Of C are given in Table 2 of the HPSSC Standard. They are used to convert from erposure to dosex
2) and deep (1000 mg/cm ) depths in t issue. Values of f.x are weighted2equivalent index at shallov (7 ag/c:4

averages for each complete fluence spectrum.

2(f) Values of E, the average energy of a photon spectrum, were measured by CSF .
.

%
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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 platform for dosimeter irradiations. The

phantom was pushed back a distance equal to the radius of an ionization

chamber for calibrations so the ionization chamber could be properly po-

sitioned before the phantom was removed.

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 irradiation positions on

the face of a phantom. Thp 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 denuitometer was used to examine the uniformity

of the radiation beam among the six irradiation positions.

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 floor, and the source and were recorded on a schematic

drawing of each room. A schematic drawing was posted at each' source to

make alignment quality control checks simple and consistent. Levels were

placed on the phantom to be sure the face of the phantom was always per-
,

1pendicular to the radiation beam. A rigid bar was cut for each source '

1

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

1
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I the same each time. Each measuring bar was labeled beta source, gamma

I 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

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

Standards (NBS).

3
The X-ray and cobalt-60 sources were calibrated with either a 3 cm

or a 100 cm Shonka-Wyckoff ionization chamber manufactured by Exradin,
I
'

Inc. Both chambers were calibrated by NBS for specific NBS X-ray tech-

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

The strontium-90 source was calibrated first by NBS and then with

The University of Michigan's extrapolation chamber.

.

|The californium-252 source was calibrated by NBS.

.

'

Throughout the pilot study, close ties were maintained between the

testing laboratory and NBS. Before Test #1 began, NBS calibrated the

two ionization chambers that were to be used to calibrate all the photon

sources required for the pilot study. At the conclusion of Test #2, the

ioni.7 tion chambers were again calibrated by NBS. A team of five people

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

:

!
!

~
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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 possible.

The following parts of Section II describe the procedures developed

to calibrate and use the six radiation sources required for the pilot

study. Floor plans of the irradiation facilities and specific calibra-

tion data are given in the Preliminary Phase Report prepared in April,

1978.

B. Cobalt-60 Irradiator

A 5-curie cobalt-60 irradiator with a 30* beam port was purchased
.

from J.L. Shephard and Associates. Irradiation distances of 1 and 2 meters

were chosen for the protection intervals of Category I. At each distance,

a Plexiglas phantom was placed on a stand and aligned in the center of

the beam. Once the correct alignment was determined, two permanent plumb

bobs (110 g each) were hung from the ceiling with nylon lines so the align-

ment of the phantom could be reproduced. Also, a plumb bob was hung from

the ceiling above the source so that any movement could be detected. The

beam extended approximately 50 cm beyond the edges of the front face of
l

| the phantom. Rigid bars 1 and 2 meters long were fabricated to assure

3reproducible distance measurements. The 3 cm ionization chamber with a
!

plastic buildup cap to produce electronic equilibrium was used for cali-

bration.

r'
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The following procedures were used for calibration. Four different

measuring systems were used to determine which ones would be most accurate

and to determine the agreement among the systems. The systems were:

Keithley model 610B electrometer, Keithley model 610B electrometer with

Leeds and Northrup Potentiometer, Cary model 31 electrometer, and Cary

model 31 electrometer with Leeds and Northrup Potentiometer. At a later

time, a Keithley model 616 electrometer was also used. It was determined

that the Cary model 31 and the Keithley model 616 systems were the most

accurate and reliable. However, there was fair agreement when the Keithley

model 610B electrometer was used together with the potentiometer. It is

f elt that using diff erent techniques enabled the testing laboratory to

have some redundancy in the ucasurement 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 frcm a mean among all six phantom positions.

At the 2 meter distance, only three phantom positions (#2, ft3, 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
1

room was less than 0.1%. The electronics were removed as far as possible
1

'from the direct and scattered radiation. Two line frequency tLmers, two

barometers, two thermometers, low-noise cables, and proper connectors were

used to insure accuracy of the measurements.

|
|
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To check the effect of source-shutter functions, the source was

raised and lowered several times with the timer, whicl. is activated when

the source is in the irradiation position, used to record the total source-

on time. The actual irradiation time, computed from the stea?y-state

ionization current determined in earlier measurements, was compared to

the time on the irradiator's timer. The dif ference, 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 slutter time errors were insignificant.

The linearity of the exposure rate was also checkeJ by measuring the

exposure rate as a function of exposure time. It was determined that the

exposure rate was constant for times greater than 0.5 minute.

Leakage current of the electrometer system was measured after each
-14

set of six measurements. The leakage current averaged about lx10 a pere

and was corrected for in the calibration measurements.

i

|

1

, 1

|
!

1
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C. Cobalt-60 Teletherapy Unit

The University of Michigan Hospital's 2700-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 edges of the

phantom by a_ f ew centimeters. The phantom was then pushed back on the

3
pictform a distance equal to the radius of the 3 cm ionization chamber.

The chamber with a plastic buildup cap to produce electronic equilibrium
)

was placed at Position 1 (see Figure 1) . Tne phantom was then removed,
,

and the exposure rate was measured with the Cary electrometer, or its

equ ivalent, operated in the capacitance mode. The procedure was repeated

for each of the other five positions on the phantom. The average exposure

rate among the six positions was then calculated.

D. Iligh-Energy X-Ray Machine

A General Electric Maxitron 300 X-ray machine was used to irradiate

dosimeters for Category II. The machine has an inherent filtration of

4.75 mm Be. Four NBS X-ray techniques were used for Category II, one

for each of the four intervals. The filtration and kilovoltage used for

these four techniques are shown in Table 3.

A Plexiglas phantom was mounted on a stand and aligned in the center

of the X-ray beam. Two commercial plumb bobs were permanently suspended

with nylon line from the ceiling so the alignment of the phantom could
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Table 3. X-ray techniques used for The University of
Michigan dosimetry performance pilot study.

.

GSF UM
# #" * * ^"E'Filtration (mm) NBS Measured CalculatedX-Ray Machine Category Interval g Se Al Cu Sn Pb Technique E (kev) E (kev) x x

-shah w C -deep

C.E. Maxitron 300 II 1 200 4.75 4.85 5.00 MFK 91.1 107.5 1.342 1.338
C.E. Maxitron 300 II 2 250 4.75 3.97 0.60 1.03 2. f i HFK 204.2 205.3 1.262 1.262
C.E. Maxitron 300 II 3 150 4.75 4.00 4.00 1.46 HFG 117.5 118.5 1.349 1.349

HC.E. Maxitron 300 II 4 100 4.75 6.31 MFG 53.9 57.5 1.283 1.233 W

C.E. XRD-5 III 1 and 2 30 0.25 0.37 L-C 19.7 19.0 0.813 0.259

*

CSF: Cese11schaft fur Strahlen-und Umweltforschung mbli, (ref erence 2) .
.

:

I
1
1
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be reproduced. The beam was collimated with lead so that it extended

beyond the edges of the phantom by approximately 5 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 fece were reproducibic for all irradiations.

Two elapsed timers, driven by power line frequency, were used to time

all irradiations.

Calibrations at the six positions on the face of the phantom were

made with the 100 cm ionization chamber. The Cary electrometer was used

with the Leeds and Northrup Student Potentiometer in the null mode to

measure exposure rates for each NBS technique. The Cary electrometer

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

measurements were compared to exposure rates obtained with the potenti-

ometer. The Keithley model 616 was also used as a redundant check. Re-

dundant calibration measurements made with several different systems were

made at only one of the dosimeter positions. The exposure rates measured

among the systems differed by about 0.5%.

The exposure rates were then determined repeatedly (5 to 6 measure-

ments) at each phantom position. It was concluded that the variations in

the average rates for all six phantom positions were no larger than the

variations in the individual measurements at any one position.
]

When dosimeters were to be irradiated, the following procedure was

followed. The ionization chamber was placed at one of the six phantom
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positions, and the phantom was removed. The ionization chamber was placed

so that the center of the spherical chamber was in the same plane as the

front face of the phantom would be when the phantom was returned to the

stand for dosimeter irradiations. Five measurements of exoosure rate

were then made. The ionization chamber was then removed and the phantom

placed on the stand. Dosimeters were irradiated during the working day

with a beam monitor in continuous operation. The output of the beam mon-

itor was recorded on a strip chart recorder. At the end of the day, the

beam was calibrated again with the ionization chamber.

If the beam monitor showed no significant changes in the output of

the X-ray machine during the day, then the initial and final exposure

rates were averaged. The average exposure rate was combined with the

recorded irradiation times for the dosimeters to calculate the exposure

to each dosimeter. At no time during the pilot study did the initial

and final calibrations differ by more than 2%.

The electronic equipment was placed in a small room next to the X-ray

room with a cable leading through a lead-covered opening in the wall.

This eliminated scattered radiation from affecting the electronics. !

Low noise cable, automatic timing, a Data Precision and a Keithley digital

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

1

surements.
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i

The quality of the beams was determined by measuring the first half
. t

value layer (HVL ) and the homogeneity coefficient (h) defined as the
1

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 HVL was within

5% of the HVL measured by NBS, and if the measur . value for h was within
1

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
i

that there was no significant difference in the exposure rate for 1.0

minute to 10 minutes irradiations. Therefore, the minimum time used to

irradiate dosimeters was 1.0 minute.
|

!

| The leakage current of each system was monitored periodically during
|
! the calibrations, and corrections were made for leakage. The leakage
I -14
| current averaged about lx10 ampere.

I

,

l'

The rem / roentgen conversion factor (5 ) for each X-ray technique was

i 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,

f
!

! required for the calculations were obtained from the Radiological Health

Handbook. Calculated values for E at shallow and deep depths in tissuex

are shown'in Table 3.
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An upper estimate of room scatter was made by shielding the ioniza-

tion chamber from the primary beam. This experimental measurement showed

that the maximum room scatter was approximately 1.6% at 1 m from the tube

head.

E. Low-Energy X-Ray Machine

A General Electric XRD-5 X-ray machine was used to irradiate dosimeters

for Category 111. The machine has a. Inherent filtration of approximately

0.25 mm Be. A single NBS technique L-G, with different tube currents,

was used for the two intervals of Category III. The filtration and kilo-

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

A Plexiglas phantom was mounted on a stand and aligned in the X-ray

beam. Two commercial plumb bobs were permanently suspended with nylon

line from the ceiling so the alignment of the phantom could be reproduced.

The beam was collimated with lead so that it extended beyond the edges of

the phantom by approximately 5 cm. A rigid aluminum bar was cut to the

appropriate length so that the measurement from the X-ray tube head to

the phantom was reproducible for all irradiations.

The same calibration and irradiation procedures were used for the

XRD-5 X-ray machine as were used for the Maxitron 300. These procedures

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

An upper estimate of room scatter was made in the same manner de-

scribed for the high-energy X-ray machine and found to be 1.2% at 200 cm.

The quality of the beam was determined by measuring the first half value

layer (HVL ) and the homogeneity coefficient (h).
1

|

|
|

|
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I

' F. Stron' tium-90 Irradiator
,

90 90'

i The HPSSC Standard requires a sealed Sr/ Y beta-particle source

2equipped with_a 100 mg/cm filter of low atomic number. A 40-mci strontium-90

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

[ The active portion of the source is a disk,1.27 cm in diameter by - 0.635 cm
4

| thick. The source was mounted in a custom-made irradiator constructed
.

{
of 1.27 cm thick Plexiglas surrounded by 0.32 cm lead. The irradiator,

shown in Figure 2, was equipped with a solenoid-activated shutter con-
t
1

! trolled by a precision digital timer.
1

1

I

The source was encapsulated in 60'ag/cm stainless steel. It was

calibrated by NBS at a distance of 35 cm and found to produce 189.0 mrad / min
4

in -tissue (water) . However, the HPSSC Standard requires an encapsulation
1

1 2of 100 mg/cm . Therefore, when the source arrived at The University of'

1

Michigan, it was first calibrated with the University's extrapolation

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

4 dose rate of 188.9 mrad / min in tissue (water) was measured. This result

{
compared favorably with the beta-particle measurements made by NBS. Finally,

! an additional 40 mg/cm Mylar were added to the encapsulation of the source.
!
1
!

'k1 extensive investigation of the beam showed that although beta

j particles were_ emerging from the source at nearly a 2n solid angle, the
!

! -beam was not uniform. At a distance of 35 cm from the source, an area

i

j of.only 3 cm in radius at the center of the beam showed uniform absorbed
1

' ~ dose rates., At 5 cm from the center of the beam, the absorbed dose rate
t

i

{
1

i

,

4r r., , - - - , _ . _ _ . . , ,,_.-_.,_.,.mm . ._e,- r- - . _ - - m, - - - . - - - - , - -
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fas 2% less than at the center. Therefore, only one dosimeter at a time

could be irradiated with the strontium-90 source, instead of the six do-

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

The extrapolation chamber was positioned 35 cm from the source (the

closest irradiation distance permitted by the llPSSC 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

27 mg/cm from a source encapsulated in 100 cm/cm . A difference of 3.35%

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

G. Californium-252 Irradiator

The 11PSSC Standard requires a californium-252 neutron source with

such an activity that the required irradiations can be performed at a

distance of not less than 35 cm. A 0.7 mg californium-252 source was lent
,

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

had an emission rate of 1.56 x 10 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 licalth.

The building is a moderately sized storage room with a floor space of ,

|
anproximately 7.5 x 33 meters and a height of 6 meters. When not in use, ;

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

used to deliver the source. The cask was placed in a 122 cm diameter,
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122 cm deep pit in the floor. The source was scre ed into a hollow alum-
4

inum wand 0.9 cm in diameter and 46 cm long. The hollow wand was attached
i

to a solid aluminum shaft 1.3 cm in diameter and 163 cm long. The solid,

|

I shaf t slid inside two hollow aluminum guide tubes, one mounted to the
i

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.

't

; The source was raised from the cask for use, and moved up through

the lower guide tube to a reproducible point midway between the two guide4

tubes. The reproducibility of positioning was checked using a high-power
a

telescope and a mirror so that a movement of 0.5 mm could be observed.

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

A steel cabic attached to the top of the solid aluminum shaft per-

} mitted the source to be raised an~d lowered manually from the control

room located about 23 meters from the storage pit. The pit was covered

so.that if the source should drop off the vand 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-
i

ifornium-252 source for the required irradiations.<

;

,

i Equation (3) in Section III C of this Manual shows the method used
i
'

to calculate a delivered neutron dose equivalent produced by this source.
'

The gamma-ray exposure rate was estimated by NBS to be 7.033% of the

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

Manual shows the method used to calculate a delivered gamma-ray dose
i i

$*

|

|

,
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equivalent produced by this californium-252 source. The gamma-ray ex-

posure rate was accounted for in Category VIII.

When the source was used, a phantom was mounted on a stand and posi-

tioned at either 50 cm or 100 cm from the source, depending on the dose

equivalent rate desired. Radiographic film exposed to gamma rays emitted

from the source was used to determine proper alignment of the phantom.

Permanent plumb bobs and reference distances were used as described for

the other radiation sourcec to insure that phantom alignments were re-

producible. The phantoms remained in their fixed position throughout

the pilot study. The operator mounted a ladder to place and remove the

dosimeters.

A concrete-block wall 19.3 cm thick and a shielded area for dosimeter

storage, of the sane thickness, were built in the control room to protect

the operator and dosimeters. Shielding information was obtained from the

Californiun-252 Shielding Guide.

The National Bureau of Standards calculated that room-scattered neu-

trons would increase the calculated neutron dose equivaler.t rate by 1.5%

for dosimeters irradiated at 50 cm from the source, and by 6.0% for do-

simeters irradiated at 100 cm. An effort was made to irradiate all dosimeters

at 50 cm to minimize the effect of room-scattered neutrons.



_ _ _ _ . _ - _ -

23

wooden center beam
i

\\\\\ \ \ \ \ \ \ \ \ i \\ \ \\ \ \ \ \\\ \ \ \ \ \ \\\ \\ \ \\\\\\\ \\\ \\\\\\\\\ \\\\\ \ \\ \\\\\\\\
"a
o to control room,

pulley

adjustable supports
5 /:
y ; upper guide tube
B

-, *- 1. 9cm
" o

ik

steel cable point at which source stops
;-

each time (phantoms are
placed radially outwards)

U> o a
ao it n
n" s
9

v
;--O -

lower guide tube

"w
w
g shac:-le for cable

$
R _ solid aluminum shaft, 1.3 cm diameter

\: adjustable supports

-= +-.10c

F <
i r

vums summs us ss9 i.m usosusmmmmmm
I i

g | ] source wand
w n ,

1N 3 gN I
g cy Cf-252 source" It

cask ( 91cm x 91cm),,

1r

e- 91cm --e
NOTE: NOT f0 SCALE

4-.-- 122cm

Figure 3. Guide tubes used te position the californium-252 source.

..



24

III. 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:

11 =E X t (1)
x "I#
air

where:

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

5 = average conversion factor for either the shallow or deep
* ir depth calculated from the IIPSSC Standard (mrem /mR)a

.

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

t = irradiation time (min)

B. Beta Source

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

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

4 H = 0.9665 D -Q* (2)
tissue

where:

H = delivered dose equivalent at 7 mg/cm (mrem)

0 = absorbed dose rate measured at the surface of a tissue
issue equivalent material (mrad / min)
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Q = quality factor for beta particles, assumed to be unity
(mrem / mrad)

t = 1rradiation 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:

x 0- N RS t 60.

H (3)=

4nx

!

where:

H = delivered dose equivalent produced by neutrons (mrem)

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

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

t = irradiation time (min)

x = irradiation distance (em)
~

3.4 x 10 = dose equivalent conversion factor given in the HPSSC
S sndard (mrem-cm2/n)

60 = time conversion factor (sec/ min)

The gamma-ray dose equivalent rate was calculated as:

3.4 x 10-5 * N t 60 0.07033-

Hg 4)=

4nx

, . . , - .~. - _ - . - - -.- - , .
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Where:

0.07033 = fraction of primary neutron dose equivalent rate (ex-
clusive of room-scattered neutrons) calculated by NBS
to define the gamma-ray dose equivalent rate

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

defined in equation (3) .

\

,
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IV. OUTLINE OF PROCEDURES

A. Scheduling Test Irradiations

On the average, each processor submitted 150 dosimeters for each of

the two tests, plus a few extra dosimeters for controls and in 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 months

between Test #1 and Test #2 to make any adjustments in their procedures

they believed to be necessary as a result of their performance in the

first test.

Each of the two tests was completed in si:t calendar months. The 59

participating processors were divided into two groups for convenience.

One group participated in the first three months and the other group par-

ticipated in the second three months of a testing period.

Creat care was taken to insure confidentiality between the testing

laboratory and each processor. A rendomly chosen code number was assigned

to each processor. If a processor submitted more than one type of dosim-

| cter, each type was assigned a different code number. With the code numbers,

a processor's results could be discussed with the NRC and other interested

groups without revealing the identity of the processor.

.

|
L
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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.

If 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
f

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

Iappeared on line 1 of the corresponding data sheet. Dosimeter numbers

were limited to five digits; no dashes or letters were recorded. These

and other restrictions were adopted to enable the testing laboratory to

use a computer code to evaluate the processors' performance.
!
<

When an envelope was filled with the dosimeters to be irradiated,

it was placed in the appropriate storage box. Eight storage boxes were

kept in a low-background room, one box for each of the eight radiation
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.

categories. Each storage box was divided into sections, one section for

each interval within a category. The storage boxes made it convenient to
,

'

carry the dosimeters to the appropriate radiation source.
i

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 individual envelopes that were dated at the

time of irradiation, make it easy to determine the number of irradiations

still to be done at any time during the month.,

t

!

I Irradiations were evenly distributed over the three months of a test.
i

; 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 lef t in the shipping bcx, and their numbers were not
.

; recorded. Shipping boxes were placed in numerical order on storage shelves
:

located in the low-background room with the storage boxes. Letters of

special instruction accompanying the dosimeters and shipping receipts
;

,

were placed in a 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-,

|

|
.

r

i

-
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valents according to the specifications of the HPSSC Standard. The pro-

cedures followed on the day of irradit' ion were:

1. The radiation ource room i ce used was checked with a survey

meter to determine if any radir' ion sources had been left out
|

in the room.

2. Processor envelopes ;a selected six at a time.

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

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

'

on an envelope.

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

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

7. In mixed categories both data pages were checked to assure correct
numerical order of dosimeter numbers. Numbers were written on

, both pages of a mixed category when the first irradiations were
|
| made for the month.
!

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

,

| 9. Daily exposure rates were listec in the back of the Irradiation j

| Log Books kept for each radionuclide source.
!

,

10. Quality control data and exposure rates for the X-ray machines J
|

were recorded in the back of the Irradiation Log Books kept for I

each X-ray machine.

11. Misirradiated or lost dosimeters were recorded in the Administra-
tive Log Book, together with dosbmeter number, processor number,

,

l error committed, and replacement dosimeter number. If a dosimeter

was lost, the processor was notified. If a miairradiation de-
manded extra dosimeters from a processor, the pt,cessor was no-
tified by phone as soon as possible.

)

i
!

,

i

|

|

J
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:

D. Returning Dosimeters
,

Approximately'two man-days were required at 'e end of each month

to prepare the dosimeters for return to the processors. The procedures
*

followed at this time were:

1. Dosimeters were removed from the envelopes and placed in the,

correct shipping box.

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

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

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

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

E. Evaluating and Reporting Test Irradiation Results

,

When a processor sent all of the reported dose equivalenti to the

testing laboratory, a computer program was run for each cat > gory in which
!

the processor participated. A copy of the printout was placed in the

j 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.

,

!,
,

- - - . - -- . , ,. . .. - - . - = . , -- .
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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 was assigned to each processor who chose to be tested in that

category. Appendix B shown a sample data page for each of the 8 radia-

t ion categories. The Administrative Log Book contained the following

lists:

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

2. addresses, telephone numbers and contact persons for each processor.

3. processors by code number, the 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 temperature,' atmospheric
pressure and relative humidity. These checks showed that environ-
mental conditions did not change significantly during the pilot
acudy. The data were not used beyond the documentation of en-
vironmental conditions.

Also included in the Administrative Log Book was a section where daily items

were recorded such as phone calls to processors, problems with shipping,

mistakes and corrections made, equipment failurei lost dosimeters or

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

consequence.

l
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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 powcrful quality control procedure was the simultaneous

irradiation of dosimeters from six different processors. Any dosimeter

with a reported dose equivalent that differed significantly from the de-

livered quantity could be compared to five other simultaneously irradiated

dosimeters from five other processors. If the testing laboratory made a

mistake in the positioning of the phantom relative to the radiation source,
4

in the. timing of the irradiations, etc., all or most of the six dosimeters

should reflect the error. Because the time of day and date of irradia-

tion were recci Jed for each desimeter, and a list of participating pro--

cessors was available for each category, it was a simple procedure to

trace a dosimeter in question.

This procedure worked extremely well for questions by processors of

the dose equivalents delivered. However, a problem resulted when some

of the other five processors had not reported their results and a com-

parison could be made only with the few processors which had reported.

Bad or erratic performance by another processor involved also weakens this

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

vided by the processors and not just the testing laboratory.

_
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Once the radionuclide sources (strontium-90, californium-252, and

two cobalt-60 sources) were calibrated, th-air output remained constant

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

rections were made.

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

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

tions on the day of irradiation as discussed in Sections II D and II E.

)

i

f

|

L
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V. BLIND TESTING

Seven commercial processors were blind-tested during the pilot study.

A utility company was asked to subscribe to each of the seven processors

ostensibly to use the dosimeters in end around their nuclear power plant.

The utility company then shipped the dosimeters they received to the testing

laboratory to be irradiated with the same procedures applied to the open

tests. At the end of the month, the dosimeters were returned to the utility

company which mailed them to the seven commercial processors. All ques-

tions, problems, and answers regarding dosimetry, results, and radiation

sources were relayed through the utility company to preserve the blind

tests. The utility company was not shown the pass / fail results of the

p rocessors . The seven processors were blind-tested during the same months

in which they were tested openly. Although this method was effective

for blind testing large commercial processors, it would not work to blind

I test small or in-house processors.

.-. .
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VI. RECOMMENDATIONS

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

dosimetry testing program according to the requirements of the llPSSC 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 te 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.

1. 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,
l

it virtually exploded. Solid slabs of acrylic and othcr plastics j

are no more expensive than the labor required to build a Plexiglas

box that can be filled with water.

i

2. Shipping Containers. Only a few processors ship dosimeters

regularly through the mail. Many processors shipped dosimeters

in weak containers, such as shoe boxes, and they continued to

use the containers until they literally fell apart. Consequently,

some dosimeters were lost during shipment. The testing labor-

atory should replace substandard shipping containers with sturdy

; containers.
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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 testing laboratory at or before the beginning of

the month. During the early part of Test #1, several processors

were very casual about shipping their dosimeters; some dosimeters

did not arrive at the testing laboratory until tha 15th or 20th

of the month. We adopted a rule that any dosimeters arriving

af ter the 5th of the month would be returned unirradiated. This

solved the problem except for an occasional oversight by a 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
I

processor challenged the delivered dose to a particular dosimeter

irradiated with X rays, the calibration and irradiation infor-

nation could be checked including the actual irradiation time

recorded on strip-chart paper. Some method should be available

for the radioisotope sources to verify that the irradiation time

recorded was, in fact, the true irradiation time. Perhaps beam

monitors and strip chart recorders should be used with all ra-

diation sources.

:
'

,
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APPENDIX A
t

Format of data pages kept in
Administrative Log Book.'

1

I

.
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DAILY ENVIROWENTAL CHECK

DATE BAROMETRIC PRESSURE % HUMIDITY TEMPERATURE
.
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APPENDIX B

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

L
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CATEGORY: 1, Gamma

I?UERVAL: 1, 10-800 rad

Source: Cobalt-60 tele. therapy Processor Name:

Irradiatien Distance: shown below Processor Code No.:

Type of Dosimeter: 'T IL % ,

w

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

Line . Number Irra. (R/ min) (min) Position Dist.(em) Time Deep

1 3+ O22079 SAS9 782. 4 /00 /74 0 g9s.

2 II O22079 5AS4- 9 86 4 /oo l'750 550

1 52 022079 5 A .'s4 /3.81 + foo 1800 (c00

4 2. 022079 54.s4 /2.9/ 4- /00 /6/0 Gso.

5 154- 032.079 53.99 11. 8 3 3 /00 /830 620

6 182. Oszo79 53.99 lo.40 3 /00 /840 eco.
'

7 17 0 032o79 53.9a I.95 3 /co /850 | So,

8 304 041679 53.E 3.5 7 3 /co IZOO 2 55.

9 34-2 04-1879 53.43 (o.l5 3 /oo IZ. ; D Oco.

10 322. 04tB79 53.4 3 8.45 3 /o o rzzo goo.

_ _ _ _ _ _ _ .



- . - , , - - - . _ - ,j ...a-- ---------------------m +am , -+mC . 2. A.m- _m s-~.C.m4-#. L - --o-4-44 'A- -- 3 m

.

CATEGORY: 1, Camma

INTERVAL: 2, 30-100 mrem

Source:- Cobalt-60 irradiator Processor Name:

Irradiation Distance: 200 cm Processor Code No.:

Type of Dosir eter: ;-gt g

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

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

1 4 c2/ 67f 22.49 I40,5 Z 101o 70,

2 33 O2/579 22 A 9 252 5 2. IOl4 ico.

3 5/ ozf 5 79 22.49 | 96.s 2_. tozo 90.

/63 03 5 7cr z2;s Al4.f> R in 97 .4

(37 632G79 zzis a59.G R (a t o I a 2.s
,

6 ICk N 03ab79 22. la ,O 2 iats a 6,

7/ 03267q zzi8 103 4 1 ino 457

8 30 s 042079 2J.98 ?EG 2 1200 lo l.

321 042019 Zl. ?P, | ( 7. 2 2 (20) to D ,9

,

10 34D 092D19 2L96 225.(o 2- 120 2- i b7 -



_ - _ _ _ . - . .

CATEGORY: 1, Gamma

INTERVAL: 3, 101-300 mrem

Source: . Cobalt-60 irradiator Processor Name:

' Irradiation Distance: 100 cm Processor Code No.:

Type of Dosimeter: T it. At
.

Exposure Irra.

Dosimeter Date Rate Time Phantom Reference Reported Dose (mrem)
,

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

35 o2267.9 es.7 3 tco3,5 2 1325 290.1 g

2 3 o z 2 G 7.9 es.7 3 99 4 2 isze I to s.

3 27 OzzG79 UO.73 I (o O. 5 Z- i331 2.70.

4 172 032279 B7.97 115.3 3 to/5 eo.

5 |62 03227 9 87.97 ( 21.2. 3 /0/6 200

6 (3P3 032.2.79 87.97 163.3 3 1017 (67

7 { 92. 032.2.79 87.97 141.1 3 IO)P> 2eto.

8 308 04 t B~7 9 87.1( 14 6,2_. 6 i cc6
.

260

9 34 9 0 4t B7 9 6LI( 93.5 6 rooi t35,

10 323 041979 6'7. | ( 7 2.La (o I00'L I35.

.

-- _

.,



CATEGORY: 1, Gamma

INTERVAL: 4, 301-10,000 mrem

Source: Cobalt-60 irradiator Processor Name:

Irradiation Distance: 100 cm Processor Code No.:

Type of Dosimeter: E tLh\

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

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

1 25 ozzo7s 99.92 42c/a. 3 oe s2. 7400

2 53 022o7y eg, 9z 63i.5 3 o345 iioo.

3 36 ozzo79 88.92 fo')A.3 3 0 9 sco \ to o.

4 5 ano7 9 89. 9z 4 77.z 3 i oo'7 no,

5 195 03d777 6'7,8 | MM, 5' |bOC 5100,

6 19| 039777 {{].@h O Yl . f .5.- (GCC toca.

7 174 o3a.779 13 7 - 8I Y73 O 3 /G / O 750.

8 35A o4os79 G 7.43 3 % I.. 3 17c0 e300

9 3 3L OkOb73 $7e C3 3G0-0 3 1600 goo.

306 ottoB79 67,'3 Glco,. 3 LFOd iococ,10
,



CATEGORY: 2, X Ray

INTERVAL: 1, 10-800 rad

NBS Technique: MFK Processor Name:

Machine Settings: 200 kV, 20 mA Processor Code No.:
Added Filtration: 4.85 m A1, 0.5 m Cu

Type of Dosimeter: CILM
Irradiation Distance: 100 cm

Exposure Irra.

Dosimeter Date Rate Time Phantom Reference Reported Dose (rad)
Line Number Irra. (R/ min) (min) Position Time Deep

: 37 022379 9,83 e,58 2 /200 (o7 5 ,

2 55 C22379' 8,83 20.o9 z /2.50 385, S

3 /o 022379 RB3 3.83 2 /300 27,

4 2b 022379 p.e3 50.9\ 2 /3 36 fr \ 3'.

5- |6(o 032679 10.8 3 4&i 0 / /200 675

6 1bI 03Z(o79 10.83 7. J + / Ntc 79.

7 19 3 032679 10,B3 52.33 / B/D G25

a 366 c42579 to.s4 22.bh 3 8o/ 150

9 34S 042579 Io?4 25 & 3 /3o2 6to.

3If C42579 1054- 1131 /363 35 510



, _ . . __ _

CATECORY: 2, X Ray

INTERVAL: 2, 30-100 mrem

NBS Technique: IIFK Processor Name:

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

Added Filtration: 3.97 mm A1, 0.60 mm Cu, 1.03 mm Sn, 2.65 mm Pb
Type of Dosimeter: FunIrradiation Distance: 100 cm

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

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

1 2.4 022179 20.44 /.6 9 2 12/5 (co , ID D,

2 36 022179 zo.44 2225 2 /226 75 75. E

3 7 022/79 24.4 4- 3.395 2 /Z2 S //G . //G .

4 191 032379 20.% 3.19 / //?O l oto. toe,

5 IGl 032379 7/143 3F>l5 / //ZS 12.0 , 12 0.__

6 /kO 032379 70.4 6 19d ', //?n (co, (v D .
'

7 IlD 032379 20. 4b l.3 / // 5 SD, 50, I

8 303 CA2579 ?/.30 2A4 3 /k/ \DS , 1o5 |

9 3}3 042579 f/.30 2.'I k 3 /&G lOl . IDl.

10 3S| 042S79 21.30 3.iC 3 / 3<.G t|D , 1iO .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ . - _



. - _ _ - _ _ _ ____ ______________ _____________ ______-_____ _ _ _ _ _ _ _ -_ - _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ . _ - _ . . _ . - _

CATEGORY: 2, X Ray

INTERVAL: 3, 101-300 mrem

.NBS Technique: HFG Processor Name:

Machine Settings: 150 kV, 10 mA' Processor Code No.:
Added Filtration: 4.00 mm A1, 4.00 mm Cu,1.46 mm Sn

Type of Dosimeter: Flu %
Irradiation Distance: 100 cm

Exposure Irra.

Dosimeter Date Rate Time Phantom Reference Reported Dose (mrem)
Line~ ' Number Jrra. (mR/ min) (min) Position Time Shallow Deep

1 39 022079 425S 1.87 / /2/S l70 11 D.

2 2 ?) oz zo79 6255 f.305 / /220 t2\, 12. | ,

3 5(o ozzo79 6Z55 2.95 / /22S 246. 2@> .

4 190 032179 (66 3.04- / 1930 25(o. 25 6.

5 1(oB 03zi79 656 f.52 / i935 i(gs. 10 5 .

6 180 03217 9 65.6 f.97 / /940 i T1, i97.

7 142 032.179 656 2.31 / /950 7J03. 28.

-8 335 042479 (c6./3 2,4 l 3 /30/ 225. 225,

9 31b 04247 9 MB 3.28 3 /302 337. 337.

10 369 0+24 79 /c6. /3 I.79 3 /393 17 0, 1 7 c>.

__ _ - - - _ _ _ _ _ - _ _ _ .



- __-- _ _ - _ _ _ _ _

CATEGORY: 2, X Ray

INTERVAL: 4, 301-10,000 mrem

NBS Technique: MFG Processor Name:

Machine Settings: 100 kV, current shown below
Processor Code No.:

Added Filtration: 6.31 m Al

Irradiation Distance: 100 cm Type of Dosimeter: i- u.%

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

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

1 22 62/479 5 Fnz ics 2 // /5 cc 4 co. e s so .

2 -1 0 N/379 / 105 2 4. // ' /.:/3 A90 A60

3 57 62/479 5 hnt ?% 2 //2d Scm, 2900,
*

a R 07a70 / /:^5 2. -M 9 :> t ylo 524. som,

s '59 c3217 9 5 Ffc03 G.SD / /.2 / 5 7125. '7135.

6 |d3 032l79 5 9(c0. 3 5.93 / /??O 6900. 6550,

7 Ilb O ?,; 97 o / /o29 5.685 / /~'Z S 640. GIS .

s 31 7 6424 79 5 8%3 3,69 3 /00 6 4095, 3936.

9 33I C42d70 / 73.7/ 3A 2. 3 /60 '' 400. 300 .

10 35b C47579 l' ~ /3 ~' / Ir.U7 3 / C'l C' 695. 5 M_ .
,

_ _ _ _ _



-.- . . _ ~ . . - . - . . . - - . - _ . - . ~ . . . _ - . . _ . . . . . - . - - . - - - _ . ~ . ~ . .

CATEGORY: 3, X Ray
. ,

INTERVAL: 1, 150-300 mrem

NBS Technique: L-G Processor Name:*

Machine Settings: 30 kV, 1 mA
Processor-Code No.:

Added Filtration: 0.37 mm Al
Type of Dosimeter: W.MIrradiation Distance: 200 cm

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

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

i 4\ o22e7r 11 4. 5 f.89 4 //Do 19 0 . s9 g

2 SA ozz479 114.5 2.92 4 //b5 34e3, ice, ;

*;

3 9 6 12479 il4.5 2.26 4 N/0 a i e, . 6 s.
'

4 ZI D2.zG79 II45 l.78 4 ///5 i84. ss. '

5 V1h 03i'%7 9 II(e.8 zMc | / GOD 28 +. 66.
.

6 169 03679 li(o.8 z.77 / //cd5 340 10 5

7 IM 03l379 if(c.B 3.01 / //,/D 315 ') 7 .

_8 353 042.m9 1(fo. O 2sl 4 110 0 320. te.

9 336 r)4.79 19 . i t (c.6 1.8 4 (10) 2:5 65,

323 047pi79 (b.D 1.92) 4 1107_ 230 71
_J.{_ __



-- _ _ _ _ __ _____ . _ _ .._- _ _ __ _ _ _ . . _ . _ . __ _ _ __ _ _ . _ . _ _ _ _ _ _ . _ . . _ . . _ _ _ . .. . . _ - . _ _ . . _ - _ ..-

CATEGORY: 3, X Ray.
,.

INTERVAL: 2, 301-10,000 mrem

NBS Technique:- L-G Processor Name:
Machine Settings: 30 kV, 4 mA

Proc'ssor Code No.:
Added Filtration: 0.37 mm Al ,

Irradiation Distance: 200 cm Type of Dosimeter: FILM'

-

-

Exposure Irra. I

Dosimeter Date Rate Time Phantom Reference Reported Dose (mre ,;

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

1 4- 1 022(579 296A 18.15 6 153o 2855. 875
'

i 0
2 59 ozzG79 296.4- 37Ab 6 nooo 75 cc>. 2 300

,

: '3 26 67Z(,79 2s,.4 2.96 6 |G3e Soo. 22o,

4 |D DZZh79 2MGA- 15.9 2 h 170d 2150, 850

| 5 17 7 031479 268.6 %b / 1700 4o5. i25,
r

I6 14 5 03;47c) 266.to ll.M (70 5 270o. ~1 5 0

7- Ib D31479 286.e (.86 / |710 52(o, 1 (c 2. .

_a-- 35 1 o4z979 ze6.8 29.90 4 135o 6975, 2 is o.;

|
9 33G 042979 288.B 3.61 4 I4 00 13TI. 425.

i 10 3IO 042979 288.8 I.T7 + HIO 50s, i57.

|
|

.____ _ -_ ____ _ ___



.._ . . _ , . . _ _ . . ._ _. . _ _ . _ _ . - , __- _ _ _ _ _ . _ _ . _ . . _ . . _ . _ . .__ m._.-

CATEGORY: 4, Beta

INTERVAL: 1, 150-300 mrem

Pr cessor Name:Source: Strontium-90
Processor Code No.:

Irradiation Distance: 35 cm

Type of Dosimeter: F p_ d

Absorbed Irra.

Dosimeter Date Dose-Rate Time Reported Dose (mrem)

Line- Number Irra. (mrad / min) (min) Shallow

1 Yb 05|$$ / S c).,3 ||h 32Q ,*

60 02/9 7f / 3.>.3 AM 201.
2

3 )d O 219.77 j f -). 3 / 5? 2bD.

OY C2)P7)7 /S~N3 A 79 300
4

5 15 6 030cn9 is z.o 1.7 0 215,

6 (8b 03097 9 152.0 1.29 2136

7 14 9 0309'79 (52.0 l.32. 26,

8 502. ecuts I St. 3 1.VI 2]5-051079

9 Sol 05:07 9 151.3 1.22. 215,

10 604 05: 07 9 lsi . 5 1.90 31 O.

- _ _ - - . . -________________ ________- - __ _ . _ - _



- _ _ _ _ _ _ _ _ _ _ _ _ _ _
_ .

CATECORY: 4, Beta

INTERVAL: 2, 301-10,000 mrem

Source: Strontium-90 Processor Name: *

Irradiation Distance: 35 cm Processor Code No.:

Type of Dosimeter: \%I N

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

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

1 44 c l o t-Y\ \n t 4 (. 5 0 6700, g
2 \'T otoe79 ist 1 (( ft 850

3 30 cloe M \n 1 10 19 2575

4 1923 031174 1510 33/ 660

s \s2 032\79 1s2,0 17. GG 290

6 )69 o3%)74 IsLO Co .7 4 Pi75,

)39 o s '. u 7 9 i52.O 9 l'A itoo o.7

354 6%3H 151, G 3 5 'l 740.8

9 3\4 0443'79 ( 51. (, 5 3, C,0 853Io,

3%7 042379 151 4 5,G9 M5, ,to

_ _ _ _
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_ _. _ . . . , _ - _ _ _ _ _ _ _ . _ _ ._ _ - . _ . - . . - _ _ _ _ _ _ __ -- . . , _ . . _ _ _ _ . _ . . ._

Page 1 of 2<

CATEGORY: 6, Camma component*

'

of gamma plus X ray
INTERVAL: 1, 50-100 mrem

Source: . Cobalt-60 irradiator Processor Name:

Irradiation Distance: 200 cm Processor Code No.:

Type of Dosimeter: i 'UM
F

Exposure Irra.
Dontmeter Date Rate Time Phantom Reference

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

1 9'T 'Od7379 Q<?.#/ Bf3 [, /fdd
8;

2 JY 021321 23.Tl d&A b /90/

3 J9 n2)X19 9?.59 | 25/.4' b ] 70A

| 4 /73 asi9'17 c7?.27 3?,5 3 / W-D

'SY 03147'l E 27 /3'<S 3 /, ?c, /s

//7 031s'11 .22.27 3'G J Boa
'

s

/S| 031'f7f 22.27 .2/3,4 J /,-30 0,

_f 350 oHot 74 n.13 55.fo 1 l 'Aoo ,

'

_;; 3 3_g o He17 9 a.2. s 10'l.7 a i103

an '$ ?A o 4 o( 7 ci aa. 3 M. 9 a i1o g

;

_ - _ _ _ _ -_- -_ ._ . . , _ - - . - - _ - . - _ _ _



- _ _ - - - _ . _ _ _ _ _ . - . _ _ _ _ _ _ _ _ . _ _ _ _ . . . _ . _ - . _ . _ . _ ..__ _ .._ _ ._. _ _ _ . __.. _ _ _ _ - . _ _ . _ _ . . . . _ . . ,.

_

Page 2 of 2
1

CATEGORY: 6, X ray component,

of gamma plus X ray
INTERVAL: 1, 50-100 mrem

. .;

! NBS Technique: IIFK l>rocessor Name:
Machine Settings: 250 kV, 5 mA

Processor Code No.:
_.Added Filtration: 3.7 mm A1, 0.60 mm Cu, 1.03 mm Sn, 2.65 mm Pb,

Irradiation Distance: 100 cm Up Dosimeter: W
t

Exposure _Irra.
Dosimeter Date Rate Time Phantom Reference Reported Dose (mreai)

1.i n e Number Irra. (mR/ min) (min) Position Time Shallow Dec p

W' 022/79 26.44- .9R / ///5 12 5. 12 5.i

3;

/Y O 22.i7 9 20.4 4 2 co2 / //20 no. t ta.; 2

19 022/79 20.4+ .73 / //25 90. so.3
;
,

4 / 7] 0323]9 2DA b /. 51 + /000 (o 5. lo S,
!

5 /S| 032379 , zo.<I6 78 4 mot 96, 9b. ;

//7 D3:37 9 ac.46 .8/ 4 /soa 38. 366

7 /U Ch2.47 9 20.'W /. 0f f- a93 130, 13 0.'

__y_ 350 0425 79 a 30 2.\\ / /30/ 45, 4-5

_?.. 3S2 04256/9 2(.30 .lo7 I /302 // 5. // 5.
-

_ i_o 302_ 042'9 9 2t.3D lhl | /3b3 80 60
1 i

:

. - - . - - . -- - .



Page 1 of 2

CATEGORY: 6, Gamma component
of gamma plus X ray

INTERVAL: 2, 101-300 mrem

S r;urce : Cobalt-60 irradiator Processor Name:

Irradiation Distance: 100 cm Processor Code No.:

Type of Dosimeter: Gu n

Exposure Irra.

Dosimeter Date Rate Time Phantom Reference

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

,

1 [f' ())}3 l ) .2). S| /Tl Y f //dC ,
a

/5' (32)371 J2.37 3)L Y f APO /
2

V6 021379 2). s'/ 9'2/ 6 7 /fd.2_3

4 / 7/ C3/y?9 e?? d? 2Yl.] .i J 7d*

/$6 83/9'7 f c)). 3 7 203 7 T' J 7p/s

6 /9'l 0 3/4|| f 0)-)) 20 f l' < / 7&',|'

7 A3 03/ Y71 3,127 c) N T,0 5^ Jbi

8 315 o 90i 79 2213 054 2 i a 30

314 090[79 22.13 14 f.7 2 12359

10 396 04o179 22.l3 151.3 1 tavo

_ - _ _ _ _ - _ _ _ - - - - - _ _ _ _



. - _ _ - _ _ .-. - .. . - . . . . __- . -..-.-- -_. .-- - -_ -

Page'2 of

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

INTERVAL: 2, 101-300 mrem

NBS Technique: HFG Processor Name:
Machine Settings: 150 kV, 10 mA

Processor Code No.:
Added Filtration: 4.00 mm A1, 4.00 mm Cu, 1.46 mm Sn
Irradiation Distance: 100 cm Type of Dosimeter: FU%

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

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

1 57 o22079 6z ss /. 78 / /04S 194. 19 4- :

/5 02.2079 hass .95 I lo So 13 3 Is s.2

3 76 02.2079 6zss /./85 / /055 /ez . /6 2.

4 /7f o32179 65.6 .48 2 /7o0 81 81,

/.[6 032f 7 9 65.6 z2i 2 /70/ 529. 529,s

6 /77 032179 65.6 .42 z /702 i70, 17 0,

7 /f3 03Zi7 9 65.(o :48 2 /703 235, 235

8 315 04Z47 0 66.13 f.40 i I900 185. 185.

9 324 047479 lofila .M i 190I St . St.
10 34(o P47479 fokl3 1.59 I I90 1 i95, 19 s,

-
_ - - _ . . . _ - .

_ - - _ _ _ _
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_ CATEGORY: 6, Gamma component
of gamma plus X ray

INTERVAL: 3, 301-10,000 mrem

Source: Cobalt-60 irradiator Processor Name:

Irradiation Distance: 100 cm Processor Code No.:

Type of Dosimeter: Ftth\

Exposure Irra.
Dosimeter Date Rate Time Phantom Reference

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

1 SO ODO679 $9.37 92f 2 D a> g

J6 09O(o 77 89.31 3 39 7. 2 ADO /2

3 /8 Co206 77 1237 '72 7 2 / 300

s 32 ORo&77 87.37 31 Y7. 2 20/

s /5.C O31379 PP. X 0 53.2 $ /.70 0

/7f 0 3 ) 3 ) 9' 6'225 aa.1 .f /3ds

__7 fff O3A377 Pfar 17&lo .S' / J/D

-. . . - . . .- .o o' loa 77 37,65 II79. R /s'oon- v:. 6 I -

9 ~ - 99 e 4017 9 37.G5 73.9 A. /sc>c

_ 10 ;.: :c1H o 4or 79 T7.6>ti a77/, 1 i100
,

_ _ _ _ _ _. __
. _ _ _ __ ___ _ _ _ _ _
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Page 2 of 2

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

INTERVAL: 3, 301-10,000 mrem

NBS Technique: MFG Processor Name:
Machine Settings: 100 kV, current shown below

Processor Code No.:
Added Filtrationi 6.31 mm Al

Irradiation Distance: 100 cm Type of Dosimeter: gm

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

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

1 60 (?\SJo I /or. a 2.6 9 => I II soo 485 g

_

/$ C2 |47 9 5 EM? /.775 / /2/5 Acco 79GC2

/[ D 2 1''37 9 | / o '2 1.12 I / / ' ''; 3 'I l 3573 s

4 3M O2.l479 5 Es 77 2. /. SS / /220 7140 lico

__5 e'5f O ?A 979 I /(?? 9 /. / '> 4 // 00 +18 918

/7f o3 2 t79 5 Pac 3 /.2 3 <; //O S 14 ~12 H-t sr,

/f]' , 031979 | /029 Sc/5 4 //iD 305 4757

_f.91?.lM _.__ 042479 5 R%3 3.32 / //30 1 i
,

'
- c-99: 49 042479 / 73.27 2.7 8 /d/ -

10 r- z+ 04247o 5 8%3 1 A05 I //D . '

_ _ _ _ _ .
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CATECORY: 7, Gamma component
of beta plus gamma

INTERVAL: 1, 200-300 mrem

Source: Cobalt-60 Processor Name:

Irradiation Distance: 100 cm Processor Code No.:

Type of Dosimeter: - -'

Exposure Irra.

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

1 3I O2cro79 8 9.37 49,75 2 0925 g

2 \7 o z oco7 9 89.37 it5.z 2_ 09,0

48 02 oco7c; d39. 37 4l.5 2 o9333

4 iBl 0 3107 9 88.35 135.4- I //o G

s |50 03:079 B6.ss 49.7 / //o 6

IN 0 3107 9 9,B.3s 12 9.3 / ///o6

7 IO 03)079 8 8.35 121.6 / ///2

8 Pl7 04on9 97.G5 2M.1 R I400

9 109 0 4 0 t '7 9 87,65 scf.3 a Iyc6

'S t o 04oi79 176S (46 cQ l '1 1 010

- . . - _ _ _ _ - - _ _ - _ _ _
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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:

Irradiation Distance: 35 cm Processor Code No.:

Type of Dosimeter: 1- is

Absorbed Irra.

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

1 3i C 2_1 b'19 \f 13 \ V6 282.. 92,

\7 o L.WM \51.L i%l 2.40. Z.4 O.2

3 48 o tt bY\ \ n .T \.M 24l. 84.

4 |R| 03PA9 152.o .53 StO, 2:0.

5 150 osis79 152.o 1,20 2(o s. 70.

6 |(p$ 03137 9 152.0 ,5/ 372. 19 7,

7 (h 03 Pt,79 (52.0 A7 350. 230.

8 347 041679 15).fo ).03 250, 80.

9 30 9 04\(o79 151.lo ( .12. 215 95.

10 320 041619 15| .lo A9 365, 190.

i
!



Page 1 of 2

CATEGORY: 7, Gamma component
of beta plus gamma

INTERVAL: 2, 301-10,000 mrem

Source: Cobalt-60 irradiator. Processor Name:

Irradiation Distance: 100 cm Processor Code No.:

Type of Dosimeter: Nw

Exposure Irra.

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

1 47 o 2.oG7 9 89.37 to 30, 3 1107 g

20 ozc>G7 9 99.37 99.5 3 itz.co_2
49 o 2.o G7 9 89.37 93'5.3 3 iM73

4 /PS 0 3/i79 s'f.2f J29. 2. _? _. ///D_

/P Y 03/37? S? 25' J/2f. c2 /3'30s

6 /$ 0.3/.E/f f$Of Ylb.h 5 )$V$

344 04o177 47.C 5 H3. 3 1 159o7

358 04o179 T7,GS ico.4 R I600_f._.

9 312 0 40! 7 9 87,Cd O.G Q /6 / O

333 o yoi 7 9 87.CS L7o 3 d /GROmto

_ - _ - - - _ _ _ . . _ - _ _ _ - - _ - - _ - _ - _ _ _ _ _ - _ _ _ _ _ --_- . _ - .
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Pege 2 of 2 m

CATEGORY: 7, Beta compontnt
of beta plus gamma

INTERVAL: 2, 301-10,000 mrem

t

Source: Strontium-90 Processor Name:

Irradiation Distance: 35 cm Processor Code No.:

Type of Dosimeter: F u_ %

Absorbed Irra.

Dosimeter Date Dose Rate Time Reported Dose (mrem)
Line Number Irra. (mrad / min) (min) Shal1ow Deep

1 41 01741% \fl.3 II.G 3 2.~10 2220. g

2 20 01LMM \O.3 0.44 530 256,

49 ettwh \D.1 3. tA 190 o . t 700,3

4 //5 O31979 152.0 SS 42e). oie).

5 //4 6 3 1 4 7 ') I Q.0 c17.17 3350 2000,

6 /[Y D3(47 ) 151.0 1.59 6eo. 680#
-

7 M4 o Ho.r2 9 L5 l.L 39ff i9eo. 17co.

359 0902.,q ist.c 15 595. iss.8

3\A osoan9 L5i. G I64(o 23o0 .t 500 ;
9

10 3B o Ho r79 isl.C ,GEd 4l5. 295.. ,

- -

- - - - - _ - _ _ _ _ _



. . . . - . . - . . ~ . . -- - . . . - .- . . . . . - . ~. , - .. .

Page 1 of 2

CATEGORY: 8, Ganana component
of gamma plus neutron

INTERVAL: 1, 150-300 mrem

Source: Cobalt-60 irradiator Processor Name:

Irradiation Distance: 100.cm- Processor Code No.:

Type of Dosimeter: - p itm

Exposure Irra.

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

,

1 Wr ODoS79 P9.37 121 3 1730 8

2 90CYif O20679 9737 N3 3 / 7. t/

3 ~7/ O20619 ?ff,37 ft 3 3 / 7 n.
_

4 209 03/079 88.35 //52 t 0930

5 204 03/079 88.35 43.1 / 0932 <

6 I97 03/07S 8 8.35 79.9 / o9w

7 SO$ 03/079 00.b5 $2 9 | 093b

375 04.io7 9 87.37 94. c, 4 //00_a 1

,

37 | OMO 19 87.37 %. 7 4 //0/9

-

10 3(o 2 04-1079 87.37 11 9 . 1 4 //01_
._ ___ - . __
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Page 1 of 2

CATEGORY: 8, Gamma component
of gamma plus neutron

INTERVAL: 2, 301-5,000 mrem

Source: Cobalt-60 irradiator Processor Name:

Irradiation Distance: 100.cm Processor Code No.:

Type of Dosimeter: FNM

Exposure Irra.

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

1 67 ozos79 s 9.3i c;o s,5 2 \5io a

2 ozoe7S 9 9.31 l@7 2- 152673 -

b9.31 iG53 Z l5303 69 ozoe79
f

4 2OO 0312.79 88.2.8 426 3 | \326

5 2 o 2. o 3 \ z7 9 9 8.ze . /T7 $ I 1339

6 2 O (o o 3 t 279 88.ze bio . I I l35 6

7 2. \ O o $ \ 27 9 98.28 739,5 | 1400

8 364 040979 87. + 204.2 5 1200

9 372. 040979 87.4- 790.+ 5 Izos
,

10 30'l 040979 B7. + 162.4- 5 1215

. _ - - - _____ _-__ __ __ _ _ _ _ _ _ ___ _



_ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - . _ _ _ . . _ _ __ ._.__.__ _
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Page 2 of 2
CATEGORY: 8, Neutron component

of gamma plus neutron
INTERVAL: 2, 301-5,000 mrem

Source: Californium-252
Processor Name:

.

Irradiation Distance: .shown below
Processor Code No.:

Type of Dosimeter: Fitti

Dose Eq. Irra.
Dosimeter Date Rate Time Phantom Irra. Reference Reported Dose (mrem)Line Number Irra. (mrem / min) (min) Position Dist.(cm) Time Deep

'

1 67 022479 78.28 41.3S 1 050 1729 M86'
2 '73 D224-79 76.28 T.15 i 050 tBi$ 970
3 G9 0224-T9 78.28 12.55 i 050 1826 4 zio

14 2po 0 2779 7/o 5?G 13Zo / Ofc2 /sSr 990
5 2 o 2. b77779 7(a.SG 37,99 / OS5 /(o36 sss
6 2o(O Db?]ff 'kh(> 2hlM f Oh l'h$l A]5
, 2\ o 6327M % 9c, g(o.IS' / 00 /6 SS

,

-AAho

n_ 3M OWP7? 7C% $bo/ / O% Ny{ %9
'

9 312 09/979 7S%'e 7.497 / OG N% 2 n8a
,

10 3G 69/9?? 7TT6 RVbT / Ofo NY7 t os 5
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APPENDIX C

Computer program used to evaluate processor
,

performance and a sample report. Processor's
! name and code number have been omitted. Raw

data for this processor are shown in Appendix B.
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73

i .

COMMON TYPE.NCATeREF(In), FINISH, CODE (lo)
00WuoN HATE (10). TIME (10)eEXPOS(10).P(10).Cx. RESULT,P6AM,H8ARsS
COwuGN NUMaEw(10)'IMONTHt10).IDAY(10) IYrAd(10).!p0S(10).IDIST(10
n!MENSION ASHAL(10).DSHAL(10),RDEEP(10),nDrFPfl0).STATt(10),NUMX{i
le).DSH4Lx(10)e0 DEEP 4(10) ERAT (10),T!M(10).Jp0NTHt10),JDAY(10),JYEAk
7 (10 ) .JPO% (10) ,CLO (10) ,J (10) ,F IN (10) e K t 10 ) ,M (10) eop(10)
Peat ** PHO.CESSOR, TYPE.PReCE,TY,0K8/' e/

NATA PA$5/' PAS $8/eFAIL/' FAIL'/. VOID /8 VOID'/.0w/'' '/
PATA STAD/** */,STARR/'** '/
cEAD (5 300) NawE

3no rOpuaT (11)
' READ (S.20) NCAT.INTEkerHO CESSOReNUdeTYPE
*C a NCAT
TN 8 INTFR
PR a PRu
CE = CESSOR
40 s NUM
TV = TYPE
dpITF ( 6.~2 0 0 )

2nn ropwAT (IHl///////19X,* PERSONAL DOStuETAY PEHFORMANCE IESTING'//33
Ive'A pI(rT SIUOY'/////32A*' SPONSORED BY :'/22x.'U.S. NUCLEAR REGUL
2970pY C04u!SSION'/////32A** CONDUCTED 9Y g'/17x.' DEPT. OF ENVIN0NdE
1NTAL AND INDUST 4IAL HEALTH'/28x,'SCH00L OF PU9LIC HEALTH'/2ex,' UNI -

4WFASITY OF HICHIGAN8/30xe' ANN AR60d, WICHIGaN'/////16X,'**********
4 PESULTS OF TFST m2 **********'/////)
IF (N44[,EO.1) PRu=0K8
TF (NaME.Eq.1) CESSOR=0we
wpITE (6.201) pHO.CESSOHeNumeTYPE

291 r0pwAT (23a.'P40CESSOR NAME : 8,A8,A7//23Ee'PWOCESSOR CODE NO. : '

l.T2//23x.' TYPE OF DOStuETER ! ',48)

.u!Tr (6.202)
2 r. 2 r0puoi (1H1///////3x,'F0H EACH DOSI"ETEp. A PERF0auANCE INDEX IS C

1ALCULATED BY :',////32xe'P = (He - H)/H'////*x.'wsERE 3 n = DELIV
HEPORTED QUANTITY'////4x,'FOR EACH DEPTH2F4E0 QUANTITY'/13A.'H+ =

tor EACH INTFAVAL OF A CATEGORY. AN AVEWAGE Pear 0RwANCE'//*A,'INDEA
4 (P AVEAAGE). AND ITS STANDAwn DEVIATION, S, AuE CALCULATED.'////
sas.'A PROCESSO4 PASSES A CATEGORY IF. FOR EACH OEATH OF EACH INTEH
AVAL.8//*N.'THE ABSOLUTE VALUE OF (P AVERAGE) PLUS 2S IS LESS THAN
760 EoVAL TO'//4x.'THE TOLEAANCE LIMIT, L.'////)
woITE to.207)

2a7 r0PMAT (4Xe*FOR CATEGORY 1. INTERVAL le AND FOR CATEGONY ll, INTER
IVAL 1. L = 3.3. FOR'//4A*' CATEGORY I, INTE3VALS 2, 3e AND 4. L s
2a.3 nR 6/SQRT(H AVERAGEle wHICMEVER'//ex.'IS LARGER. FnR ALL OTHE
10 CATEGORIES. L = 0.5 OR IS/ Suet (H AVERAGE). ww!CHEVER'//4Ae'IS LA
.pGFA.')
Wo!TF (6.226)

??6 F0WMAT (////*A.'If A DOSIMETER IS LOST. NOT MEPORTED HY THE PHOCES
140R, IRRADIATED IMPROPERLY.8//4Xe'ETC. THE dORD V010 APPEARS NEAT
2 TO THE 00SI*ETER NUMBER. VOIDED 00S!wETERS'//4x 'ARE NOT INCLUDE
3n IN THE PASS / FAIL CALCULATIONS.')
no 174 I=18
r(I) = 0

174 st!) =0
utl} m 4
w(2) = 7
p(1) = 4

.u(*) a 2
"(5) = 2
wt6) = 6
u(71 s 4
utR) = 2
C-0 TO 152 "

190 CEAD (5 20) NCAT,1NTER PHO,CESSOReNUweTYPE
20 FORMAT (2IS.A8.A7,IS,AR)



_ _ .

74

i

1

no 500 I = 1,10
500 PODE(I) = 0.0

IF (NCAT.NE.0) GO TO 1%2
nn 2n4 I = 18
IF (N(II.GT.03 FIN (I)=% TAN
IF (Jt!).EO.M(!!) FIN (I)= PASS
IF (J(II.LT.M(I).ANO.Kf!).E4.M(I)) FIN (Il= FAIL

264 IF (J t !) .EO.o. AND.K (I) .EG.0) FIN (I)=qTARR
waITE (6.20s)

| 26S rowMAT (1Hl///////17X,.***e***e** SUMMARY OF RESULTS ******* eee
| 1/////)
| IF (Naut.EO.1) PR=0n8

IF (NAME.EO.1) CE=0n8
| welTE (6 291) DR,CE.NU.TY

.WITF (0.206) (FIN (I), ! = 1.ej
t PaA F0pwAT t/////17x.'CATEGOWY I. GAMuA',24r,'; e,A4,//17xe*CATEGOR
'

IV II. h!GH-ENEWGY X WAY'el2Ae et 'eA4//17x.' CATEGORY AIIe low-EN
i 2FonY X 4AYo.13x,e: ..A*//17x,'CATEGouY IV* RETA'e2Sxee: e.A*//17

1r.' CATEGORY V. NEUT90N'.22A,*: 8,A4//17x.' CATEGORY VI, GAMMA
eptoS MIuH-ENERGY A WAY : ' 44//17X.'CATEG04y VII, GAMMA PLUS 6 ETA

i s'.14x,e: '.A4//17A. CATEbOwY VIII, GAMMA PLUS NEUTRONeellAe': ',A*

| &////l
l (L = q
| ue =n

(ui 221 I = 1,8
TF (FIN (II.FU.sTAH) LL=1
TF (FIN (I).EQ.tTAHR) MMai

271 POMTINUE
IF (LL.to.nl GO TO 222
wu!TF (m.229)

270 ropuAT (17x.'* = HESULTS ARE INCOMPLETE FOR THIS CATEuoRY'//)
??? TF (wu.EQ.nl GO TO 224

waITE (e.223)
273 Fonv4T (lix.e** = PWOCESSOR DIO NOT panTICIPATE IN TN!d CATEGORY )
224 w4Ifr (n,2251
725 r09wAT (IHil

60 TO lu0
12 no TO (1 2,.8e4,5e0.7,81, NCAT

1 GO TO (9 10 10 10). INTEH
|4 DEAD (Sell) (NUpHER (!) . IMONTM(I) * !O4Y lII . IVE AQ (II .R A TE(II .TIMt (Il e

IIPOS(II IDIST(!).NEF(I),HDFEP(II, I = 1,10)
'

| ?! ropwai (IS,312 2Fb.0 II.IJ.F4.0,F10 0)
i no 502 I = 1,10

IF (NUMdE d ( I I .t.T .90 0 0 0 3 GO TO =02
CODE (I) = 9.0
NUp4Ew(Il = NUveEHt!) 90000-

Aa2 r0NTINUE
ex= 1.01
CALL TEST (WDEEP.DDEEP)
woITr (6 22)

27 c0PWAT (IH1,9X,' CATEGORY I, GAuMA'//10xe INTt4 VAL le 10 800 HADe-

It

j en IF (NAME.EQ.1) PR0=0ne
i IF (NAME.EG.ll CESSOR=0Ms

nWITE (be23) PRO, CES50He NUM, TYPE
73 r0puAT (474,'PEOCESSOR NAME ! ',A8eA7//47X,ePROCESSON CODE No. : e

.

1,I2e//47xe' TYPE OF 00SIMtTEd : 'eA4)
'

voITE (6 24)
74 FORMAT (10x.'SOUwCE : CodALT-60 IRRA0!AT0H'//10xe'IRRAOIATION DIST

LANCE : SMowN ertows/r//)
l IF (INTER.GT.II GO TO 29

YOLER = 03
ww!TE (6.2%) CX

25 FORMAT (23x.' EXPOS. IARA. 'e10Xe e!RRA. OEEP ABSORBED 00SEe CX =
le.F4.21
.oITE (6 621



75

62 FORMAT (1x,'DosIMLTER'.4Xe'0 ATE'e6x,' HATE'.3A * TIME LAPOSURE DIS
'T. DELIV. WEP0HT..)
wo!TF (6,03)

63 F09 MAT (2K.'NUuBER IoRADIATED (R/ MIN) (MINI tR) (CM) (
l o A'il (RAO) Path *-Hl/He//)
c.0 TO 31

29 TOLER = 6 0/SQRT(NBAR)
fF (TOLER.LT.O.33 TOLER=0 3
wu!TE to.30) Cx

10 FORMAT (23X.8 EXPOS. IQRA. ',InKe'IRRA. DFEP DOSE EQUlv4 LENT, Cxa
le.F4.2)
*41TF (6,67).

wulTF th.37)
18 FOPuAT (2X.'NUuBER loAADIATED (MP/ MINI (MINI (MR) (CM) (

luMFMI (MW6dl P8(H'-M)/H'//)
31 ra 33 I =-1 10

cTATEtti = OK
IF (CODEt!).EQ.9.01 STATE (I)=VotD
r.0 TO (33,43,44 4*). INTLH

43 IDIST(Il = 200
c.0 TO 33

44 InISitIl = 100
11 r0NTINut

IF (INid4.GT.ll GO TO 400
bdITF (4 26) (NUM8Ed(II. STATE (I),IwoNTH(I),IDAY(I).!YEAp(I),RATL(I
11.TIVE(1)*EXP05(II,IDIST(1) DDFEP(II.WDEEP(I).P(I). I * 1,10)

76 r09uat tlx.I5eixeA4,1X.I2ee o eI2,s.o.I2 2X.F6.2.F8.3eF9.2 3Xel3,F9
1.0.F10.3 34.F9.4/)
r.o TO 401

son waffr (6.87) (NUMBER (1) ,ST A TE t I) * IMONTH (II . ID AY t !),1YE AR (1) .R A TE (I
11.TIuE(IleEsP09(II,IDISTill,DOFEPtII.RDE2P(I).p(Ile 18 1 10)

n2 rnpuai (1x.IS.1x,A4,1X I2,' 8,12*' ',I2,2XeF6.2,F8.3,FY.2,3XeI3,2F
14.n.44.F9.4/)

ani .DITF (6 2T) PRAR, 5, H8AW, RESULTe TOLER
97 ropwai (///6Pxe'P AVEWAGE = e.F8.4//70x.e5 = e.F8.4//62Xe'H AVEW

14GE = ' FH.1//92X*8 ABS (P AVERAGE) DS = '.F8.4//T0x,'L = 8.F8.4//+

7/1
FIAISH = PASS
IF (WESULT.GT.TOLER) FINISH = FAIL
wpITF (6.28) FINISH

2R r0AMAT (524.'********** '.A4e e *************)
v(1) = K(1) + 1
I F . t F Ir4I SH.f.Q.0 ASS) J(ll=J(1)*1
c.0 TO 100

In pea 0 15 34) (nub 8ER(II,IMONTHEI)*IDAYtI).IVEAd(I), RATE (Ile ME(1).
IIPnS (II .REF (!) .ROEEP(I) . I = 1.10)

14 F09uaT II5.3I2 2F5.0,II,F4.0eF10.03
no 521 I= 1 19
IF (NUM4ER(!).LT.90000) 60 c s21
enDE(I) = 0.0
NUudEpt!) = NUudEHt!) - 90000

SP1 r0NTINUE
no 725 I = 1 10

. 725 TIME (I) = TIME (!)/60.0
fx= 1.01
CALL TEST (RDEEP.DDEEP)
=4tTE (6.35)

15 FOoMAT (IHl.9X,'CATEGOAY I. GAMMA *,)
IF (INTFD 3; 36e 37, 38-

16 wpITE (6 39)
19 FORMAT (10x,*INTENVAL 2, 30 100 MWEM')-

eO TO 40
17 59ITE (6.41)
41 FOAMAT (10X,' INTERVAL 3 101 - 300 MPEM'l

no TO 40
18 wAlfE (6.42)

,

w

:

- . w - ~



76

42 FORMAT (10x,'INTEHVAL 4. 301 - 10 000 MWEM')
r.0 TO 40

2 IF (INTEp.GT.1) 60 TO 66
PEAD (5s34) (NUMBER (I),1 MONTH (I),!DAYt!),1 YEAR (I), RATE (I) TIME (I),

! !POS (I) * REF (I) ,RDEEP (!) , I = 1.10)
no 503 1 = 1 10
IF (NUM9ER(II.LT.90nno) GO TO 503
en0E (I) a n.0
NUNREW(I) = NuubEN(I) - 90100

5:13 r0NTINUE
c4 = 1.J3
raLL TEST (40EEP 00EEP1
.JITF (b 47)

47 r0PMAT (IHl.9x.'CATEGODY II, HIGH-ENERGY x AAY'// LOA ' INTERVAL 1,
110 - N00 HA08)

IF (NAwE.EQ.1) PRoa0K8
TF (Naut.EO.1) CESSOR=0K8
WRITF (be23) PRO. CESS 00.huu,TTPE
ww!TF (6.*al

4R F0pdAT (10x.'NAS TECHNIQUE MFK'//10x.eIRRADIATION DISTANCE ( 100
1 CA'////)

I woITE (b 491 CX
49 ropMAT (23r.*InpA. IOWA. 'elix*'0EEP A950woED DOSE, Cx = *,F4.2)

C AI.L ANSWER (ROEEP,00EEPel)
F(2) M(2) + 1
IF (FINISH.rQ. PASS) Jt?)=Jt2)+1
no TO 100

46 wEAD (5,58) (NupeEw(I),1 MONTH (I),IDAY(I).IYEAR(I). RATE (1) TIME (1),
IIPOS(l).REF(.).RSHAL(1),RDEEP(Ile Is 1 10)

%m rouMAT (I5,312 2F5.0 11,F4.0e2F10.0)
no 520 1 = 1 10
IF (NUMMEWII).LT.900001'60 70 520

| rode (I) = 4.u
NUNHEW(1) NyaHER(I) - 90000

| 520 r0NTINUE
| no TO (59 59 6n.el). INTER
| 59 r< = i.26

| CALL TE5T (RSHAL.0SHAL)
l woITF (b,50)
| 40 repuAT (IH1,9x,'CATEGOAY II, HIGH-ENERGY x GAY'//10x,' INTERVAL 2.
I 130 lou Moa.M')-

| IF (NAME.EQ.1) PRU=0K8
| IF (NAML.EO.1) CES50R=0k8

wpITE (6.23) PRO CESSOR,NUM, TYPE
i

' wpITF (6,52)
%2 F00 MAT (10X.'N95 TECHNIQUE ! HFK'//10x,' IRRADIATION DISTANCE : 100

*1 CM'////)
woITE (6.54) CK

se ropMAT (23x.*Ipaa. IoRA. ',11x,' SHALLOW OOSE E00!V.* Cxse,F5.3)

Call ANSdER (RSHAleD$ Hale 2) )
w(2) = K(2) + 1
IF (FINISH.EQ. PASS) J(2)=Jt2)+1
CALL TEST (RDEEP,00EEP)
ww!TF (6.50)
.TF (NAME.EO.1) PR0=0K8

; TF (NAME.EQ.Il CESSOR=0K8
| WRITE (b.23) P40.CESSOReNumeTYPE
l W4tTF (6.52)
| ww!TE (6 55) CX |
' ss rnWMAT (23x.'IDRA. IDRA. ',11x,' DEEP DOSE EQUIVALENTe Cx=',FS.3)

CALL ANSWER (ROEEP,00EEP,2)
w(2) = K (2) + 1

;

| IF (FINISH.EQ. PASS) Jt2)sJ(2)+1
A0 TO 100

1.35A0 CE =
CALL TEST (RSHAL,0SHAL)

,
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=d!TE (6 563
46 r0puAT (IHl 94e'CATEG0pf !!. HIGH-ENERGY A RAYe//10Xe' INTERVAL 34

1101 - 300 wutd')
fr (*sawE.EQ.1) PRus0K8,

fr (Newt.EO.ll CESSod=0M6'

wo!TE (6 233 PRO.CESSOReNUweTYPE
.d17F (0 57)

57 ropMAT (tore sNRS TECHNIQUE I HrG'//10Xe'i# RADIATION O!b7ANCE I 100
) Cu'////l
sOITE (6 56) CE
CALL ANsaED (dSMAL 0 shale 25
r(23 s Mt2) + 1
IF (FI4tSH.FQ. PASS) Jt2)=Jf2)*1
csLL TEST (woEEpe00EEP)
*DITF (6 56)
FF (NAMt.EQ.ll Pros 0M6
TF (NAMt.EO.ll CESSO4=0M8
.pffE (6.231 P90.CES500 NUueTYPE
%u!Tc (beS7)
wofTF (6 55) CX
( At t AN5=Ed (dDEEPe0DEEPell
rt2B s M(2) + 1
TF (FINISH.hG. PASS) Jt2)sJf2)+1
70 TO 100

al es a 1.2M
e6LL TEST (LSH4LeDSHAL)
^.offr te.es)

; As rowwAT (IHle9Xe*CATEGODY !!. HIGH-ENFHGY E DAY'//10Ke'INTEWVAL 4e
4 1101 - 10.000 Matu'l

IF INAME.E9 1) pu0s0K8
TF INawE.EO.1) CE550Hs0M8
wpITF (e.231 ARoeCESSoneNUweTYPE
.o!TE 15 661

4A rowwAT (10s.*NAS TECHN!QUE I MFG'// lot.'IWwADIATION DISTANCE I 100
| C'8 ' /// / )
wu1TE te.5.) Cr
C AL L AN5=E4 (HSHALeDSHAled)
r(7) Mt2) + 1
TF (FINISH.Fu.DASS) J(2)=Jt2)*1
er s 3.23
(4LL TEST (WDEE4 00EEP)
wu!Tr (6 643
IF (NewE.EQ.ll Pdos0K8
fr (NAME.EQ.1) CESSORs0K84

1 .9lTE (o.231 P40eCESS00eNUu TYPE
) .0!Tr (6e66)

wd!TE toe 55) CX
cAtt ANSWER (RDEEP DOEEP 23
M(2) = M(2) + 1
TF (FINISH.EQ.AASS) J(2)sJ(2)+1
50 TO 100

3 HEAD (5e58) (NuwHER(Ile!HONTH(!)eIDAY(!).IYEAA(!)eRATE(IleTIMEtII.
IIPO5t!).REF(!)eR5 Halt!).HDEEPille I = 1 10)
no 506 Is 1 10
IF (NUMoER(!).LT.90000) GO TO 50+
CODEf!) s 0.0
HUuHEd(I) Nuu6EH(I) - 90000

564 enNTINUE
IF ( I s it 9.G T .1 ) GO TO 68
er s 0.61
CALL. TEST (%SHAL.DSHAL)
wo!TF (6.67)

67 r0GMAT (IHle94.'CATEG0pY IIIe Low-ENEHGY A HAY'//10Xe'lNisHVAL le
1190 - 300 MdE4')
IF (NAME.EQ.1) >Hos0K8
IF (NAMt.EQ.1) CESSON=0k8

d

f

.
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WRITE (0 23) Puo.CESSOR.NuweTYPE,

wp!TE (6 69)
A9 r0RMAT (10Xe'Nas TECHNfQUE I L-G'//lom,'IRRA0!ATION DISTANCE 8 200

1 CM'////)
'

wsITE (6.56) C-
CALL ANS=ER (RSHALeDSHAL*2)
r(3) s Kt3) + 1
TF (FINISH.EG.p4SS) Jt33=J(33+1r

.

rt = 0.45
' call. TEST (40EEPeDDEEP)
I wWITE (6 67)

gr (NAME.EO.ll PR0s0M8
TF (NAME.EO.11 CE550Hs0K6
we!TE (6,233 Po0. CESS 00,NU'*,7YPE4

waITE (n.e9)
waffE 80.553 CE
CALL ANS*ER (ROEEP.00EEP 21
r(3) a m(3) + 1
TF (FINISH.rQ. PASS) Jt3)=J(3)+1
eq TO 100

; sa rs a a.nl
-

CALL TEST (dSHAL.USMAL)
*w!TE (n.701

to rouwA) (INI,9x,'CATEGODY III, Low-ENERGY A CAYe//10X.'INTEWVAL 2,
1101 - 10.000 MdFM')
TF (NAMt.EQ.1) Pros 0K8
TF (NAME.EO.1) CE550ws0M8
wo!TF (6 23) Po0.CES500,NUa. TYPE
a!TF (e.69)
waffE (6.54) C
PALL AN0=ER (WSHAL,DSHAL.2)
r(3) = N(3) 1.

IF (FINISH.Ed.DASS) Jt31=J(J)+1+

ft a n.US
CALL TEST (woEEP.bOEEP)

4 wwtTE (0.70)
TF ( N A,.F. . E O .1 ) Ed0:0K8

i TF (NAME.EO.ll CESSOR=0Ke
-wiTF (6 233 P90 CESS 00.NO". TYPE'

wo!TF (e.69)
i

: *s1TE (e,55) CX
d c A( L ANi=ER (ROEEP.DDEEPed)
I w(3) = Kl3) * 1
1 TF (FINISH.EU. PASS)'Jt33=Jt3:+1
* co TO 100

4 WEAD (5 11) (NUMBER (!) . ! MONTH i!) ,ID AY (I) . !YE AR (!) ,R A TE (Il e TIME (1) ,j
4 las*AL(I). I = 1 10)

11 r0R*AT (IS.3!2 2F5.0eF10.0)
. no 505 I = 1 10
'

TF (NUM4ER(!).LT.90000) GO TO SOS
en0E(I) = 9.0
HUw9ER(I) NUuBER(I) - 90000=

585 eqNTINUE
cv = n.9A6e
CALL TEST (wSHAL.0SHAL)
TF (INTER.GT.1) GO TO 72
wdTTF (6.71)

71 F0DMAT (IH1 9X.'CATEG0pY IV, BETA'//10X.'INTEQVAL 1, 130 300 MRE-

1"'I
no TO 75

77 wp!TE (e.76)
74 r0puAT (IHl.9X.'CATEG00Y IV, BETA'//10X.' INTERVAL 2, 301 - 10 000

luoFHet
75 TF (NAME.EO.1) Pros 0K8

TF (NAME.EO.ll CESSOR=0K8
-wdITE (6,23) PDO.CES50ReNuu, TYPE

f
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wo!TE (6.73)
73 rowwAT (104.' SOURCE STHONTIUM-90'//10Xe'!EWADIATION u' STANCE /k1

15 Cws////)
wo!TE (6.54) CX
cat.L ANSaER (H5HAL DSHAL,2)
w(4) e M(4) * 1
IF (FINISH.EQ.P ASS) Jt4)sJ(g)*[
eO TO 100

5 oEa'D (5 21) (NUweLR (I) ,IMONTH t !) * !D Ay (!) . Iyf Aw (1) .w A TE (!) . TIME (I) .
1 ! AnS (! ) .10!$T (!) .NEF (I) ,ROFEP (!) , ! = 1 10)
no 506 Ia 1 10
TF INUudER(!).LT.90000) Go TO 506
r00E(f) = 9.0
NU9AEQ(I) a NU 'HER ( ! ) 90000-

Sa6 e0NTINUf
raLL TEST (WDEEP 0 DEEP)
IF (19fEp.GT.1) GO TO 99
.ofTr th,77)

77 ropaaf (IHl.9X.*C)?EGuay V. NAUTHON'//10x,'!NTEwVAL le 100 - 300 M
IGFO8)
r.0 TO 78

09 Wo!TE (6.HS!
an F0puaT: (1Hle9X.'CATEG04Y V. NEUTHON'// lute'!NTEWVAL 2e 301 - 5 000

i uoEu')
7R fr (NAME.EQ.1) PR0:0x8

TF (NaHE.EO.1) CESSORs0K5
wo!Tr to.23) Puo.CESSoReNUw, TYPE

i so!T" (6.791
79 F094a7 (10A.'SouwCE 3 CALIF 0kNIUM-252'//104.'IpaA0!ATION o!5TANCE

It SHO-N aELod'//)
wotTF (6.81)

al r0Edai (101,' NOTE I DCt.IVLNED DOSE EQUIVALENT INCLUDtS THE'/1TX,'R
innu RETURN (SC4TTLR) COHdtCTION FACT 0ws/t7a.'SHowN 8ELu e///)
wo!TF ( 6. 81)

43 roodaT (>3x.' DOSE EQ. IHdA. IOWA.' 15x.'DFFP OOSE Euulv& LENT'!
.offF (6 941

94 row =af (1x.'009tuETER DATE' 7Ae'4 ATE TIvE DIST. SCATTEN D
1rtly. mEP: HT. ')
ww!Tr (6,8%)

a5 recuai (2X.'NU"RER IGRADIATED (MGEw/ WIN) (MIN) (CM) C.F. (
twwFM) (mat 4) Patwo-H)/H'//)
no as ! = 1 10
CTATF(Il u OK

IF (C00E (!) .EG.9.07 ST ATE t !) =VotD
46 r0NTINUE

wofTF (6.87) (NUudER (!) e S T ATE (!) ,IuCNTN(!) . TOAY (!) . !TE Ao (I) .R ATE (!
11.T!uE(IletalST(IleEXPOS(II 00 REP (I),4 DEEP (II.Pl!). ! * le10)

of roo*AT (1x,15etz,A4eix,12e'-'eI2e' '.!2 31.F6.7.F9 3 !b F8.3,2F9.0
1,4x.ry.*/)

TOLER = 15.0/SQRT(H84R)
TF (TOLER.LT.O.5) TOLEwa0.%

i wo!Tr (6 27) P9AR*SoHSAReHESULTeTOLER
| r!NISH = PASS

!F (DFSULT.GT.TOLER) FINISH = FAIL
=DITE (e,2RI FINISH
wi$) a K(5) *1
IF (FINISH.FO. PASS) JtS)=J(5)*1
r.0 TO 100

6 *Ea0 (5,88) (NUWBER(I t . IM0 NTH (!) o ID AY (!) . IVE AR (I) ,a A TE(!) . T IME (1) ,
11POS(I),REF(!). I 'a 1 10)

am r0W61 T (IS.312 2F5.0,II.F4.0)
!

OEAD (5,20) NCAT, INTER, PRO.CESSOR NUv, TYPE' ~

|GFAO (5,58) (NUMA (!),au0 NTH (I),JOAY(1),JyE Ad(!) R AT(I) TIN (I),JPOS
1 (!) eCLo t !),PSH AL (I) .ROFEP(I) , ! * I*IO)
no 507 Ia le10
IF (NUMeEW(1).LT.90000) GO TO 506

|

l
,

|

l
--
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c00E(Il = 9.0
unw3ER(!) = NU"RER(!) - 90000

Sna fr (NOMx(!).LT.90000) GO TO 507
CODE (!) = 0.0

'

NuuA(1) = NuMx(I) - 90000
Sn? c0NTINUE

nn 726 I = 1 10
776 T!wE(!) = T!"E(!)/60.0

3 cm = 1 01
call TEST (NDEEPeDDEEP)
%4fTF 16.94)

os r0PMAT (IHle92 'CATEG04Y VI, GAM 4A COMP 0NENT'.32xe'PAGL 1 0F J'/23
Ive'Or GAWWA PLilS HIGH-ENLNGY A 4AY'/)
no 70 (91,92*93), INTED

41 wo!TF (6.7%)
45 r00MAY (10x.' INTERVAL 1 50 - 100 "REH')

co TO 110
02 votTF (%.111)
til rovMAT (10s.'INTENVAL 2. 101 - 300 Mwtw'l r

c0 70 !!O
oITE (0.112)Q3 w

112 rodwAT (102,'!NTENVAL 3. J01 - 10,000 MPFM'l
110 TF (NAME.E4 1) PH0=0MB

TF INAMt.E4 11 CESSOR=0we
wp!TE (6,23) P90,CES50W.NUa TYPE
woffr (6.961

46 FOPwAT (gox,' SOURCE I CODA.T-60 IRWA0! ATOM *//)t
eO To (12A,125 125). INTtR

174 -w!TE te,127)
127 ropwAT (102.'IOpADIAT10N O! STANCE I 200 CM'////)

c0 TO 126
175 woTTr (6 124)

1,
124 ropwAT (lor.*Iow&DIATION DISTANCE 100 CM'////l
176 .p!TE (6.97)
97 FORMAT (s7r. DELIVERED DOSE E40[ VALENT'./2nx,'!w94. [WWA.',20x.

l' Swallows.6x,*"EEP'l
woITE (a.94) CE. CA

gm ropMAT (1x.'0041 METER 04TE'e9X,'UATE TIME EAp05UdE'e9x,>

locan'.F4.2.' Cx='.F4.dl
walTr (6 101)

lol rooMAT (22.'NUwBEd INMA0!ATED (MJ/u!N) (MIN) (MW)'el2X
. 1.'twQEMI (MPEM)'//)
'

no 102 ! = 1 In
CTAfr(Il = OK

j TF (CODEt!).EO.9.01 STATE (I)=Volu
In? e0NTINUE

wdITE (0 103) (NUMBER (tpoSTATEt!)e! MONTH (II 10AY(11eIYtAR(1).WATEt
,

It).T!uEtti.Ex00S(!),0DFEPt!).DDEEP(!), ! = 1 10)
163 rnRwAT (1x,I5els A*.2A.I2e' 8 t2e' ',I2,4X,rd.2,F10.3,F 10 2,8AeF8.

10.4* EFT.0/l.

! wpITE 16,107)
167 ropwAT (IHl 9X.' CATEGORY VI A RAY C04PONENT'e332,'PAGL 2 0F 3'/23

Ir.'0F GAwMA PLUS HIGH-ENENGY A RAY'/)
cO 70 (104 105 106), INTEN

104 +4ffE (6.95)
1 CX9M AE = 1.25
i cuDEED = 1.26
! c- 0 To 113

Ins ww!TE (6 111)
cr% MAL = 1.35
es0EEP = 1.35
60 TO 113

In6 wp!TE 16 112)
ersHAL = 1.29
cxDEEP = 1.23

; 113 cx = CISMAL

,
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no In9 Ia 1,10
CATEl!) = RAT (i)
f!PE(!) s. TIM (!)'
eTATE(1) m OK
TF (CODE (!).EQ.9.0) STATE (I)=VOIO

In9 roNTINUE
CALL TEST (kSHAL.DSHALXI
rs e Cx0FEU
c4LL TEST (dOEEP.DDEEPv)
TF (NAME.EO.1) PW0 soke
TF (NAME.EO.1) CES50Hs0No
wpffE 10 231 po0.CESSupeNUa TYPE
r.0 TO (129 130 131), INTEH

!?9 voiTr (e.132)
112 rokMAT 110so'NHS TECHN!GUL 8 HFN'//)

no TO 10A
110 motTF ( e .114 )
113 r0puAT (10x.'NAS TECHN!QUE HrG'//)

c.0 70 lua
til datTr (b.13.)
114 F0owai (10s.eNAS TECHNIQUE 8 NFG'//)
1*A wo!TE 10 135)
135 rna*AT (10s.*IncADIATION DISTANCE : 100 CM'////)

*DITE (6.9T)
voITE In.9Al CISHAL, CADEEp
wofTr (8 191)
wdiTF (c.103) (NUut t il .bT ATE (1) JMONTu t !) .so Av i t ) .Jvt ak II),WATE t

Ifl.TIuEt!) esp 65t!).DSWALA(!)e00EEPKt!). I = 1 10)
no 99 I = 1 10

DDEEpt!) + OSHALx(I)n%HAL(!) =
nerEp(Il 00EEpt!) + 60EEuall)
TF INUu'ER(1).EO.NUuK(i)) 60 70 69
.JITE (0.90) NCAT. INTER

10 ropuai (IHl.4X.'sAENING s*s DUSIMETED NUuREDS IN CATEGuov ',11,* I
prTFwvAL ' !!//lTA*'00 90T wATC= uETarEN THE T.0 WADIATAON SOUNCES
20%E0s:
r0 70 100

-9 r0NTINUE
c. a A.u
CALL TEST (LSHAL.OSHAL)
TOLFA = IS.0/59WTtH8Adi
TF (TOLtp.LT.O.5) TOLEQs0 4
no 11. I = 1.to
T! wet!) = 0% MAL (I)

WSHALt!)rapost!) s

114 AFF(Il a P(I)
oAv6 s P8Aa
CAVG s S
HAvG : HMAa
nappes = RESULT
nadTOL = TOLER
AAurgy a pagS
tr (EESULT.GT.TOLEW) GAMFIN= FAIL
cv s g.0

PALL TEST (kDEEP.00EEP)
TOLER = 15.0/50RT(HAAR)
IF (TOLEP.LT.O.5) TOLLus0 5
r!NISH s PASS
TF *(pFSULT.GT.TOLtR) FINISHsFAIL
64TTr (0 115)

11%- r0pmAT (IHl.9X.'CATEGody VI, TOTAL OF GAquA PLUS X RAY'.22A,*PAGE
13 AF 3'//)
no 70 1116.117 116), INTEH

116 woffF (6.95)
no TO 119

IIT holTE 16.111)
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60 TO 119
118 WDITF (0 112)

' 119 TF (NAME.EO.1) 9H0:0<8
TF (NAML.EO.1) CESSows0ka
.dITF (e,23) P40, CESS 0W.NUv, TYPE
waITF (n.120)

170 rouwAT t////ler.* TOTAL SHALLOW DOSE EQUIVALENTS.7ae eTOTAL DEEP 005
1r EQUIVALENT'/3xe' DOS!*ETERe e61,' DELIVERED REPORTED'elex.'OELIVERE
pn RFPOWTED'/4x.'NUuhEN',10se8tukEM) (MdEu) putHe-H)/H'e7A*'(MRE
eup (uwgw) ps(Me-H)/He//)
.pITF th.121) (NUMMEd(!)eSTATEt!) T!vE(IleEuPOS(!),REF(I),DDEEP(!)
1.DrEEpt!).Pille ! * 1,10)

171 roouAT (44.gs,1x,Ae.SX,FT.0,2A.FT.0 2x,F9.4.Tx,F7.0,2Aer7.0,2A F9.
14/3 -

ww!Tr (6,lpp) DAVG,pqAD,SAVG,s.HAVG HHAR.GAwdESeRESULT*GAMTULeTULE
lo

172 ronwat t///2"A.'P AVEHAGE =*,84.4 12xe*P AVEHAGE se.F8 4//36Ae'S =
l'erH.4et0x.'S s'.F8.4//2ex.'N AVEwAGE se.F4.1 12x,'N AVFWAGE s'eF8
2.1//ldxe sA45tP Avt44GE) + PS se F8.4 24. EARS (o AVERAGE) * 25 s'eF8
3.4//36r.el se,rn.4,20x.'L s'eFa.4//)
vaITF (e.12n Ga= FIN, FINISH

173 repuAT (IHz.'e******ese '.A4,' ee****esese'.73,seeeeeeeeee e eA4
1.s seeeeeeeeeee)
<th) M(6) * 7
TF (FINISH.EQ. PASS) J(6)sJ(el+1
TF (GAuFIN.EQ. PASS) J(AIsJf6)+1
r-G TO 100

7 0 FAD (%.A9) (NUMBER (I).!MONTHt!),IDAvti).! YEA 2(I). RATE (II. TIME (1).
' !!POS(!).REF(I). I = 1,10)

cEAD (S.20) NCAT INTER.PHO.CESSON.NUueTYPE
OFAD (5 141) (NUM A (I) esp 0NTN(Il e sD AY III eJYE AW(!) .Q AT (I) . TIM (I) ,WSH
1et(I).ROEED({). Iz },}QI

141 roadAT (15.312.2F5.0 2F10 06
^^ %09 Ia leln
TF INUMaEWill.LT.90000) GO 70 %10
ennEti) = 9.0

.

NoawEatI) : NuadEHEI) - 90n00
i sin Tr (NuMx(!).LT.90000) GO TO S09

rnpEgli 4.0
Nye.x ( [ ) : t40mx(I) 90000.

549 r0NTIwuE
60 727 I = 1 10

777 f!"E(!) : TIMEtI)/60.0
1.01er a

e4LL TEST (RDEEp.DDEEP)'

TOLER s 15.0/SQRTtH8AR) |
TF (TOLER.LT.O.5) TOLERs0 5 |
DAVG = ARAR
cAV6 s S
wAVG = HBAv
nA* DES = RE% ULT
GAMTOL s TOLER
cAuFIN a PASS '

TF (PESULT.GT.TOLER) GAMFINsFAIL !
edITE (n.136)

116 r0PMAT (IH1,94.'CATEGOGY VII, GAMMA C0dPONENT*.32x,'PAGE I 0F 3'/2
14X.'OF BETA PLUS GAMMA'/)
ir (INTER.GT.1) GO TO 139
0!TE (e,137)

117 F0p*AT 110x.'INTEdVAL le 400 - 300 M9EN')
40 TO 13H

119 woTTr (6 140)
140 rGR"AT (10x.'IMTENVAL 2, 301 - 10 000 84EM')
119 TF (NAME.EQ.1) Pros 0k8

IF (NAME.EO.1) CESSORs048
wd!TE (e,23) PRO.CESSOR,NUu, TYPE

.-- - .--



- ._ . -.-

83

.

ww!TF (e.96)
Wo!TF (eel?8)
TF (.'C A T .NE. 8 ) GO TO 197
-aftf (6.175)

175 rop"AT (10Ne'Nr7E ( DELIVt4ED DOSE Ecu! VALENT INCLUDES A GAMMA-WAY
le/17x.'CONTk!RtlTION FROM THE CF-252 %0URCE EGUAL 708/ITx,87.033 PE
7prENT OF THE NEUTHON DOSE Euu! VALENT 8///)

'

107 wo!TF (6.971'
-w!TE (n.98) CA. CA
wotTE (6 101)
no 15 ! = 1 10
co(I) p(t)
%TATF(!) s 0<
TF (r00E(!).EQ.9.0) STATE (IlsVotD

154 roNTINUL
WQITF (6.'03) (NUdAEW(!) ESTATE (!)eIMONTH(!).10AY(I).!YtAR(I) HATE (
III.TIwE.{l.EAPOS(I).0 DEEP (;teDDELP(!), ! = 1,10) *

Tr (NCST.EO.8) GO TO 165
salir to.142)

162 rORMAT (lH} 4X,8CATEGOQY VII, RETA CouPONENT'e32X.'PAGt 2 0F 3'/24
1..s0F NETA PLUS IsAMua'/)

' IF (INito.GT.Il GO TO 143
waITr (e.137)
c0 TO 144

143 wo!Tr (6 1*4)
i las Tr (NAME.EO.1) PR0s0kB

TF (tawt.E9.ll CESSOR=que

j wpITF (6 23) Poo.CESSOR.NUw TYPE
~ WWITF (6.71)

ev = 0.9669
3 90 147 I = 1 1o

wATE(!) 9AT(I)
fluF(!) = T!4(I)

0,0ergg) =4

(TATFt!) OM

TF (CnDE(I).EQ.w.0) STATE (I)=VoIO
17 roeTINUE

c At t TEST (-Seit,0SsAL)
walTF (5.971
valTr (s.146)

the rowuAT (1x.'004I=ETER8,5Ae'OATEte84,*WATE'.7A.*TI4E',3A.* ads. DOSE
l'.43.'CA=.9665'.4A,'CA=0 00'/2x,'NU"RER*.4s.'Iu4A0!ATEu'.3x,e(HwAD

1 P/ulN)e,Jr.e(H[q)e,44,'(4HAD)',]}A,etwwEMI'.58.'(MdEM)'//)
waITE (6 103) (NUMX(fl. STATE (!)eJMONTHf!).JOAY(IleJYLAR(IleHATEt

| 111. TIDE (!) .E tPOS (II .DSH AL (Il e HE F (I) , ! = 1 10)
nn les I = 1 16
nsHAL(!) = OSHAL(!) + 00EEp(Il
TF (N94 DER (II.E1.NUMX(T)) GO TO 14R,

' wpITF (6.99) NCAT INTE4
eq TO 100

144 PONTINUE
'

ev = 6.0
CALL TEST (dSHAL.DSHAL)>

,

15.0/50RT(HHAR) |TOLER =i

{ if (TOLEL.LT.0.5) TOLEo=0.%
! r!NISH a PASS-

TF (dESULT.GT.TOLERI FINISHsFAIL
wa!Tr (6 149)

144 rnRMAT (1H1 9x.*CATEGORf VIIe TOTAL OF BETA PLUS GAMMA'.23A*'PAGE
11 0F 3'//)
IF (INTER.GT.1) GO TO 150
sutTE'(6 137)
r.0 TO 151

190 w3ITE (6 140)
1%1 IF (NAME.EO.1) PR0s0M8

tF (NAME.EQ.1) CE550R*0Mb

!

- -. . _ . _ _ - - - _ _ -
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j

i

weITE (6.23) pp0*CESSOReNUueTfPE
WorTr (6,12n) f 1

(Nu pEdt!), STATE (IleOSHAL(!) wSHAL(13eP(11 00EEP(I), ;ww!TE (6 121) a
,

1pDFEP(!).PP(!). ! = le10)
mRITE (0 122) 08AdePAVG.SeSAVG.HdAP HAVG REsVLT.GAMMES.TOLER.GAMT0

! It
ww!TE (6 123) FINISHe GAMFIN

M(7)w(?) = * 7
TF t r !N! %H.8.0.p ASS ) Jt7)=Jt7)+1
IF (GAMFIN.EG.p4SS) JtT)=Jt7)*1
en TO 100

A cEAD (5 99) (NtiveEH t !) . ! MONTH t II 10 AY t !) . IVE AW ( f ) .R A TE (Il e TIMt (!) .
If005(1).kEFil). ! = 1 10)
sEAD (5,20) NCAT INTER,PHO,CESSOR.NUueTYPE
lea 0 (5,21) (NOM A (!) eJ40NTw(!) .JO AY t !) .JYE Aa t !) e R A T (I) * T IM (!) e JPOS

1(!).IGIST(!)eCLO(!) R0 REP (Ile Ia 1 10)
60 S11 I = 1 10
TF (NUM6ER(!).LT.90000) GO TO 912
en0E(I) a 9.0,

N4*AE4(I) s NU"RER(I) - 90000
512 gr (NUM4(!).LT.90000) GO TO S11

en0E(I) = 9.0
Nu?4 x ( I ) - 90nnopuux(t) 8

511 r0NTINUE
cv 8 1 01
nn 160 I = 1 10
T!wE(!) = TIME (1)/60.0

WAfr(!)*TIMrt!)r P0tt!) a
EAPnS(I)*CX * 0.0T033* RAT (!)*TI"(1)OnrFpt[) =

TOEL = 00EEP(I)
v0EL a 10EL
DIFF = 00EEp(IT 30EL-

IF (0!FF.GT.h.9) GO TO 173
nnEEp(!) NDEL8

en TO 100
173 nnrEp(!) = ADEL + 1.0
150 r0NTINUE

woITE (6 161)
181 FOWWAT (IHl.9X.'CATEGOQY VIII. GAM *A COMP 0NrNie,374.'PAGE 1 0F Je/

IP5x.80F NEUTWON PLUS GAMMAe/)
IF (INTER.GT.11 GO TO lo2
wotTE (6 161)

153 rodMAT (10x.'!NTEHVAL le 1%0 - 300 MaEMe)
no TO 13A

1A2 wu!TE (b.16*) 1
164 ropMAT (10x,e!NTERVAL 2 301 - 5,000 MAEM') )

no 70 138 !

165 wp!TF (6.166)
156 r0RMAT (1H1 9x.eCATEG0AY Vill, NEUTRON COMPONENTe,30xe'pAGE 2 0F 3

le/2Sr.e0F NEUTDON PLUS GAMMAe/)
IF (INTER.GT.11 GO TO 167
wofTF (6 163)
no TO 168

1A7 wo!TE (6 164)
188 TF (NAME.EO.1) PR0s0<5

TF (NAME.EO.1) CESSORs0M8
wpITE (6,23) PR0eCESSOReNUw, TYPE
woITF (6,79)
wofTE (6.81)
00 191 Ia 1 10
DATE(!) m QAT(!)

i T!uE(I) = TIM (I)
* TATE (I) a OM
TF (C00E(!).EQ.9.0) STATE (I)=votD

141 PONTINUE
cr = 4.0

,

m m - - - - - -
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!

CALL TE5T (WDEEPeDDEEPal
.alTF (6 169)

.

169 FopMAT (23x.' DOSE EQ. INHA. IDRA.'414xe s0ELIVEREO DOSt EQUIVALENT
l'/lx 'DOStuETEw OATE'eTx ' RATE TIME DIST. SCATTER'e9xe'SHAL
7t os DEEP')
waTTE (6 170)

170 roJuAT (2x.'NUvkEN IpWADIATLD (MwCM/utN) (MIN) (CM) C.F.',12x,
le(MWEM) (MWEM)'//)

i

wdiTF (6 172) (NUMx(!),574TL(!?.JMONTM(I).s0AYt!) JYtAW(I)eHAT(I
!

I l e T!u f !) e IDIST(!) * expos (!) .00EEPA (I) .00EEPa t !) . Ia 1.10)
172 FORMAT (1x 15eix,A4 1x.!2ee ',12*' '.12 3x.F6.7eF9.3et3.F6.3,8xe2F

1*.0/) -

nn 183 Ia 1.In
onFEp(!) = DDEFPt!) OnEEpx(I)*

TF (NOM-ER(1).EQ.NUux(I)3 GO TO 133
wofTE (6,90) NCAT, INTER
c0 TO 100

183 r0NTINUE
rn a n.u
CALL TEST (kOEEP.0 DEEP)
TOLER * 15.9/50RT(HHARI
TF (TOLtp.LT.0.9) TOLEaso.E
FINISH a Pass
7F ( D E SUL T . r,T . TOL E A ) FINISH Fall ls

wu!TF (6 19M)
192 F002AT'(IH1,9x.'CATEG0AY VIIIe NEUTRON PLU; GawwAs,29xe*PAGE 3 0F

11' // 8 -
IF (lNTta.GT.Il GO TO 176
a!TF (6 163)a

40 TO 177
176 weiTr (e.16*)
177 wotTF (c.1781
178 ropwAT (///)

TF (NAME.EO.ll Pros 0M9
fF (NAwE.EO.11 CESSOHs0Me
woffE (S.Pil PD0eCESS0Q.NuveTYPE

, .offF (e.179)
I 179 r00 MAT (///79x.'TUTAL OEEP DOSE EQUIVALE4T'/ Ins.800SIMtTEd'.8A.'OE

D IVEREO wEp4WTED'/lixe*NUMLER'.12x.'twatul (MwEv) P s ( ** * -N ) /H ' / / )
.oTTF (6 140) (NUMBER (ile5 TATE (!),nDFEP(II.abEEP(!).P(l), Isle 10)

la0 FowwAT (11x.ls.1x,A4e64,FT.oe2s.F7.0.2x.F9.*/3
,o!TE (nelRll 09AH SoH8AReEESULT TOLER

lal rousAT (///36X.'P AVEWAGE s'.FP.4//44x.e5 st FA.4//36xe*H AVERAGE
les.FA.1//2ex.tAAS(P AVERAGE) 25 s'.FA.*//44x.'L s'eFd.*//)+

w4ffE (6 182) FINISH,
' la2 r0pHAT (76x.'*********** e.A4.8 **********')

r(al a M(8) * 1
TF (FINISH.EQ.DASS) Jt4)=Jt8)*1
c.0 70 100
END

i

- __ .__ _ . _ _ -
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5 cU4WOUTINE TEST (NEP.0EL)
COuuGN TYPE,NCAT*REF(10), FINISH.C00E(10)
row"0N MATE (10). TIME (10).EsPOS(10),P(103.Cn.NESULT PdAH,HdAH.S

,

couu0N NU4aE A (10) e tw0 NTH (10l eIn AY t 10) e !YF Ad (10) .Ip0S ilu) 10!ST (10)
etuENs10N mEP(10 3 0EL(10),

aEAL *3 ALiEDO. TYPE
NATA ALHE0n/'ALUE00 '/
vnFL s 0.0

3 70 = 0.0
rEh0u = 10.n ,

'IF fca.EO.6.03 GO TO Sn
TF (CM.EO.A.03 GO TO 24
no 22 I = le10,

R ATr ( g l e T IMr. ( !)" rrP09(Il =
?? nEL(Il = EXPOS (t)*CK

TF (NCAT.NE.51 GO TO 50
74 TF (TYPE.EQ.4LaEDO) GO TO wl

ermo = 1.015
~'

rFiH0 = 1.On
on TO 52

1.04%1 rF5h =
rF100 = 1 17

,

j m2 en 53 1 = 1 10
IF (InIST(II.Eq.1001 GO TU 54

! FMPn5(!) a CF50
RSTE(11* TIME (t)*CF50 t

. ret (il =

[ co 70 53 4

'

RATE (I)* TIME (II*CF10044 PEL(I) =
Frpostil s CFlon

Al enMTIf 40E
4
.; 40 no 36 I = 1 10
| o(f) = 0.0
a TOEL = uEL(!)

enEL = I r'E L
q- nIFF = DELf!)

~J0. 30. 31
abEL-

0.52IF (o!FF -

10 DEL (I) = EnEL
in in 32

,

11 nElf!) = xnEL + 10
12 TF (nEL ( ! ) .E 3. 0. 0 ) GO TO To

,
~ p(f) : (REP (Il - DEL (1))/0EL(Il

70 TF (CnDE(!).LT.9.0) GO 70 33''

10nENou = DEN 04 -

e.n Tn 36

i 11 inEL = TOEL + nEL(!)
P(!)i To = TP .

le CONTINUE
DAAR s TP/ DEN 0u,

TOEL/OEN04WAAR =
Hnt.0 s 0.0

i en 23 I = 1 10
IF (Cn0E(!).EQ.9.U) GO TO P3
woLO = NOLO + (P(!) - PHAN)**2

23~ r0NTINUE
1 01)j sa SaR T (HOL P/ (0ENOM -

* 2.0*5OE4 ULT = AR',(PRARI'

DFTURr4
.fNO

,

i

- , > ~ .- - .,,.,,>,--~,n , , - , - - - - . . . - - - - - - - , . .
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(UAdOUTINE ANS=ER (REP.UEL N)
CowwnN TYPE.NCAT NEF(la),FINISW. CODE (lo)
rouwoN wATE(10). TIME (10),EaPOS(10).P(10).Cx.NESULT,PHAH,MWARes
00wwoN NUMAE Q (10) e lu0 NTH (10) s !O4Y t 10) ,!Yr Ad(10) , IPOS (lu) ,IDIST (10)
DIwENsION OEL(10)* REP (10)esTATEt10)
prAL e4 TYPE
n4TA PASS /' PASS'/, FAIL /' FAIL'/, VOID /'V010'/.UN/' '/
IF (NCAT.NE.4) GO TO 22
vo!TF (6 52)

*2 ropWAT (lK.
I ' nE L I V. ' . 3 x .' 00% IML TER' .4 * ' 'O A TE ' e 6 4, ' W A TE ' .1 A , ' T !uE ' < S A. '00SE ' e 54.'HFP0HT.')
wo!Tr (e 51),

43 r04*AT (2A.'NUwREW IoHADIATED (wwa0/M) (SIN)',3se'(MNEN) (MwE
Iw) (wwrH) os(He-H)/H'//)
TOLER = IS.n/SqHT(M4AR)
IF (TOLED.LT.O.5) TOLEoso.*
no TO 23

57 WalTF (6.511
41 ronwAT (IX.'00stuETEH'.4Xo'DATE''6xe' RATE'.3X.'TIwE tsPOSURE',3x

1 89ELIV. WEPnHT.')
no TO (20,21)e N

20 inLFO u n.3
ww!TF (0 6*)

44 ra p s, A T (?X.'NUdHER~ IcRADIATED (R/ MIN) (u!N) (R)',6X,'(RAD)
1 (RAD) Pa(He-M)/H'//)
en TO 23

21 70LER = li.0/SOHT(H4AH)
IF (TOLFR.LT.O.5) TOLEQs0.5
w?!Tr (6,6%)

A5 r0puoi (?X.'NUwREN loAA0!ATED (ua uin) (rIN) (MN)'.SK.'(MNEMI
1 (*0EM) p=(Me-H)/M*//)

23 no 10 I = 1 10
%TAfr(I) on
IF (C00E(I).EQ.9.0) STATL(!)=V.'ID4

j 10 r0NTINUE
no TO (J0 31), N

!

10 wuITE (6 11) (NuwoEH t !),STs TE (!) . IuoNTa(I) . !O A y t !) . IYE44(!) .H ATE (I
11eTI"F(I), expos (I).nEL(!)* HEP (II.Pl!). I 8 1 1+)

13 FOP AT
1. 3. "3 x . F v . 4 / )(1x.ISeix,A*,lA.12e''eI2'' '.I2.lA,F1.7.FA.3,F9.2 F9.0,F10

2

en TO 3/
31 GDITr (6,11) (NUudE4 (I) ,ST A TE (I) . !woNTH (I) . ID AY t t) , ITE AQ (I) ,H A TE (I

1).T!wE(II. EXPO 4(I).nEL(I)'aEP(I)*p(!). ! = 1,10)
I
i

11 FORwAT (IA,IS,1XeA4.lA.I2,' 'eI2e' ',I2,1X.r7.7.F9.3,F9.2,2F9.0 4x
1.F4.4/)

12 woITE (6 17) PHAR *S,HBAReHESULT.TOLER
12 FOAwAT (///%6x,'P AVEHAGE = '.F8.4//66X,'S e.FA.4// Sox,'H AVEHAG

IF = s.Fw.1//46t ' ABS (P AVEPAGE) e 25 = 8.F9.4//64Xe'l r ',F8.4//)
r !'sI SH s PASS
TF (CESULT.GT.TOLER) FINISHaFAIL
wRITF (6 57) FINIdH

97 r0AMAT (47x.8ee*****eese ',A4,8 *********e')
0FTURN
FNO

!

i

!

,

-- --c 7- - ,
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PERSONAL 00SIMETRY PERFORMANCE TESTING

a PILOT STUDY

SPONSORED BY :
U.S. NUCLEAR REGULATORY COMMISSION

CONDUCTED BY :
DEPT. OF ENVIRONMENTAL AND INDUSTRIAL HEALTH '

SCHOOL OF PUBLIC HEALTH
UNIVERSITY OF MICHIGAN

ANN ARDOR, MICHIGAN

********** RESULTS OF TEST v2 **********

PROCESSOR NAME :

PROCESSOR CODE NO. :

TYPE 0> 00gIMETER : FILM

.

|

|

t

I
_ _ , . .



89

.

FOR EACH DOSINETER. A PERFORMANCE INDER IS CALCULATED BY :

P = (H+ H)/H-

DELIVERED QUANTITYUHERE : H =
H* = REPORTED QUANTITY

FOR EACH DEPTH OF EACH INTERVAL OF A CSTEGORY, AN AVERAGE PERFORMANCE

INDFX, (P AVERAGE), AND ITS STANDARD DEVIATION. S. ARE CALCULATED.

A PROCESSOR PASSES A CATEGORY IF, FOR EACH DERTH OF EACH ANTERVAL.

THE ABSOLUTE VALUE OF (P AVERAGE) PLUS PS IS LESS THAN OR EQUAL TO

THE TOLERANCE LIMIT, L.

FOR CATEGORY I, INTERVAL I, AND FOR CATEGORY II, INTERVAL I,L= 0 3. FOR

CATEGORY I, INTERVALS 2, 3. AND 4. L = 0+3 OH 6/SQRT(H AVLRAGE), WHICHEVER
,

IS LARGER. FOR ALL OTHER CATE6ORIES, L = 0.5 ON IS/SQRT(H AVERAGE), wHICHEVER

IC LARGER.

IF A DOSIMETER IS LOST, NJT REPORTED BY THE PROCESS 04, IRHADIATED IMPROPERLYe

ETC., THE WORD VOID APPEARS NExT TO THE DOSIMETEW NUMBER. VOIDED 00SIMETERS
|

ARE NOT INCLUDED IN THE PASS / FAIL CALCULATIONS.

,

i

|
t

I
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CATEGORY I, GAMMA

INTERVAL 1, 10 - 800 RAD
PROCESS 09 NAME :

PROCESSOR CODE NO. :

TYDE OF DOSIMEIER : FILM
SOURCE : COBALT-60 IkWADIATOR

Ip4ADIAT10N DISTANCE : SMonN bELow

EXPOS. IHRA. iRRA. DEEP AB30RdED DOSE, CX = 1 01
009IpETER DATE RATE T I u F. EXPOSURE DIST. DELIV. HEP 0HT.
NUW9EP IRRADIATED (R/ MIN) (MIN) (W) (CM) (WAD) (NAD). P=(H'-M)/t

34 2-20-79 54.54 3.A20 208.34 lon 210. 195.000 -0 0714

11 2-20-79 54.54 9 860 537.76 lon 543. 550.000 0 0129
'

52 2-20-79 54.54 13 810 753 20 100 761. 600.000 -0 2116

2 2-70-79 54.54 12.910 704 11 lon 711 650.000 -0 0858
-

154 3-20-79 53.99 11.630 038.70 100 645. 620.u00 -0 0368

182 3-20 79 53.99 10 400 561 50 100 567. 600.000 0 0562

170 3-20-79 53.99 1 950 105 28 100 106. 130.000 0 2264

304 4-18-79 53.43 3 570 190 75 100 1C1 255.000 0 3212

'342 4-18-79 53.43 6 150 328 59 100 ? *P - 800.000 1 4096

322 4-18-79 53.43 8 450 451 48 100 45L- 600.000 0 3156

P AVERAGE = 0 1937

S= 0.4629

H AVERAGE = 452 4

ABS (P AVEHAGE) + 25 = 1 1195

L= 0 3000

eeeeeeee.' FAIL ************

4



CATEGORY I, GAMMA

INTERVAL 2, 30 - 100 MREM

PROCESS 0R NAME :

PROCESSOR CODE NO. *

TYPE OF 00SIME!ER : FILM
SOURCE : CORALT-60 IRRADIATOR

IRDADIATION DISTANCE : SN0wN BELow

EXPOS. IRRA. IRR DEEP DobE EuulVALENT, CA=1 0100cipETER DATE kATE iluE EAP05URE 0191. DELIV. REPORT.
NUMRER IRRADIATED (MR/ MIN) (MIN) (vR) (Cw) (MREM) (MREM) P=(N.-M)/t

4 2-15-79 22.49 2 342 52 66 2no 53. 70. 0 3208

33 2-15-79 22.49 4 208 94 65 260 96. 100. 0 0417
*

51 2-15-79 22.49 3 275 73.65 210 74. 90. 0 2162

163 3-26-79 22.18 3 577 79 33 209 80. 97. 0 2125
i

137 3-26-79 22.18 4 327 95 97 200 97. 122. 0 2577

194 3-26-79 22.18 1 500 33 27 2a0 34 38. 0 1176

171 3-26-79 22.18 1.730 38 37 260 39. 45. 0 1538

305 4-20-79 21.98 3 893 85.58 2n0 86. 107. o.24*2

321 4-20-79 21.98 1 953 42 93 200 43. 60. 0 3953

300 4-20-79 21.98 3 760 82 64 200 83. 107. 0 2892

P AVERAGE = 0 2249

5= 0 1023

H AVERAGE = 68.5

AB5(P AVENAGE) + 25 = 0.4295

L= 0.7249

i
,

.......... Pass ....... .... !

|

|

I
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| CATEGORY I, GAMMA

INTERVAL 3, 101 - 300 MPEM
RROCESSOR NAME :

,

1

RROCESSOR CODE NO. :
,

SOURCE : COHALT-60 IRRADIATow

IRRADIATION DISTANCE : SNowN BELow

!

! EXPOS. IRRA. IRRA. DEEP 00bE EQUIVALENT, CA=1 01
0041uETER DATE RATE TluE EXPOSURE DIST. DELIV. HEP 0HT.

NttMPER IRRADIATED (MR/ MIN) (MIN) (MR) (Cu) (MREM) (MREM) P=(N*-H)/r
|

I

| 35 2-26-79 88.73 2.725 241 79 100 244. 290. 0 1885
|

| 3 2-26-79 88.73 1 657 147 00 len 148. 165. 0 1149

27 2-26-79 88.73 2 675 237 35 100 240 270. 0 1250

172 3-22-79 87.97 1.922 16 9. C f. 100 171 186. 0 0877

162 3-22-79 87.97 2 020 177.70 lon 179. 200. 0 1173

13R 3-22-79 87.97 1 722 161 45 100 153. 187. 0 2222

192 3-22 79 87.97 2 353 20' 02 100 209. 240. 0 1483

308 4-18-79 87.11 2.470 215 16 100 217. 260. 0 1982

349 4-18-79 87.11 1 558 135 75 100 137. 135. -0 0166

323 4-18-79 87.11 1 210 105.40 100 106. 135. 0 2736

o AVERAGE = 0 1461

5= 0 0803

H AVERAGE = 180.*

| A, tP AV 4 AGE) +25= 0 3067

L= 0 4467

********** PASS ************

l

. -



93CATEGORY I, GAMMA

INTERVAL 4, 301 - 10,000 MHEM
PROCESSOR NAME :

PROCESSOR CODE NO. *

TYPE OF 00SIMETER
SOURCE : CORALT-60 IRRADIATOR

'
: FILM

IRRADIATION DISTANCE : SH0wN bELOw

EAPOS. IRHA. IRRA. DEEP 00bE EQUIVALENT, CX=1 01
00tluETER DaTE RATE TI9E EAP05URE DIST. DELIV. REP 0HT.
NUMBEP IRRADIATED (Mk/ MIN) (MIN) (MR) (CM) (MREM) (MREM) p=(H'-H)/r

F5 2-20-79 88.92 70 967 6310 35 100 6373. 7400. 0 1611

53 2-20-79 88.92 10 525 935 88 100 945. 1100. 0 1640-

36 2-20-79 88.92 11 572 1028 95 100 1039. 1100. 0 0587

5 2-20-79 88.92 7.953 707 21 100 714. 760. 0 0644

195 3-27-79 87.81 57 100 5013.95 100 5064. 5100. 0 0071

141 3-27-79 87.81 9 997 577 81 Inc 887. 1000. 0 1274

174 3-27-79 87.81 7 892 692 97 100 700 750. 0 0714

157 4- 8-79 87.43 54 350 4751 82 100 4799. 6300. 0 3128

134 4- 8-79 87.43 0 000 524.La 100 530. 600. 0 1321

306 4- 8-79 87.43 102 667 8976 14 100 9066 1Q000. 0 1030

P AVERAGE = 0 1202

S= 0 0838

H AVERAGE = 3011 7

| ABS'P AVENAGE) + 25 = 0 2878

L= 0 3000

i

| eeeeeeeeee p4SS eeeeeeeeeee.
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94
CATEGORY II, HIGH-ENEROY X RAY

INTERVAL le 10 - 800 RAD
PHOCESSOR f.1ME :

PROCESSOR CODE NO. :

NHS TECHNIQUE MFK

IQPADIATION DISTANCE 100 CM

IRRA. IHRA. DFEP ABSORBED DOSE, CX = 1 33
DOtIME7ER D A T'; RATE T1pE EXPOSURE DELIV. REPuRT.
NUMBER IRRADIATED (R/ MIN) (MIN) (R) (RAD) (HAU) P=(H+-H)/H

37 2-23-79 8.83 46 560 411 30 547 675.000 0.2340

55 2-23-79 6.83 20 090 177 39 236. 385.000 0.6314

6 2-23-79 8.83 3 830 33.82 45 27.ugo -0.*000

26 2-23-79 8.83 50.410 445 12 592. 613.000 0.0355

166 3-26-79 10.83 46 100 520 92 693. 675.000 -0.0260

161 3-26-79 10.83 7 140 77a33 103, 79.000 -0.2330

193 3-26-79 10.83 52 330 566.73 754 625.000 -0.1711

36n 4-25-79 10.54 32 660 344 24 458. 750.000 0.6376

345 <-25-79 10.54 25 260 266.24 354 610.000 0.7232'

311 4-25-79 10.54 11 710 123 42 164 355.u00 1.16*6

p AVEHAGE = 0.2596

S= 0.5067 |

H AVENAGE = 394.6
i

* 25 = 1.2730 iAB5(P AVERAGE)

L= 0.3000

... ......e pArt eeeeeeeee.



95CATEGORY II, HIGH-ENERGY X RAY

|INTERVAL 2, 30 - 100 MdEM '

pHorESSOR NAME :

DROCESSOR CODE NO. :

TYPE Or DOSINETER : FILMNRS TECHNIQUE : HFK

IARADIATION DISTANCE : 100 CM

IHRA. IHRA. SHALLOh DOSE Loulv., CA=1.260DOCIuETER DATE RATE TIME EAPOSURE DELIV. REPORT.
NilMRER IRRADIATED (MN/ MIN) (MIN) (MR) (MkEu) (MRtM) P=(No-H)/N

24 2-21-79 20.44 1 690 34.54 44 60 0.3636
3R 2-21-79 20.44 2 225 45.48 57. 75 0.3158

7 2-21-79 20.44 3 395 69 39 67 110 0.3333
191 3-23-79 20.46 3 190 65 27 62 106 0.2927

167 3-23-79 20.46 3 815 78 05 98 120 0.2245
160 3-23-79 20.46 1 610 37 03 *7 6U. 0.2766

140 3-23-79 20.46 1 230 25 17 32. SU. 0.5625
303 4-25-79 21.30 2 440 51 97 65. 103 0.6154
313 4-25-79 21.30 2 710 57.72 73. 107 0.4656
351 4-25-79 21.30 3 100 66 03 83. 110 0.3253

P AVEHAGE = 0.3775

5= 0 1283

H AVEHAGE = 66.6

ABS (o AVERAGE) * 25 = 0.6341

L= 1.8353

eeeeeeee++e PASS ***eeeeeee



CATEGORY Ile HIGH-ENERGY A RAY

INTERVAL 2, 30 - 100 MREM
pHOCEss0R NAME :

PROCESSOR CODE No. :

TYPE Or DOSIMETER : FILM
NRS TECHNIQUE : HFK

IppADIATION DISTANCE : 100 CM

IRRA. lHWA. DEEP DOSE EQUIVALENT, CA=1.200
D0cluETER DATE RATE TIME EA?OSURE DELIV. REPORT.

NUMPEP IRRADIATED (MR/ MIN) (MIN) ( s'R ) (WWEM) (MHtM) P=(No-H)/H

24 2-21-79 20.44 1 690 3 4 . 5 '+ 44 60 0.3636

38 2-21-79 20.44 2 225 45.48 57. 73 0.3156

7 2-21-79 20.44 3 395 69 39 47. lib. 0.3333

191 3-23-79 20.46 3 190 65.27 62 106 0.2927

167 3-23-79 20.46 3 815 78 05 98 120 0.22*5

16n 3-23-79 20.46 1 810 37 03 *7. 60 0.2766

140 3-23-79 20.46 1 230 25 17 32. 50, 0.5625

303 4-25-79 21.30 2.440 51 97 65. 103, 0.6154

313 4-25-79 21.30 2 710 57.72 73. 10 1, 0.4658

351 4-25-79 21.30 3 100 66 03 e3. 110 0.3253

P AVEHAGE = 0.3775

S= 0.1283

H AVEHAGE = 66.8

+ 2S = 0.6341ARS(D AVEHAGE)

L= 1.8353

e eeeeeeeee Pass eeeeeeeee.
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CATEGORY IIo HIGH-ERERGy x RAY

INTERVAL 3. 101 - 300 MkEM
PROCESS 0W NAME :

PHOCE550R CODE NO. *

TYPE OF DOSIMETER FILM
N85 TECHNIQUE : HFG

IRRADIATION O!5TANCE * 100 CM

IHRA. 1RRA. SMALL0m DOSE touly., Cx=1 350
DOCIwETER DATE RATE TIME EXPOSURE DELIV. REPORT.

NUMBEG IRRADIATED (MR/ MIN) (MIN) (MR) (WMEa) (MRLM) P=(He-H)/H

39 2-20-79 62.55 1.870 116.97 158. 17u. 0.0759

23 2-20-79 62.55 1 305 81 63 110 124 0.1000

56 2-20-79 62.55 2 950 184 52 269. 24o. -0.0040

190 3-21-79 65.60 3 040 199.42 269 256 -0.0483

16R 3-21-79 65.60 1 520 99.71 135 163 0.2222

18n 3-21-79 65.60 1 970 129 23 174. 197 0.1322

142 3-21-79 65.60 2 310 151 54 205. 26J. 0.2829

335 4-24-79 66.13 2.410 159 37 215. 225 0.0465

316 4-24-79 66.13 3 280 216 91 293. 337 0.1502

359 4-24-79 66.13 1 790 116 37 100. 170 0.0625

P AVEHAGE = 0.1020

5= 0.0998

H AVEHAGE = 196 8

25 = 0.3015AR5(D AVERAGE) *

L= 1.0692

eeeeeeeeeee PASS eeeeeeeeee

|
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98CATEGORY II, HIGH-ENERGY x ray

INTERVAL 3, 101 - 300 MREM
PHOCESSOR NAME :

PROCESSO4 CODE NO. :

TYPE OF DOSIMEIER : FILM
NHS TECHNIQUE : HFG

fonADIATION DISTANCE : 106 CM

IRRA. IRRA. DFFP 00SE EQU1 VALENT, Cx=1.350
00%IwETER DATE RATE TIpE EAP05URE DELIV. REpunT.
NUMREP IRRADIATED (MR/ MIN) (MIN) (MR) (MHEu) (MHtM) P=(No-H)/H

30 2-20-79 62.35 1.870 116.97 15H. 17u. 0.0759
23 2-20-79 62.55 1 305 81 63 110 121 0.1000

56 2-20-79 62.55 2 950 184 52 2*9 24o. -0.0040
190 3-21-79 65.60 3 040 199.42 269 256 -0.0483

168 3-21-79 65.60 1 520 99 71 135. 163 0.2222
180 3-21-79 65.60 1 970 129 23 174 197 0.1322
142 3-21-79 65.60 2 310 151 54 205. 26J. 0.2829

335 4-24-79 66.13 2.410 159 37 215. 223 0.0465
316 4-24-79 66.13 3 260 216.91 293. 337 0.1502
359 4-24-79 66.13 1 790 118 37 160. 17u. 0.0625

P AVEHAGE = 0.1020

5= 0.0996

H AVENAGE = 196.8

ABS (P AVERAGE) * 25 = 0.3015

L= 1.0692

........... PASS **........
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99CATEGORY II, HIGH-EWERGy A RAY

INTERVAt 4, 301 - 10,000 MHEM

,
PROCESSOR NAME :

i

| PROCESSOR CODE No. :
!

TYPE'0F 00SIMETER : FILM
NAS TECHNIQUE : MFG

IDRADIATION DISTANCE : 100 CM

IRRA. IRPA. SHALL0w 005E LOUIV., Cx=1 280
pncIEETER DATE RATE TIwE EXPOSURE DELIV. REPURT.

NUM ER IRRADIATED (Mk/ MIN) (MIN) (MR) (MREw) (MRtM) Pa(H+-H)/H

22 2-14-79 877.20 5 085 4460 56 5710, 640y. 0.1208

ca 2-13-79 105.20 3 110 327 17 419, 490 0.1695

57 2-14-79' 877.20 2 340 2052 65 2627, 3009 0.1420

P 2-13-79 105.20 3.490 367 15 470 52*. 0.1149

150 3-21-79 860.30 6 300 5419.89 6937. 7425 0.0703

103 3-21-79 860.30 5.930 5101 58 6530. 690U. 0.0567

175 3-19-79 102.90 5 685 584 99 749 649 -0.1455

117 4-24-79 896.30 3 690 3307.35 4233. 4095 -0.0326

331 4-24-79 73.27 3s820 279.89 358 400, 0.1173

356 4-24-79 73.27 6 670 486.71' 626 595 -0.0495

0 AVEMAGE = 0.0564

5= 0.1008

H AVEHAGL = 2865.9

ARSto A v'E R A GE ) + 25 = 0.2580

L= 0.5000

........... PASS eeeeeeeee.
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100CATEGORY IIo HIGH-ENERGY A PAY

INTERVAL 4, 301 - 10,000 MHEM
PROCESSOR NAME :

PROCLSS00 CODE NO.

TYPE OF DOSIMETER : FILM
NAS TECHNIQUE I MFG

IppADIATION DISTANCE 8 100 CM

IRRA. IHRA. DFFP DOSE EQU1 VALENT, cx=1.2JO
DOCIwE7ER DATE NATE T1wE EAPOSURE DELIV. RLPUNT.
NUMBER IRRADIATED (MH/ MIN) (MIN) (MR) (wkEM) (HRtu) P=(He-H)/M

22 2-14-79 877.20 5 085 4460 56 54c6 615u. 0.1210

40 2-13-79 105.20 3 110 327 17 402. 4 8 'J . 0.1940

57 2-14-79 877.20 2 340 2052.e5 2525. 2900 0.1485

4,

a 2-13-79 105.20 3.490 367 15 452, 50*. 0.1150

150 3-21-79 860.30 be300 5*19.89 6666 7133 0.0704

143 3-21-79 860.30 5 930 5101 58 6275. 655u. 0.0438

175 3-19-79 102.90 S.685 584.49 720. 613 -0 1458

317 4-24-79 896.30 3.690 3307 35 4068 393b. -0.0324

331 4-24-79 73.27 3 820 279 89 344 38*. 0.1163

356 4-24-79 73.27 6 670 488.71 601. 572 -0.0483

P AVEHAGE = 0.0583

S= 0.1047

H AVENAGE = 2753.9

ARS(D AVERAGE) * 25 = 0.2677
i

L= 0.5000

eeeeeeeeeee PASS *****eee++
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101
CATEGORY III, Low-ENERGY X RAY

INTERVAL 1, 150 - 300 MeEM
PROCLSSOR NAME :

pkOCES50" CODE No. :

TYPE Or DOSIMEIER : FILM
NBS TECHNIQUE * L-G

;noADIATION DISTANCE 8 200 CM

IRRA. IHRA. SMALLOW DOSE toulV., Cx=0.810
DOCIMETER DATE RATE T1=E EAPOSURE DELIV. REpv4T.
NUMPER IRRADIATED (MH/ MIN) (MIN) (MR) (WWEu) (MRLM) P=(H.-H)/H

41 2-26-79 114.50 1 890 216.41 175. 190 0.0857

58 2-26-79 114.50 2 920 334 34 271. 340 0.2841

9 2-26-79 114.50 2 260 258.77 P10 21u. 0.0

21 2-26-79 114.50 1 780 203 81 165 18*. 0.1152

176 3-13-79 116.80 2 660 310 69 252. 28*. 0.1270

189 3-13 79 116.80 2 770 323 54 262. 340 0.2977

144 3-13-79 116.80 3 010 351 57 265. 315 0.1053

353 4-28-79 116.00 2 510 291 16 236 320 0.3559

333 4-28-79 116.00 1 880 218 08 177. 203 0.1582

325 4-28-79 116.00 1 930 223.48 lol. 23U. 0.2707

P AVEHAGE = 0.1800

5= 0 1146

H AVEHAGE = 221.4

ARS(p AVERAGE) + 25 = 0.4092

L= 1.0081

........... PASS ..........

.-
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CATEGORY III. LOW-ENERGY x PAY

INTERVAL 1, 150 - 300 MuEM
PROCESSOR NAME :

DROCESSOR CODE No. :

TYPE Or DOSIMETER : FILM
NAS TECHNIQUE : L-G

IRRADIATION DISTANCE : 200 CM

IRRA. IRPA: DEEP DOSE EQU1 VALENT, Cx=0.250
00mluETER DATE RATE TIME EAP05URE DELIV. REPURT.
NUMRER IRRADIATED (MR/ MIN) (MIN) (MR; (MREM) (MRLu) P=(He-M)/M

41 2-26-79 114.50 1.890 216 41 56 SY. 0.0926

58 2 ';6-79 114.50 2 920 334 34 86 100 0.2857

9 2-26-79 114.50 2 260 258.77 65. 65 0.0

21 2-26-79 114.50 1 780 203.61 bl. 55 0.0784

176 3-13-79 116.80 2 660 310 69 78. 80 0.1282

189 3-13-79 116.80 2 770 323.54 81. 105 0.2963

144 3-13-79 116.80 3 010 351 57 88. 97 0.1023

353 4-28-79 116.00 2 510 291 16 73 100 0.3699

338 4-28-79 116.00 1.R80 218 06 55. 65 0.1818

J25 4-28-79 116.00 1 930 223 88 56 71 0.2679

P AVENAGE = 0.1803

S= 0.1190

H AVEMAGE = 68.5

ABS (P AVERAGE) +25= 0.4184

L= 1.8124

........... pass eeeeeeeee.
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CATEGORY III, LOW-ENERGY X RAY

INTERVAL 2, 301 - 10,000 MRFM
PRorESSOR NAME :

PROCESSOR CODE NO. :

TYPF OF 00SIMETER : FILMN95 TECHNIQUE : L-G
1

IcoADIATION DISTANCE : 200 CM

1RRA. IRRA. 5 MALLOW DOSE LOUIV., CX=0.610
DOCIMETER DATE RATE TIME EXPOSURE DELIV. REPugt.
NUMPER IRRADIATED (MR/ MIN) (MIN) (MR) (WWEM) (MHLM) P=(N*-H)/N

02 2-26-79 286.40 18 150 5198 16 4P11. 283d. -0.3268

59 2-26-79 286.40 37.460 10728 54 8690. 750u. -0.1369

2R 2-26-79 206.40 2 980 853.47 691. 83u. 0.2012
10 2-26-79 286.40 15 920 4559.48 3693 2750 -0.2553

177 3-14-79 288.60 1 660 479 08 384 403 0.0438
105 3-14-79 288.6C 11 840 3417 03 2768 270u. -0.0246

157 3-14-79 288.60 1 880 542.57 439 520 0.1982
357 4-29-79 288.80 29.900 8635 12 6994 697D. -0.0027

336 4-29-79 288.80 3 610 1042 57 A44 1377 0.6315
310 4-29-79 288.80 1 770 511 18 41 . 500 0.2271

4

I

P AVE" AGE = 0.0555

5= 0.2774

H AVEHAGE = 2913.2

A9S(p AVERAGE) * 2S = 0.6103
i L= 0.5000
i

ese******** FAIL ****eeeee*

!
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104
CATEGORY III. low-ENERGY A RAY

INTERVAL 2, 301 - 10,000 MREM
PROCESSOR NAME :

PHOCESSOR CODE NO. :

TYPE OF DOSIMETER FILM
NRS TECHNIQUE 8 L-G

IRRADIATION DISTANCE 8 200 Cp

IRRA. IRRA. DEEP DOSE EQU1 VALENT. CA=0 250
00c! METER DATE RATE TIME EAPOSURE DELIV. REPORT.
NUMRER IRRADIATED (MR/ MIN) (MIN) (MR) (phew) (Metu) P=(H+-N)/M

42 2-26-79 286.40 18 150 5198 16 1300. 873 -0.3269

59 2-26-79 286.40 37.460 10728 54 2662. 230u. -0.162*

28 2-26-79 286.40 2.980 853.47 P13. 22v. 0.0329

10 2-26-79 286.40 15.920 4559.46 1160. 850 -0.2564

177 3-14-79 288.60 1 660 479 08 120 123 0.0417

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. 16d. 0.1912

357 4-29 79 288.80 29 900 8635 1'd 2159 2150 -0.0042

!

! 336 4-29-79 288.80 3 610 1042 57 261. 423 0.6284

|

| 310 4-29-79 288.80 1 770 511 18 129 157 0.2266

' 1
P AVEHAGE = 0.0271 i

I
5= 0.2759

M AVEHAGE = 899 3

AR5(o AVERAGE) * 25 = 0.5786 |

L= 0.5002

|
'

........... FAIL **********
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105CCTEGORY IV. BETA

INTERVAL 1. 150 - 300 MPEM
PROCESSOR NAME :

DROCESSOR CODE NO. :

TYPE OF DOSIMETER
SOURCE : STRONTIUM-90

'
: FILM

IRRADIATION DISTANCE : 3S Cu
-

IHRA. IHRA. 5 mallow DOSE toulV.. CA=0.966
nocTuETER DATE RATE TIME DOSE DELIV. REPURT.
NUMBER IRRADIATED (MHAD/M) (MIN) (MREM) (MkEw) (MRtM) P=(H+-H)/M

43 2-18-79 152.30 1 860 283.28 P74 320 0.1679

'. c 2-18-79 152.30 1 060 164 48 159 20 I. 0.3019

IP 2-18-79 152.30 1 580 240 63 733. 26u. 0.1159

20 2-18-79 152.30 1 780 271 09 Pb2 300 0.1450

156 3- 9-79 152.00 1 700 258 40 250. 27b. 0.1000

188 3- 9-79 152.00 1 290 196 08 190. 214 0.1211

149 3- 9-79 152.00 1 320 200.64 194 200 0.0722

407 5-10-79 151.30 1 670 252 67 244 273 0.1270

503 5-10-79 151.30 1 220 184 59 178, 213 0.2079

504 5-10-79 151.30 1 900 287.47 278. 310 0.1151

P AVENAGE = 0.1474

S= 0.0658

H AVEHAGE = 226.2

APS(D AVERAGE) * 2S = 0.2790

L= 0.9973

EAs[ .....................



COTEGORY IV. BETA

INTERVAL 2, 301 - 10,000 MREM
PROCESSOR NAME :

PROCESSOR CODE No. :

TYPE OF DOSIME!ER : FILM
SOURCE : STRONTIUM-QQ

IppADIATION DISTANCE : 35 Cp

IRRA. lHRA. SMALL0w OOSE t001V., Cx=0.966
00%IuETER DATE RATE TIuE DOSE DELIV. REPURT.
NUMBEP IRRADIATED ( k'. AD/M ) (MIN) (MWEu) (MHL- ) (MRtM) P=(H+-H)/N

44 2- 6-79 152.30 46.800 7127.64 6889 6700 -0.0?7,

13 2- 6-79 152.30 4 890 744.75 720 850 0.1806

Jo 2- 6-79 152.30 12 190 1856.54 1794 2573 0.4353

183 3-21-79 152.00 3 710 563.92 545 68u. 0.2477

152 3-21-79 152.00 17 660 2684 32 2594 2 9 6!' , 0.1411

1 169 3-21-79 152.00 6.740 1024.48 990. 873 -0.1162

13o 3-21-79 152.00 9.?20 1401 44 1354 1600, 0.1817

354 4-23-79 151.60 3 540 536 66 519 740 0.*258

314 , ' ? ' .7 9 151.60 53.600 8125.76 7854 8530 0.0868

327 4-23-79 151.60 5 690 862 60 834 975 0.1691

P AVEHAGE = 0.1725

5= 0.1734

H AVENAGE = ?+09.3

ABS (P AVERAGE) + 25 = 0.5193

L= 0.5000

*********** FAIL =*********

i

,

|
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107CATEGORY V, NEUTRON

INTERVAL le 100 - 300 MREM
PRotLSSO4 NAME :

1

PROCESSOR CODE No. *

TYPE Or DOSIMETER FILM
SOURCE : CALIFORNIUM-252

IppADIATION DISTANCE : SHowN BELow

NOTE : DELIVERED DOSE EQU1 VALENT INCLUDES THE
ROOM RETURN (SCATTER) CORRECTION FACTOR
SHOWN BELOW

DOSE EQ. IRRA. IRRA. DEtp DOSE EQUIVALENT
00cIwETER DATE RATE TIME DIST. SCATTER DELIV. REPORT.

NUM4EP IRRADIATED (HREM/ MIN) (MIN) (CM) C.F. (MREM) (MREM) P=(H'-H)/H

75 2-21-79 78.45 1 336 50 1.015 106. 150. 0.4151

64 2-21-79 78.45 2.543 50 1.015 202. 275. 0 3614

72 2-21-79 78.45 3.733 50 1.015 297. 358. 0 2054

52 2-21-79 78.45 2.383 50 1.015 190. 235. 0 2368

200 3-13-79 77.33 2.335 50 1.015 183. 142. -0 '.240

199 3-13-79 77.33 3.600 50 1.015 283. 360. 0 3428

205 3-13-79 17.33 3.446 50 1.015 270. 290. 0 0741
374 4-26-79 74.93 2.223 50 1.015 169. 436. 1 5799

368 4-26-79 74.93 1.530 50 1.015 116. 310. 1.6724

363 4-26-79 74.93 2.339 50 1.015 178. 356. 1 0000

0 AVERAGE = 0 5664
|

| 5= 0 6377
I

H AVERAGE = 199.4
'

ABS (p AVEMAGE) + 25 = 1 8417

L= 1 0623
_

********** FAIL ************

r s



108CATEGORY Ve NEUTRON

INTERVAL 2, 301 - 5,000 MREw
PROCESSOR NAME :

PROCESSOR CODE NO. :

TYRE OF 00SIMETER : FILM
SOURCE : CALIFORNIUM-252

i

IRRADIATION DISTANCE : SHOWN BEL 0w |

NOTE : DELIVEWED DOSE EuulVALENT INCLUDES THE
ROOM RETURN (SCATTER) CopAECTION FACTOR
SHOWN BELOW

DO5E EO. IRRA. IRRA. OEtp DOSE EuulVALENT
00tIuETER DATE RATE TIME DIST. SCATTER DELIV. HEPORT.
NUMPER IRRADIATED (MREM / MIN) (MIN) (CM) C.F. (MREM) (MNEM) P=(H+-M)/H

] 70 2-25-79 78 22 49.660 50 1.015 3943. 5050. 0 2808

63 2-25 79 78.22 4.443 50 1.015 353. 510. 0 44*8

65 2-25-79 78 22 23.550 50 1.015 1970 2215. 0 1845

74 2-25-79 78.22 11.690 50 1.014 928. 1240. 0.3362

207 3-15-79 77.22 57.500 50 1.015 4507. 5020. 0 1138

19e 3-15-79 77.22 10.320 50 1.015 809 1000. 0 2361

203 3-15-79 77.22 39.500 50 1.015 3096. 3*80. 0 1240

365 '-18-79 75.36 11.400 50 1.015 872 106S. 0 2213

369 4-18-79 75.36 32.000 50 1.015 2448. 3180. 0 2990

373 4-18-79 75.36 6.636 50 1.01; 508. 590. 0 1614

o AVERAGE = 0 2402

5= 0 1024

H AVERAGE = 1933.4

AB5(A AVEHA G E') + 25 = 0 4460

L = 0 5000

* ******** PASS ************



CATEGORY VI. GAMMA COMPONENT PAGE 1 0F 3
OF GAMMA P US HIGH-ENERGY X RAYL

INTERVAL le 50 - 100 MREM
PROCESSOR NAME :'

PROCESSOR CODE NO. :

TYPE OF DOSIMETER
SOURCE : CORALT-60 IR9ADIATOR

~ FILM

IRRADIATION DISTANCE : 200 CM

DELIVERED DOSE EQUIVALENT
IqRA. IRRA. SHALLOW DEEP

DO9IuETER DATE RATE TIME EXPOSURE CX=1 01 CA=1.01
NtiMPED IRRADIATED (MR/ MIN) (MIN) (MR) (MREM) (MREM)

05 2-13-79 22.51 2 822 63.5P 64. 64

14 2-13-79 22.51 1 053 23.71 24. 24

le 2-13-79 22.51 2 073 46.67 47. 47.

173 3-14-79 22.27 0.642 14.29 14. 14

151 3-14-70 22.27 2 308 51.41 52. 52.

187 3-14-79 22.27 0.760 16.93 17. 17.

158 3-14-79 22.27 3 560 79.2a 80. 80.

350 4- 1-79 22.13 0 927 20.51 21. 21.

332 4- 1-79 22.13 1 745 38.62 39. 39.

302 4- _l-79 22.13 0 663 14.68 15. 15.



.- - .-

110
CATEGORY VI. X RAY COMPONENT PAGE 2 0F 3

0F GAMMA PLUS HIGH-ENERGY X RAY

INTERVAL le 50 - 100 MHEM
pHOCESSOR NAME : 1

PHOCESSOR CODE NO. :

NAS TECHNIQUE : HFK

IRRADIATION DISTANCE : 100 CM

DELIVERED DOSE EQUIVALENT
IppA. IRHA. SHALLOW DEEP

00SIMETER DATE RATE TIME EXPOSURE CX=1 26 Cx=1.26
NilMBER IRRADIATED (MR/ MIN) (MIN) (MH) (MHEM) (MNEM)

45 2-21-79 20.44 0.980 20.03 25. 25.
|

14 2-21-79 20.44 2 620 53.55 67. 67.'

19 2-21-79 20.44 0 730 14.'12 19. 19

173 3-23-79 20 46 1 540 31.51 40. 40.

151 3-23-79 20 46 0 780 15.96 20. 20.

187 3-23-79 20.46 0.810 16.57 21. 21.

158 3-23-79 20 *6 1 040 21.26 27. 27.

35n 4-25-79 21.30 2 110 44.94 57. 57.

332 4-25-79 21.30 0.670 14.27 18. 18.

302 4-25-79 21.30 1 670 35.57 45. 45.

|

4

I
l
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CATEGORY VI. TOTAL OF GAMMA PLUS x RAY PAGE 3 0F 3

INTERVAL 1, 50 - 100 MREM
PROCESSOR NAME :

PROCESSOR CODE NO. :

TYPE OF DOSIMETER : FILM
"

.

TOTAL SHALLOW DOSE EQUIVAL ENT TOTAL DLEP DOSE EQUIVALENT
notTWETEP DELIVERED REPORTED DELIVERED REPORTED
NUMAER (MPEM) (MREM) P=(He-H)/M (MREM) (MREM) P=(H+-M)/H

45 89 125. 0.4045 89. 125. 0.4045

14 91. 110. 0.2088 91. 110. 0.2088

19 66 90. 0.3636 66 90. 0.3636

173 54 e5. 0.2037 54. 65. 0.2037

151 72 98. 0.3611 72. 98. 0.3011

187 38 38. 0.0 38. 38. 0.0

154 107 130. 0.2150 107. 130. 0.2150

350 78 45. -0.4231 78. 45. -0.4231

337 57 115. 1.0175 57. 115. 1.0175

302 60 80. 0.3333 60. 80. 0.3333

P AVERAGE = 0 2684 PAVERAGE = 0.2684

5= 0 3594 5= 0.3594

H AVERAGE = 71.2 H AVERAGE = 71 2

A8S(P AVERAGE) + 25 = 0.9872 ABS (P AyERAGE) + 2S = 0.9872

L= 1 7777 L= 1 7777

| ****3*?*** PASS **** m **** ********** P SS **** m m *A

_
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CATEGORY VI, GAMMA COMPONENT PAGE 1 0F 3

OF GAMMA P US HIGH-ENERGY X RAYL

INTERVAL 2, 101 - 300 M9EM
PROCESSOR NAME :

PROCESS 0R CODE NO. :

SOURCE : COBALT-60 IRRADIATOR

'

IRRADIATION DISTANCE 100 CM

DELIVERED DOSE EQUIVALENT
Ip4A. IRRA. SMALLOW DEEP

D0%IMETER DATE RATE TIME Exp0SURE CX=1 01 CA*1.01
NUMPEA IRRADIATED (MR/ MIN) (MIN) (MW) (MREM) (MHEM)

54 2-13-79 22.51 2 607 58.69 59. 59.

15 2-13-79 22.51 5.307 119.45 121. 121.

46 2-13-79 22.51 7.027 158.17 160. 160.

178 3-14-79 22.27 4 690 106.45 105. 105.

186 3-14-79 22.27 3.395 75.61 76. 76.

147 3-14-79 22.27 3.490 77.72 78. 78.

153 3-14-79 22.27 4.617 107.27 108. 108.

315 4- 1-79 22.13 2 200 50.01 51. 51.
1

324 4- 1-79 22.13 4 028 89.15 90. 90. |

146 4- 1-79 22.13. 2 522 55.60 56. 56.

.

I

|



113CATEGORY VI. X RAY COMP NENT PAGE 2 0F 3O
P US HIGH-ENERGY X RAY0F GAMMA L

INTERVAL 2. 101 - 300 MkEM
PROCESSOR NAME :

PROCESSOR CODE NO. :

TYPE Or DOSIMETgs : rILM
NRS TECHNIQUE I HFG

IRRADIATION DISTANCE 8 100 CM

DELIVERED DOSE EQUIVALENT
IDRA. IRRA. SHALLOW DEEP

D09IuETER DATE RATE TIME EXPOSUME Cx=1 35 Cx=1.35
NUMRER IRRADIATED (MR/ MIN) (MIN) (MW) (MREM) (MHEM)

50 2-20-79 62.55 1 780 111.34 150. 150.

15 2-20-79 62.55 0 950 59.42 80. 80.

06 2-20-79 62.55 .'.185 74.12 100. 100.

178 3-21-79 65.60 0.440 31.49 43. 43.

186 3-21-79 65.60 2 210 144.98 196. 196.

107 3-21-79 65.60 0.420 27.55 37. 37.

153 3-21-79 65.60 0.480 31.49 43. 43.

315 4-24-79 66.13 1 400 92.59 125. 125.

320 4-24-79 66.13 0 410 27.11 37. 37.

306 4-24-79 66.13 1 590 105.15 142. 142.

|
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CATEGORY VI. TOTAL OF GAMMA PLUS x' RAY PAGE 3 0F 3

INTERVAL 2, 101 - 300 MPEM
PROCESSOR NAME :

PROCESSOR CODE NO. :

TYPE OF DOSIMET R : FILME

TOTAL SHALLOW DOSE EQUIVALENT TOTAL DE P DOSE EQUIVALENTF
00%IMETER DELIVERED REPORTED DELIVERED REPORTED
NUMPER (MREM) (MREw) P=(H'-H)/H (MREM) (MREM) P=(H+-H)/N

54 209 194 -0.0718 209. 194. -0.0718

15 201 153. -0.2388 201 153. -0.2388

46 260 162. -0.3769 260 162. -0.3769

178 148 81. -0.45e7 148. Bl. -0.4527

186 272 529. 0.9449 272 529. 0.9649

147 115 170. 0.4783 115. 170. 0.4783

153 151 235. 0.5563 151. 235. 0.5563

315 176 185. 0.0511 176. 185. 0.0511

3P4 127 81. -0.3622 127. 81. -0.3622

346 198 195. -0.0152 198. 195. -0.0152

P AVERAGE = 0 0513 P AVERAGE = 0.0513

S= 0.4652 S= 0.4652 |
;

'H AVERAGE = 185.7 HAVERAGE = 185 7

ABS (P AVERAGE) + 25 = 0.9817 ABS (P A V E R AGt. ), + 25 - 0.9817

L= 1 1007 L= 1.1007 |
:

********** PASS *********** ********** P SS ***********A



CATEGORY VI. GAMMA COMPONENT PAGE 1 0F 3
P US HIGM-ENERGY X RAY0F GAMMA L

i

INTERVAL 3, 301 - 10 000 MREM
PROCESSOR NAME :

PROCESSOR CODE NO. :

SOURCE : COBALT-60 IRRADIATOR

IRPADIATION DISTANCE : 100 CM

DELIVERED DOSE EQUIVALENT
IRRA. IRRA. SMALL0w DEEP

DOSIuETER DATE RATE TIME EAPOSURE Cx=1.01 Cx=1.01
NUMRED IRDADIATED (MR/ MIN) (MIN) (Mw) (MREM) (MREM)

50 2- 6-79 89.37 1 625 145.23 167. 147.

16 2- 6-79 89.37 56.450 5044.93 5095. 5095.

IR 2- 6-79 89.37 1 545 138.08 139. 139.

32 2- 6-79 89.37 52 450 4687.45 4734. 4734

155 3-13-79 88.25 4.220 372.41 376. 376.

179 3-13-79 88.25 6.040 533.03 538. 538.

108 3-13-79 88.25 2 977 262.69 265. 265.

10 VOID 4- 2-79 87.65 19.650 1722.32 1740. 1740.

49 VOID 4- 2-79 87.65 1 232 107.9e 109. 109.

24 VOID 4- 1-79 87 68 46 183 4049.35 4090. 4090.

i

|

1

|

|

9
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CATEGORY VI, x RAY COMPONENT PAGE 2 0F 3

OF GAMMA P US HIGH-ENERGY X HAYL

INTERVAL 3, 301 - 10 000 MREM
PROCLSSOR NAME :

PROCESSOR CODE NO. :

TYPE OF DOSIMET R : FILM lE
N85 TECHNIQUE : MFG

|

IPRADIATION DISTANCE 100 CM

DELIVERED DOSE EQUIVALENT
IQRA. IRRA. SHALLOW DEEP

DOSIuETER DATE RATE TIME Exp0SURE Cx=1 28 Cx=1.23
NUMREP IRAADIATED (MR/ MIN) (MIN) (Mw) (MNEM) (MHEM)

50 2-13-79 105.20 2.695 283.51 363. 349.

16 2-14-79 877.20 1 785 1565.80 2004. 1926.

1A 2-13-79 105.20 2.420 254.58 326. 313.

32 2-14-79 877.20 1 550 1359.66 17*0. 1672.

155 3-19-79 102.90 1 130 116.28 149. 143.

179 3-21-79 860.30 1 230 1058.17 1354. 1302.

148 3-19-79 102.90 5.015 516.04 661. 635.

10 VOID 4-24-77 896.30 3 820 3423.87 4383. 4211.

49 VOID 4-24-79 73.27 2 780 203.69 261. 251.

24 VOID 4-24-79 896.30 1 405 1259.30 1612. 1549.

|
!

!

I

s

a
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CATEGORY VI TOTAL OF GAMMA PLUS x RAY PACE 3 0F 3

INTERVAL 3, 301 - 10,000 MREM
PROCESSOR NAME :

PROCESSOR CODE NO. :

TYPE OF DOSIMETER : FILM

TOTAL FMALLow DOSE EQUIVALENT TOTAL DtEP DOSE EQUIVALENT
nOSIMETER DELIVEhwD REP 0HTED DELIVERED REPORTED

NUM4ER (MREM) (MREM) P=(H+-H)/H (MdEM) (MhEM) P=(H+-H)/H

EO 510 500. -0.0196 496. 485. -0.0222

16 7099 8000. 0.1269 7021. 7900. 0.1252

18 465 371. -0.2022 452. 357. -0.2102

JP 6474 7140. 0.1029 6406. 7100. 0.1083

155 525 418. -0.2038 519. 418. -0.1946

179 1892 1*72. -0.2220 1840. 1*15. -0.2310

148 926, 705. -0.2387 900. 675. -0.2500

10 VOID 6123 O. -1.0000 5951 O. -1.0000

40 VOID 370 O. -1.0000 360. O. -1.0000

P4 votD 5702 O. -1.0000 5639. O. -1.0000

P AVERAGE = -0 0938 P A EHAGE = -0.0963V

5= 0 1603 S= 0 1637

H AVERAGE = 2555.9 H AVERAGE = 2519.1

ABS (P AVERAGE) + 25 = 0 4144 ABS (P AVERAGL) + 25 = 0.4238

L= 0 5000 L= 0.5000

... ****** PASS *********** ********** PASS ***********



,

CATEGORY VII, GAMMA COMPONENT PAGE 1 0F 3
P US GAMMA0F BETA L

- INTERVAL 1, 200 - 300 MDEM
PROCESSOR NAME :

PROCESSOR CODE NO. :

TYPE OF DOSIMETER : FILM
SOURCE : COBALT-60 IRRADIATOR

IRRADIATION DISTANCE : 100 CM

DELIVERED DOSE EQUIVALENT
IppA. IRHA. SMALLUw DEEP

DOSIMETER DATE RATE TIME EXPOSURE Cx=1 01 CX=1.01
NUMAED IRRADIATED (MR/ MIN) (MIN) (Mw) (MNEM) (MHLM)

31 2- 6-79 89.37 0 813 72.61 73. 73.

17 2- 6-79 89.37 1 920 171.59 173. 173.
4

48 2- 6-79 89.37 0 692 61.61 62. 62.

181 3-10-79 88.35 2 257 199.38 201. 201.

150 3-10-79 88.35 0.828 73.18 74 74

165 3-10-79 88.35 2 155 190.J9 192. 192.

146 3-10-79 88.35 2 030 179.35 181. 181.

347 4- 1-79 87.65 0 703 61.65 62. 62.

309 4- 1-79 87.65 0 822 72.02 73. 73.
4

320 4- 1-79 87.65 2 110 184.94 187. 187.
.

<

. . _ ,



CATEGORY VII, BETA COMPONENT PAGE 2 0F 3
OF BETA P US GAMMAL

INTERVAL 1, 200 - 300 MWEM
PROCESSOR NAME :

PROCESS 0R CODE NO. :

TYPE OF DOSIMETER
SOURCE : STRONTIUM-90

'
: FILM

IRRADIATION DISTANCE : 35 Cu

DELIVERED DOSE EQUIVALENT
IARA. I4NA. SHALL0n DEEP

DOSIMETER DATE RATE TIME ABS. DOSE CA=.9665 CX=0.00
NUMPEP IRRADIATED (MRAD / MIN) (MIN) (M4AD) (MHEM) (MREM)

3] 2-26-79 152.30 1 180 179,71 174. o,

17 2-26-79 152.30 0.420 63.97 62. O.

08 2-26-T9 152.30 1 010 153.62 149. O.

181 3-13-79 152.09 0.530 80.56 78. O.

15n 3-13-79 152.00 1 2n0 182.40 176. O.

165 3-13-79 152.00 0.510 77.52 75. O.

106 3-13-79 152.00 0.470 71.64 69. O.

307 4-16-79 151.60 1 030 156.15 151. O.

309 4-16-79 151.60 1 120 169.79 164 O.

320 4-16-79 151.60 0.490 76.28 72. O.

l
.

I

l
1
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CATEGORY VII TOTAL OF BETA PLUS GAuua PAGE 3 0F 3

?NTERVAL 1, 200 - 300 MwEM
PROCESSOR NAME :

PHOCESSOR CODE NO. :

TYPE OF DOSIMETEH : FILM

TOTAL SHALLOW DOSE EQUIVALENT TOTAL DLEP DOSE EQUIVALENT
00c!NETER DELIVERED REPORTED DELIVEHED REPORTED

Nilu A E R (MREM) (MREM) P=(He-H)/M (MdEM) (NHEM) P=(H+-H)/N

31 247 282. 0.1417 73. 92. 0.2603

17 235 240 0.0213 173. 240. 0.3873

48 211. 241. 0.1422 62. 64. 0.3546

1R1 279 310. 0.1111 201 210. 0.0448

150 250 263. 0.0520 74. 70. -0.05*1

165 267 372. 0.3433 192. 197. 0.0260

146 250 350. 0.4000 181 230. 0.2707

347 213 250. 0.1737 62 80. 0.2903

309 237 275. 0.1603 73. 95. 0.3014

320 259, 365. 0.4093 187. 190. 0.0160

P AVERAGE = 0 2005 PAVEHAGE = 0.1896

S= 0 1460 S= 0.1626

H AVEPAGE = 244.6 H AVERAGE = 127.8

ABS (P AVERAGE) + 2S = 0.4925 ABb(P AVERAGL) * 25 = 0.5149

0.9587 L= 1.3269L =

********** PAS 5 *********** ********** PASS ***********

.



CATEGORY VII, GAMMA COMPONENT PAGE 1 0F 3
P US GAMMA0F BETA L

! INTERVAL 2, 301 - 10,000 MREM
DROCLSSOR NAME :

PROCESSOR CODE No. :

SOURCE : CORALT-60 IRkADIATOR

IRRADIATION DISTANCE 100 CM

DELIVERED DOSE EuuIVALENT
1pRA. IRHA. SMALLOW DEEP

00%IMETER DATE RATE TIME ExROSURE Cx=1.01 Cx=1.01
NitMPER IRRADIATED (MR/ MIN) (MIN) (M9) (MREM) (MREM)

47 2- 6-79 89.37 17.267 1543.12 1559. 1559,

20 2- 6-79 89.37 1 658 148.21 150. ISO.

49 2- 6-79 89.37 15 548 1393.13 1407. 1407.

185 3-13-79 88.25 3 137 276.81 280. 280.

186 3-13-79 88.25 18.800 1659.10 1676. 1676.

164 3-13-79 88.25 6.770 597.45 603. 603.

344 4- 1-79 87.65 16.555 1451.0* 1466. 1466.

358 4- 1-79 87.65 1 673 146.67 148. 148.

312 4- 1-79 87.65 11 177 979.63 989. 989.

133 4- 1-79 87.65 2.838 248.78 251. 251.

_ _ _ _ _



CATEGORY VIIo BETA COMPONENT PAGE 2 0F 3
OF BETA P US GAMMAL

INTERVAL 2, 301 - 10,000 MREM

PROCESSOR NAME :

PROCESSOR CODE NO. :

TYPE OF DOSIMETER : FILM
SOURCE : STp0NTIUM-oO

IRRADIATION DISTANCE : 35 Cu

DELIVERED DOSE EQUIVALENT
IoRA. IRHA. SMALL0w DEEP

00%IwETER DATE RATE TIME ABS. DOSE CA=.9665 CA=0.00,

' NUMAER IRRADIA.TED (MRAD / MIN) (MIN) (Ma D) (MREM) (MREM)a

47 2-24-79 152.30 25 530 3888.22 3758. O.

20 2-24-79 152.30 2.440 371.61 359. O.

49 2-24-79 152.30 3.630 552.65 534 O.
i

185 3-14-79 152.00 0.750 114.00 110. O.

| 184 3-14-79 152.00 27.770 4221.04 4080. O.

16. 3-14-79 152.00 1 580 240.16 232. G.

344 4- 2-79 151.60 3.880 588.21 569. O.

358 4- 2-79 151 60 2 510 380.52 366. O.

312 4- 2-79 151.60 16 660 2525.66 2441. O.

333 4- 2-79 151 60 0.680 ;03.09 100. O.

|
:
i

!
(
!

i
|
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CATEGORY VII. TOTAL OF BETA PLUS GAMua PAGE 3 OF 3

INTERVAL 2. 301 - 10,000 MREM
PROCESSOR NAME :

PROCESSOR CODE NO. :

TYPE OF DOSIMETER : FILM

TOTAL SHALLOW DOSE EQUIVALENT TOTAL DE P DOSE EQUIVALENTE

notIMETER DELIVERED REP 0HTED DELIVERED REPORTED
NttuPER (MREM) (MREM) P=(H+-H)/M (MREM) (MHEM) P=(He-N)/H

47 5317 3270. -0.3850 1559. 2220. 0.4240

20 509 530. 0.0413 150. 258. 0.7200

40 1941 1900. -0.0211 1407. 1700. 0.2082

195 390 426. 0.0976 280. 318. 0.1357

104 5756 3350. -0.4180 1676. 2000. 0.1933

164 835 680. -0.1856 603. 660. 0.1277

344 2035 1980. -0.0270 1466. 1700. 0.1596

358 516 595. 0.1531 148. 165. 0.1149

312 3430 2300. -0.3294 989. 1300. 0.3145

333 351 415. 0.1823 251. 295. 0.1753

P AVERAGE = -0.0892 PAVERAGE = 0.2573

5= 0 2249 5= 0.1885

H AVERAGE = 2108.0 H AVERAGE = 852 9

ABS (P AVERAGE) + 25 = 0.5391 ABS (P AVERAGL) + 25 = 0.63*3

L= 0 5000 L= 0.5136

........ * Fall *********** +++ee***** FAIL **eeeeeeee+

!

_ _ _ . _



CATEGORY VIII, GAMMA COMPONENT PAGE 1 0F 3
0F NEUTHON PLUS GAuuA

INTERVAL 1, 150 - 300 MPEM
PROCESSOR NAME :

pHOCESSOR CODE NO. :

SOURCE : COBALT-60.IRHADIATOR

IppADIATION DISTANCE : 100 CM

NOTE : DELIVERED DOSE EQUIVALENT INCLUDES A GAMMA-RAY
CONTRIBUTION FH09 THE CF-262 SOURCE ECUAL TO
7.033 PERCENT OF THE NEUTRON DOSE EGUIVALENT

DELIVERED DOSE EQUIVALENT
IQRA. IRHA. SHALLOW DEEP

00%IuETER DATE RATE TIME EXPOSUME Cx=1.01 Cx=1.01
NtJMRED IRWADIATED (MR/ MIN) (MIN) (Mw) (MREM) (MREM)

66 2- 6-79 89.37 0 708 63.30 75. 75.

68 VOID 2- 6-79 89.37 1 370 122.64 124 12*.

71 2- 6-79 89.37 0.972 82.37 98. 98.

209 3-10-79 88.35 1 887 16o.69 173. 173.

204 3-10-79 88.35 0 718 63.46 75. 75.

197 3-10-79 88.35 1 332 117.65 122. 122.

701 3-10-79 88.35 0 882 77.90 92. 92.

375 4-10-79 87.37 1 577 137.75 143. 143.

371 4-10-79 87.37 0.612 53.44 64 64

362 4-10-79 87.37 1 985 173.43 180. 180.

.

k



125
CATEGORY VIIIe NEUTRON COMPONENT PAGE 2 0F 3

0F NEUTRON PLUS GAMMA

INTERVAL 1, 150 - 300 MMEM
PROCESSOR NAME :

RROCESSOR CODE NO. :

SOURCE : CALIFORNIUM-252

IRRADIATION DISTANCE : SHowN BELOW

NOTE : DELIVERED DOSE EQUIVALENT INCLUDES THE
ROOM RETURN (SCATTEN) CORRECTION FACTOR
CHOWN BELOW

DOSE EQ. IRRA. 1RRA, DELIVERED DOSE EQUIVALENT
DOSIMETER DATE RATE TIME DIST. SCATTER 5 HALLOW DEER
NUMRER IRRADIATED (MREM / MIN) (MIN) (CM) C.F. (MREM) (MREM)

66 2-23-79 78.34 2.000 50 1.015 159. 159.

68 VOID 0- 0- 0 0.0 0.0 0 1.019 0. O.

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. 71.

200 3-22-79 76.83 2.070 50 1.015 161. 161.

197 3-22-79 19.25 2.443 100 1.060 50. 50.

201 3-22-79 76.83 2 536 50 1.015 198. 198

375 4-26-79 18.73 2.930 100 1.060 58. 58.

371 4-26-79 74.93 1.810 50 1.015 138. 138

362 4-26-79 18.73 3.739 100 1.060 74. 74



126
CATEGORY VIIIe NEUTRON PLUS GAMMA PAGE 3 OF 3

INTERVAL 1 150 - 300 MREM

PROCESSOR NAME :

PROCESSOR CODE NO. *

TYPE OF DOSIMETER : FILM

i

TOTAL DEEP DOSE EQUIVALENT4

00SIMETER DELIVERED REPORTED
NUMBER (MREM) (MREM) P=(Me-H)/M

66 234 300. 0.2621

68 VOID 124 O. -1.0000

i
71 305, 349. 0.1443

209 244 255. 0.0451
,

204 236 344. 0.4576

197 172 225. 0.3081

201 290 385. 0.3276'

375 201 210. 0 044a

371 202 284. 0.4059

362 254, 263. 0.0354

P AVERAGE = 0.2279

S= 0.1639

H AVERAGE = 237.6
<

ABS (P AVERAGE) + 25 = 0.5556

L= 0.9732

eeeeeeeeee. PASS eeeeeeeee.
,

.

4
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127CATEGORY VIII, G MMA COMPONENT PAGE 1 0F 3
0F NEUTRON PLUS GAuMA

INTERVA_ 2. 301 - 5.000 MREM
PROCESSOR NAME :

PROCESSOR CODE NO. :

TYPE OF DOSIMETER
SOURCE : CORALT-60 IRRADIATOR

~ : FILM

IppADIATION DISTANCE : 100 CM

NOTE : DELIVERF.D DOSE EQUIVALENT INCLUDES A GAMMA-ray
CONTOIBUTION FHow THE CF-262 SOURCE EQUAL TO
7.033 PERCENT OF 1HE NEUTRON DOSE EQUIVALENT

DELIVERED DOSE EQUIVALENT
IARA. IRHA. SHALLOW OEEPDOSIuETER DATE RATE TIME EXPOSURE Cx=1.01 Cx=1.01

NitMBER IRRADIATED (MR/ MIN) (MIN) (MR) (MkEM) (MNEM)

67 2- 8-79 89.31 15.092 1347.64 1589. 1569

73 2- 8-79 89.31 2 512 224.32 266. 266.

69 2- 8-79 89.31 27.550 2460.49 2554 2554,;

200 3-12-79 88.28 7 138 630.17 654 656,

202 3-12-79 88.28 12 955 1143.67 1360. 1360.
206 3-12-79 88.28 1 102 97.26 116 114

'

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- e-79 87.40 13.173 1151.35 1213. 1213.
367 4- 9-79 87.40 2 707 236.56 284. 284

J

}

---
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CATEGORY VIII, NEUTRON COMPONENT PAGE 2 0F 3

0F NEUTRON PLUS GAuuA

INTERVAL 2, 301 - 5,000 MREM
PROCESSOR NAME :

PROCESSOR CODE NO. :

TYPE OF DOSIMETER
SOURCE : CALIFORNIUu-252

~
: FILM

IRRADIATION DISTANCE : SnowN BELO.

NOTE : DELIVERED DOSE EQUIVALENT INCLUDES THE
ROOM RETURN (SLATTER) C00RECTION FACTOR
SHOWN BELOW

DOSE EO. IRRA. IRRA. DLLivERED DOSE EQUIVALEN1
D0%IuETER DATE RATE TIME DIST. SCcTTER SHALLOW DEEP

NtiMRED IRRADIATED (MREM / MIN) (MIN) (CM) C.F. (MREM) (MREM)

67 2-24-79 To.28 41.380 50 1.015 3288. 3288.

73 2-24-79 78.28 7.150 50 1.015 568. 568.

69 2-24-79 78.28 12.550 50 1.015 997. 997.

200 3-27-79 76.56 3.320 50 1.015 256. 258.

202 3-27-79 76.56 37.980 50 1.015 2951. 2951.

206 3-27-79 76.56 2.910 50 1.015 226. 226.

210 3-27-79 76.56 36.150 50 1.015 2809. 2809

364 4-19-79 75.36 1 601 50 1.015 122. 122.

372 4-19-79 75.36 9.485 50 1.015 726. 726. ;

367 4-19-79 75.36 8.485 50 1.015 649. 669

4



.-

CATEGORY VIII, NEUTRON PLUS GAMMA PAGE 3 0F 3

INTERVAL 2, 301 - 5.000 MREM

PROCESSOR NAME :

PHOCESSOR CODE NO. :

TYPE OF DOSIMETER : FILM

TOTAL DEEP DOSE EQUIVALENT
00SIMETER DELIVERED REPORTED
NUMBER (MREM) (MREM) P=(He-H)/H

67 4877 3186. -0.3467

73 834 970 0.1631

69 3551, 4210. 0 1856

200 912 990. 0.0855

202 4311 4465. 0.0357

206 340, 475. 0.3971

210 4103, 4460. 0.0870

364 431, 469. 0.0882

372 1939 2180. 0.1243

367 933 1035. 0.1093

|

,

P AVERAGE = 0.0929

5= 0.1838

H AVERAGE = 2223.1

ABS (P AVERAGE) + 25 = 0.4604

L= 0.5000

*********** PASS **********

i .
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********** _ SUMMARY OF RESULTS **********

PROCESSOR NAME :

PROCESSOR CODE NO. :

TYPE OF DOSIMETER : FILM

!

CATEGORY I, GAMMA : FAIL

CATEGORY II, HIGH-ENERGY X RAY ! FAIL
CATEGORY III, Low-ENERGY X RAY ! FAIL
CATEGORY IV, BETA i FAIL

CATEGORY V. NEUTRON ! FAIL
CATEGORY VI, GAMMA PLUS HIGH-ENERGY X RAY ! PASS

.,

CATEGORY VII. GAMMA PLUS BETA ! FAIL

CATEGORY VIII, G4MMA PLUS NEUTRON j PASS

I

1

|

!
- -_ _ _ . -
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Appendix D

Proposed Standard: Draf t American National
Standard Criteria for Testing Personnel Dosimetry
Performance, July, 1978.

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

i I

Publication of this draft standard for trial use and comment has been ap-,

| proved by the llealth Physics Society Standards Committee. The trial use
period shall not continue beyond 12 months from the date of publication.
It is expectea that following this 12-month period, the draft, revised as,

; necessary, will be submitted to the American National Standards Institute
'

for approval as an American National Standard. Suggestions for revision
should be directed to Edward J. Vallario, Chairman,llealth Physics Society

! Standards Committee, U.S. Department of Energy, Division of Operational

! and EnvironmentalSafety,MailStation E201, Washington, D.C. 20545.
!

'.
j

4

U
.

y Secretariat: Health Physics Society
z

<

Published July 1978
1

american national standards institute, inc
1430 broadway, new york, new york 10018 |

| / 1
.
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gggg An American National Standard implies a consensus of those substantially concerned with its
scope and provisions. An American National Standard is intended as a guide to aid the manu-

National facturer, the consumer, and the general public.The existence of an American National Stan.

ggg dard does not in any respect preclude anyone,whether he has approved the standard or not,
from manufacturing, marketing, purchasing, or using products, processes, or procedures not
conforming to the standard. American National Standards are subject to periodic review and
users are cautioned to obtain the latest editions.

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

!

Published by

|

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

|

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

No part of this publication may be reproduced in any torm,
in an electronic retrieval system or otherwise,without
the prior written permission or the puble'ist.

Printed in the United States of Arr...rica
|
IPIM778/42 s
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Foreword ' """ "ra "a a"i = ra" "r """ ^">"ic >a u""'i s o na = c"""' i a"ad"'"a nc' """">c ">
Perf onnance N I 3.11.)

Ihis Draft Amenean National Standard provides a procedure for testing the performance of the
suppliers of dosimetry services for personnel potentially exposed to ionizing radiation. The
initial thrust for work on this draft standard came from the Conference of Radiation Control
Program Duectors, which.in 1973, constituted a task force with state and federal participa-
tion, for the purpose ofimplementing the Conference's recommendation to establish a con-
tinuing testing program of personnel dosimetry performar,ce throughout the United States,
under the supervision of an impartial federal agency, such as the National bureau of Stan-
dards. Subsequently, after studying the feasibihty of using existing testing standards as the
basis for this proposed testing service, *he task force decided that a new standard was required
and approached the llealth Physics Society Standards Comnutice, which,in August 1976, av
signed the task of writing such a document to a work group constituted for tiiis purpose. 'Ihe
present dratt standard, formerly known as N716. was developed in cooperation with suth
groups as users, commercial and in-house supphers of personnel-dosimetry scrvices, and regu-
latory agencies. I:urthennore, comments received as a result of a public meeting of allinterested
parties were taken into account.

The testing criteria specified in this dr ft standard are based in part on acceptable limits of in-
accuracy recommended by the National Council on Radution Protection and 51easurements
and the International Commission on Radiation Units and Nicasurements, and in part on the
resuhs of a baseline study canied out in 1974 by llattelle-Northwest. Ihis baseline study was
designed to estabhsh the accuracy limitations imposed by the current state of the art of person-
nel dosunet ry.

Ihis draft standard is pubbshed tor the limited penod of one year, for the purpose of encourag-
ing inal use and comments. Conunents should be sent to-.

I dward J. Vallario, Cluirman
llealth Physics Society Standards Committee
U.S. liepartment of Energy
I): vision of Operational and Ensironmental Safety
'lail Station 1:201
Washington. D.C. 2054 5

lbis dratt st;.ndard was prepared under the direction of the lleahh Physics Society Standards
|Conunittee, which had the following members.

I Jward J. Vallano, Chairnun Jowph G. Hellun ;

Vernon T. nuhon |

1 ric l., Geiger |
Rhlurd V. GritTith |
Roy A. Parker j
i ouie %1. Scott j

leilin i . No!TlinCI5
A. N. I whaet he

|
1

l
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The Working Group responsible for the development of this draft standard had the following
members

Margarete I brlich, Chairman vernon I. Chil4on
(National Ilureau of Standards) il lorida Puaer and Light Company)

l rie T. Clarke
( Technical Operations. Ine)

Roger H. l'alk
(Rockwell Atomics Internationali

l ric L. Geiger
i Lberline instrument Corporation)

Lowell Nichols
tilattelle-Northwest I aboratorieu

llarvey V. Piltingsrud
(Itureau of Radiological llealth. I DA)

Phillip Plato
t||nnersity of Mhhigan School of Put he !!calth)

liernard %ciss
t Nuslear Merulatory Commmion)

1he Committee is grateful to the 1.iterary Executor of the late Sir Ronald A. Fisher. F.R.S., to
Dr Frank Yates. F.R.S.. and to longman Group 1.td, l.ondon. for permission to reprint Table ill
from their book Statistical Tables for Hiological. <1griculturaland 31cdical Research (bth ed. I 974).

C@ntents "c""N "c'

l. Purpose and Scope 4
1.1 Pu rpose . 4
1.2 Scope. 4

2. Definitions. 4
2.1 Absorbed Dose (/>) . 4
2.2 Dose I:quivalent (//). 4

2.3 Absorbed Dose index (/)f) or Dose Equivalent Index (// ) at a Point . 4f
2.4 Protection Dosimetry. 4
2.5 Accident Dosimetry. 4,

1 2.6 Dosimeter . 4
2.7 Processor . 5
2.S Test 5
2.9 Testing 1.aboratory 5
2.10 Radiation Category 5
2.11 Interval of Dose 1:quivalent (or Absorbed Dose)Index . 5
2.12 Performance h'dex (P,) 5
213 liias (H). 5
2.14 Standard Devution (S). 5
2.15 Consistency of Performance

5

3. Iest Procedure .
5
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3.2 Radiation Categories and Test Ranges . 5

3.3 Radiation Sources . 6
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Draft American National Standard
Criteria for Testing
Personnel Dosimetry Performance

1, Ptarpose and Scope of absorbed dose is the rad, equal to 10 milhjoules per
kilogram (100 crgs per gram). I rad = 0.01 Gray. As

1.1 Purpow. Ihe purpose of this standard is to provide used in this standard," absorbed dose" stands for the
a procedure for testing routine personnel dosimetry absorbed dose in the material of.nterev. that is,in
perfonnance under controlled conditions of dosimeter sof t tissue or in a phantom approximating sof t tiuue
irradiation with photons, electrons (beta particles), fast in composition.
neutrons, and mixtures thereof, origmating from et
ternal sources. 2.2 Dose Equivalent (II). Ihc product of D. U. and N,

at the point ofinterest in tinue, where D is the ab.
1.2 Scope. Specifications are given for: sorbed dose,()is the quality factor, and N is the prod-

(l) Mininunn number of dosimeters required for uct of any other modifyng factors. 't he special umt of
testing, and test schedule

dose equivalent is the rem. When D is es pressed in rads.
(2) RJdiation categories and ranges ofirradiation D is in rems.

levels

(3) Types of radiation sources and uradiation geom- 23 Absorbed Dose Indes (D ) or Ihwe Equivalentf
Indes (D )at a Point. Maximum absorbed dose or doseegy f

(4) Perfornunte critena to be apphed to the test equhalent wohin a 30-cm Wanwta sphere centered at
results this point and consisting of material equival, nt to soft

Ihe chmce of ranges ofirradiation levels and the hwue wah a density of I gram cm 3

choice of the perfornunce critena are based on Con- NO H ; jn the t.nc of udunon of low penetrann power. n is
siderations of radution protection, as expressed m cur. re(ommended to dnide the sphere mto tuo sheils (from the

"I"# ' " ' d # P "' "I " ' "" I ' "' " " d """' "' " 7 ' "' '" ' ' ""rent NCRP, ICRP. and ICRU publications [l-4],' and ar.d a (ore ifrom a depth of I cm to the c ,"tch, and to deter-
modified where nece%Jry to acCommodJte the limita- nune the so caHed *restricter mdes quanntio, caHed the
lions of ptacticalinstrumentation. Covered are tests of 'haHow" and the " deep" absorbed dme or dose c(pmalent,

Isersonnel dosimetry ITerformance with any t)Ile of '" # " " " ~ "

ternn restiirted absorbed dme mdes and 'restocted dmedmimeter whose reading is used to prmide a personal equnalent indes" wiH not be employe t m thn stan tard.
inadution record of an mdividual. It does not cover

. 2.4 Protect.mn Dm.unetry. Routine estimation of thetests of dosimetry performance in the intermedule and
thernul neutron ranges. No consideration is given to maximum dme equivalent near the surf. ace bhallow

administraIne aspects of perfonnance, such as adequacy dose equivalent index) and beyond a depth of. I cm

of. dmimeter identih, cation, and promptnew or format ' m the human body or phantom (deep dme equivalent
.

.

of t eports. (S.ee Appendix A.) mdex). for the purpose of ascertaining the ef fectiveness.

of radiation protection measures in a F ven radutioni

facility. For the purpmc of this standard, the shallow
and deep dose equivalent indices will be considered

2. Definitions equ to e ow equ a nts - e hunun bo@ or
phantom at depths of 0.007 cm and 1.0 cm. respective- ep F

V
NOll': In tha standard. the definitions F ven in 2.1 through ly* (See also Section Cl of Appendix C.)i
2.15 shall apply.

2.5 Accident Dmimetry. Determination of single high
dmes, oaunmg as a consequence of uncon-2.1 Absorbed Ihne (D). T he energy absorbed per unit a o

uolled conditions.mass at a specifie place in a material. Ihe special umt

2.6 lhnimeter. A radiatmn sensitive element (or ele-
Ibbied numbers refer to correspondmg listings ynen in ments)in a holder the holder being considered a part
Section 5. Referenses to the l~ cst. of the dosimeter.

4

- .
_ _ _ _ _ - _ _ _ _ _ _ .
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2.7 Processor. Supplier of personnel dosimetry ser- 2.13 Bias (B).The bias of the values of the performance'

vices. These services include: index, P, is |
j (1) Fumishing dosimeters to the user
'

(2) Evaluating the reading of the dosimeters after # s P s (1/n) $ P,
their return in terms of the dose equivalent index '*8

,

; (sha!!ow or deep,or both) as prescribed in this stan* wl..re the sum is extended over all n values of P, for a I
dard particular test in a given radiation category, interval of |(3) Recording the results ;c equivalent indices, and phantom depth.

(4) Reporting them to the user
2.14 Standard Deviation (S).The standard deviation

2.M Test. Procedure with the following sequence: of the values of the performance index. P,,is:
(1) Submission of dosimeters of a processor's cur-

rent stock to a testing laboratory,in numbers sufficient }'y (p, _ py2~ h

for the specified irradiations in all radiation categories Sa
covered by a processor's service -

"-I -

(2) Irradiation of the dosimeters by personnel of the where the sum is extended over all n values of P, for a
4 testing laboratory in all radiation categories covered by particular test in a given radiation category interval of

a proecssor's service, using the type (s) of radiation - dose equivalent indices, and phantom depth.
specified for each of these radiation categories (see 3.2)

2.15 Consistency of Performance. Unifonnity of work
(3) Evaluation by the processor of the response of

qu lity of a processor over extended periods of time.j the returned dosimeters in terms of dose equivalent
(See Iso Section D3 of Appendix D.)

! index for tests of protection monitoring,or in terms of
absorbed dose index for tests of accident monitoring,

,

i as specified in 4.2.1
I (4) Submission of these evaluations to the testing 3. Test Procedure
; laboratory

(5) Analysis of the submitted evaluations by the 3.1 Administrative Procedure
j testing laboratory 3.1.1 Infonnation to Be Supplied to the Testing
1 (6) Reporting the results of this analysis (also re- Laboratory. The processor shall certify that the dosi-

ferred to as " test results") to the processor meters submitted for each test are representative of

2.9 Testing l2boratory. A group independent of the those supplied routinely to his users.

processor's operation that is carrying out the pro. 3.1.2 Number of Test Dosimeters. For every test,

cedures outlined in this standard. the number of dosimeters to be irradiated in a given
'

. radiation category shall be 10 for each of the applicable

| 2,10 Radiation Category. Each type and energy range ntervals specified in 4.1.2, or a total of 30 per test and
of radiation (or of a radiation mixture) for which sep- category. At least one additional dosimeter that is not
arate tests are perfonned. to be irradiated (a shipping control) shall be included 1

2.11 Interval of Dose Equivalent (or Absorbed Dose) with each dosimeter shipment.

Index. Range of dose equivalent (o absorbed dose) 3.1.3 Test Schedule. Each test shall extend over a

. indices in a given category and for a given type of radi. period ranging from three to six months. The test dosi.

! ation, for which performance criteria are applied sep- meters shall be submitted in at least three separate

arately. groups per radiation category. Each group shall be re.
,

".th fmm receipt,'"*# ' E"#"** * " " "
2.12 Performance Index (P,). For tests of protection

and within two weeks after the start ofirradiations of
daimetry, the performance . dex for the ith dosimeter dosimeters in the group. (See also Section D3 of Ap-

in

is dtlined ss - pendix D.)

P, 5 Kl/ ')f - (1/ )d /(1/ ), 3.1.4 Dissemination of Test Results. All test results
f f i

on dosimeters supplied by a given processor shall be re-
where (1!,), is the dose equivalent index, assigned by

Ported to that processor at the completion of each test.
the testint aboratory to the irradiated dosimeter, andl An estimate for the uncertainty of the assigned values
(1/ ,), the corresponding dose equivalent index re-f of the dose equivalent (or absorbed dose)index shall

. ported by the processor,! be included in the report.
For tests of accident dosimetry the same definition'

applies, with the absorbed dose index, D , replacing the 3.2 Radiation Categt. ries and Test Ranges. The radia-
f

dose equivalent index,Il . tion categories in which ests shall be performed and
f

1 5

:

I
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Table i
Radiation Categories, Test Ranges,and Tolerance Lesels

Test Range Tolerance Level, l. (Note 1)

Protection A ccident
Radiation (rem) (rad) S hallow Deep

i photons. 300 kev < E < 3 MeV 0 03 to 10 10 to 800 no test protection:
(Note 2) 0.3 or 6/(// )*'

..

f
accident: 0.3

II Photons 30 kev < E < 300 kev 0 03 to 10 10 to 800 protection: .
g protection: _

(Notes 2 and 3) 0.5 or 11/(// i" o.5 or 15/tuf)g'f*
accident: no test accident. 0.3

Ill Photons.15 kev < E < 30 kev 0.15 to 10 no test 0 5 or 15/(# f' O.5 or 15/(U )*'f f(Notes 2 and 4) (Note 5)
IV heta particles 0.15 to 10 no test 0.5 or 15/(7/ l%f

r,o test

V I ast neutrons 0.10 to 5 no test no test 0.5 or 15/(hjf'
VI Photon mixtures 0.05 to 10 no test 0.5 or 15/(h )% 0.5 or 15/(h )%f f(any combination of categories

I and II)(Note 5)
Vil Matures, photons, and beta 0.20 to 10 no test 0.5 or 15/(h )% 0.5 or 15/(h )"2f fparticles

(combination of category I
or it, and category IV)

(Note 5)

Vlli M atures, photons, ar- . st 0.15 to 5 no test no test 0.5 or 15/d/ )%fneutrons

(combinations of categories I
and V)(Note 6)

_ _ _ _

NO11 S:

(1) See also 41.1. 4.2.1, and Appendix C. When two limits are given, the larger one applies. O is in mrem in the protection range.f
(2) See Section Al of Appendix A for explanation of the symbol, E
(3) I'or narrow brernsstrahlung spectra. NHS calibration techniques specifying heavily filtered X rays are applicable. l'or broad

bremsstrahlung spectra, NHS cabbration techniques specifying lightly or moderately filtered X rays generated at > 60 kVcp are ap-
plicable. |5 j

(4)I'or bremsstrahlung spectra. NBS cabbration techniques specifying X rays generated at < 30 kVqi are applicable. (Si
(5) Control on range based on shallow dose equivalent index.
(6) Control in range based on deep dose equivalent index.

the test ranges are given in Table I and are further exception of those irradiated for tests of accident dosi-
discussed in Appendix A. Each processor shall be tested metry. In categories II and Ill, at least two different
in the radiation categories covered by his service. If radiation spectra shall be used per test and category,
tests in the mixed radiation categories, VI, Vll, or but not more than one per interval.
Vill, are performed, tests shall be performed also in
the categories of the individual types of radiation 3.3 Radiation Sources
components. For photon irradiations, the radiation 3.3.1 The following radiation sources shall be avail,
category and the radiation energy within the category able in the testing laboratory:
in which test irradiations are administered shall not be (1) At least one gamma-ray source (60Co or 837 Cs).
divulged to the processor for a test of protection dosi. The source may be used either in a beam type irradia.
metry until after the test has been w:apleted. The for equipped with a collimator or free in air.
photon sources and energies used for tests of accident (2) At least one X. ray machine operable in the range
dosimetry shall be identified for the processor at the between about 20 and 300 kV constant potential.
time the irradiated dosimeters are returned to him for Among the accessories shall be beam filters of composi.
evaluation. The individual dosimeters receiving radia. tions and thicknesses appropriate to produce contin.
tion from a particular source (or sources)in a particu. uous X. ray spectra using the techniques specified by
lar radiation category shall not be identified, with the the National 11ureau of Standards [5]. An attachment

6
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; for the production of K-fluorescence X rays may be of Table 2

advantage. Conversion Factors for Computing the1

j (3) A sealed '0Sr/90Y beta-particle source equipped Dose Equivalent Index from Exposure
2with a 100-mg/cm filter oflow atomic number.

ex,;,, rem R *-'
; (4) A s 2Cf fast neutron source approximating an

, '"
2

) isolated point fission source. Deep Shallow cx h, rem R'8p
j 3.3.2 The calibration of all radiation sources and

0.015 0.16 0.79 0.88
i dosimetry instruments shall be carried out either at the

02 .87
! National flureau of Standards or with instruments or (g
| sources calibrated at the National Bureau of Standards 0.08 1.18 1.25 0.88 '

for use in the calibration of other instrument, or 0.05 1.28 1.32 0.90
i

i sources. Calibration of all neutron sources shall be car. [fg |$ |$ $
; ried out at the National Bureau of Standards, and the 0.20 1.27 1.27 0.97

recalibration schedule shall be based upon recom. 0.30 1.18 1.18 0.97

mendations by the National Bureau of Standards. Sug. $ j$| i[9 $' '

gested procedures for the use of calibrated instruments 0.60 1.07 1.07 0.97
;

and sources for determining test irradiation levels are 0 67 1.05 1.05 0.97
i

0.80 1.03 1.03 0.97
q given in Appendix B. I.0 1.01 1.01 0.97
I 1.5 1.01 1.01 0.97

3.4 Irradiation Conditions.The test dosimeters shall 2.0 1.01 1.01 0.98
3.0 1 01 1.01 0.98

he irradiated under ambient laboratory conditions on a
phantom at perpendicular radiation incidence. The

'

total scatter contribution from the walls, ceiling, and
floor of the irradiation room shall amount to not more personnel dosimeters are irradiated with phantom

4

; than 5% of the assigned dose equivalent index. See Sec. backing'
'

tion C 3 of Appendix C for recommendations on phan-
tom construction and on minimal interference between y,,c7 y,~ Ph p
simultaneously irradiated dosimeters.

hen the photon spectra can be adequately charac-
3.5 Selection of Irradiation levels. In each interval terized by average energy (see Section Al of Appendix4

of each category, the irradiation levels shall be chosen
A), or are sufficiently well known, the values forex,3

at random. In categories involving irradiations simulat. and cy shall be taken from Table 2.When theging those in mixed radiation fields, the total assigned spectral clwacterization is m terms of half.value layers,
dose equivalent index and the component ratios shall conversi n methods described elsewhere may be used [6) .
be selected at random. In categories VII and Vill, the

For average photon energies above 0.05 MeV, Xpha

assigned dose equivalent index of the larger component shall be determined only at a depth of I cm, while for
shall not be greater than three times that of the smaller I wer average photon energies it shall be determined
component.(See also Section M of Appendix A.) both at depths of 0.007 cm and I cm in the phantom.

3.6.2 For beta particles from a source calibrated in
3.6 Assignment of Dose Equivalent Index Values.The

terms of absorbed dose in phantom, values for the
testing laboratory shall assign to each dosimeter values

shaHow dose equivalent index shall be assigned as
for the shallow or deep dose equivalent index (U ), orf

for both. The uncertainty in thne values shall not ex-
"#_ #

; ceed 5%
3.6.1 For photons, values for the shallow and the where f s the absorbed dose m. the phantom at a

deep dose equivalent index shall be assigned in the fol- depth of 0.007 cm.4,

3.6.3 For fast neutrons from a source calibrated
(1)% e the photon source is calibrated in terms of in terms of fluence, c, free in air, values for the deep

exposure free in air (X,i,) and the personnel dosimeters
dose equivalent index shall be assigned as

are irradiated with phantom backing:

Hg=cx,yX,;, Hg = c he

} (2) When the photon source is calibrated in terms of where the dose equivalent per unit fluence, c,, shall

exposure in the presence of a phantom (Xph), and the be taken as 3.4 X 10-8 rem cm2 for 252Cf [7) .
,

7

i
,

s -, - - . , . , ,. .,..-,.-.-_.-.-,--v,., , , .-,an-- ,n=----e.,-~.,.,- .- n.-,,w ,
-
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3.7 Comistency of Performance.The testing labora- 4.2 Perfonnance Esaluation. A processor's performance
tory shall provide in each report to the processor in- shall be evaluated by detennining conformance with in-
formation on the consistency of his performance. (See equality (4.1)(see Table 1):
Section D3 of Appendix D.) (1) In categories II til, VI, and Vil for estimates of

3.8 Study of Angular Dependence of Response. I,or the shallow and the deep dose equivalent index
g yyggy7 ,97 g ,g,;9,each dosimeter design submitted for test by a proces-

dose equivalent index
sor,a study of the angular dependence of the response
m the presence of a phantom shall be carried out by (3) In categories I, V, and Vill only for estimates of

the testing laboratory with each type of radiation in 'I "* #9" "'#"I " *

the categories for which dosimeter perfonnance is
tested. Procedures for such a study are suggested in
Section D6 of Appendix D. 5. References to the Text

[I| liasic Radiation Protection Criteria. Washington,
D.C.: National Council on Radiation Protection and

'' 3" '' "'# " '' ; U "'P"' "'4. Characteriting the Perfortnance
[2] General Principles of Monitoring for Radiation

4.1 Perfonnance Criterion. Perfonnance in a given Protection of Workers. International Commission on
category shall be considered adequate if,in ah applic. Radiological Protection. Limsford, N.Y.: Pergamon
able intervals and for the applicable phantom depths. Press;1969;Public tion 12.

(Bl + 2S < l. (4.1) [3] Radiation Protection Instrume..iation and its

waere B and S designate, respectively, the bias and Application. Washington. D.C.: International Com-
g g g g 9., , ,standard deviation of the performance mdex, and I. is g 3'the tolerance level. (See also Section DI of Appen-

dis D.) [ neeptual Hans fm the Deanninatm.no h

." "' ' "E'""'" I " '"" * * " ' """94.1.1 The value ofI. in the inequality (4.1) shah be
" " " " " " ' ' " '*#"*"(1) 0.3 or 6/(d )%, whichever is larger, for tests off
port 25.protection dosimetry in radiation category I

(2) 0.5 or 15/(// )%, whichever is larger, for all [5] Cahbration and Test Services of the National Hu.f
other tests of protection dosimetry reau of Standards. Washington, D.C.: National Hureau

(3) 0.3 for all tests of accident dosimetry of Standards;luT7 April;Special Publication 250;Sec-
where // is the average value of the dose equivalent tion H.3, Appendix.f
index in mrem chosen in the applicable interval (l).
(2), or (3) of 4.1.2 for a particular test in a siven rad- [ 6 ] 17or a discussion of suitable measurement tech-

.

iation category. (See also 3.5.) *9"9'##* ***'*P ' '''"'#"*"' ^ *#
**' "'" * I'' U" "E U#'*4.1.2 The values for S and /1 shall be obtained from

* '"""' Y'' ""E'""'" I " '"" " " ' ' " " 'values of the performance index in the following in.
. mission on Radiatioa Umts and Measurements;1973;

*' "' '(1) // < 100 mrem (where applicable)f

(2) 100 mrem < // < 300 mrem [7j Stoddard. D. II.;llootman,11. L. 2 5 2Cf Shieldingf

(3)// > 300 mrem Guide. Oak Ridge Tenn.: Technical Irifonnation Divi.f
(4) 10 rad < Dj < 800 rad sion; 1971; T f D-450 DP-1245, UC-41.
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Appendix A
1

Radiatica Categories and Test Irradiations>

A1. Types of Radiation included in Table I pies of personnel dosimetry for radiation protection2

recommended by the NCRP [ A2|, and technicallimi-

Listed in this table are the categories of radeb. ...r tations imposed by currently eniployed personnel

likely ta contribute significantly to the dose equivalent dosimetry systems. The NCRP recommends personnel

: received by radiation workers in the United States, dosimetry when the annual maximum dose equivalent

|
with the omission ofintermediate energy neutrons, for is likely to exceed one. fourth of the recommended an-

which calibration bea'ms are not generally available. nuallimit. One-fourth of the annuallimit is not ex-
Also omitted from the table is a category for thermal ceeded when all individual dosimeter readings for bi-

neutrons, since thermal neutrons contribute a relative- weekly or longer monitoring periods are below the
I ly small portion to the total Jose equivalent received lower limits of the test ranges specified in Table 1.

|
by radiation workers in most situations involving One-fourth of the annuallimit could be exceeded for
potential thermal neutron irradiation [ Al] .2 weekly monitoring periods;however, weekly monitor-'

{ in Table I, symbol f stands for the weghud average ing periods are not used normally except when high *

*

energy of the photons emitted from the source used dose equivalents or excessive fading of dosimeter re-

, for the test inadiations: sponse are expected. Tests of accident monitoring are

on . Emn presently specified only for photons in the energyi c

. IN c(E)EJE NE)dE range from 30 kev to 3 MeV. Tests of dosimetry as-
! sociated with criticality accidents ( A3| are not in-

, o
; cluded in this standard.

where NE)is the fluence of the photons with energies Consideration was given as to whether it was de--

between E and E + dE. For the purpose of specifying s table to extend the test ranges to lower dose equiva-
*

the radiation category for a particular photon beam lent index levels,in view of the NCRP recommenda-
,

j of narrow spectral width,Eis an adequate approxima- tion to limit the dose equivalent from occupational
tion to the " effective energy" of the beam. Effective , exposure to the embryo fetus of the expectant mother

,

)
. - energy may be defined as the energy of a monoenergetic to 0.5 rem during the entire gestation period [A4).i

photon beam associated with the total (good geometry) A dose equivalent index of 30 mrem,which is the
attenuation coefficient obtained from the attenuation lower test limit for penetrating photons in Table I
curve of the photon beam in question in a suitable (categories I and II),is adequate for measuring a pro- i

'

absorber (for example. Al or Cu), extrapolated to zero spective value of 0.5 rem with quarterly or longer |

absorber thickness. Neither the concept of weighted monitoring periods, but not with shorter monitoringr

average energy nor the concept of effective energy periods. Nevertheless,it was decided not to lower the'

| provides a good description of beam quality for wide, test limits because the limitations in the present state

|
multipeaked bremsstrahlung spectra.Therefore,in of personnel monitoring technique would result in an

j Table 1, the applicable NBS techniques, specified in unacceptably large error at dose equivalent index |
terms of first and second half-value layers, are listed in levels below 30 mrem.
footnotes to categories 11 and 111.

,

| A2. Test Ranges A3. Random Selection of Irradiation Levels
and Coinposition of 31ixtures,

i The test ranges specified in Table I represent a com-
promise between considerations based on the princi- A number of different methods may be used for selec-

ting random irradiation levels with equal probability
within any one of the test intervals given in 4.1.2.'Brac keted numbers refer to corresponding listings given in

Section A6, References to Appendts A. One suitable method would be to select random num-

; 9
,

t
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bers,p, hetween 0 and I frcm a random number table AS. Illind Testing
| A5|, and represent the dose equivalent index,Il , as

f

1/ = (Il )s + p|(1/ ) ~ (1/ )el Blind testing is recogni/ed as a valuable sec. 'ique f or
f i i f

determining the capability of a dosimetry sert : in a
where (// )v and (1/ ), are the lower and upper limits, realistic manner. Ilowever, there are some inherentf f

respectively,of the test intervalin question. If this lfliculties in providing test dosimeters without the
method is cho en,it is recommended that,in the inter- knowledge of the proccuor, particularly in the case of
call /j > 300 mrem, the formula be applied separately in-house dosinsetry operations. It is suggested that,
to select fise values ofI!r above 1000 mrem and, m or- where feasible, some bhnd testing be conducted, and a
der to ensure adequate coverage of this important region, final decision on whether er not to make blind testing
live between 300,.nd 1000 mrem. an integral part of the compulsory testing program ba

RestricM.ig the ratio of the dose equivalent indices deferred until sufficient results from blind tests have
of the two radiation components in category Vill to been accumuted to determine if there exist significant
vdues not larger than 3:1 is motivated mainly by con- differences between the performance on open and
siderations of technicallimitations. This restriction is blind tests.
reasonable in the light of the recommendation of the
International Commission on Radiological Protection
(ICRP) to use personnel dosimetry for neutrons "only A6. References to Appendix A
if the likely neutron dose equivalent is a substantial
portion of the gamma dose equivalent,say more than [ A1] See, for example, llecker, K. Preliminary Results
about a third" [ A6]. For the sake of simplicity, the of the 1975 International Personnel Monitoring Survey.
same ratio was adopted for category Vll. U.S. Department of Commerce, National Technical

Information Service; 1975; ORNI.-TM Sl02.

[ A2] See, for example, Basic Radiation Protection Cri-
A4. Irradiation Geometry teria. Washington, D.C.: National Council on Radiation

Protection and Measurements; 1971; Report No. 39;
Consideration was given to whether test irradiations paragraph 219.
should be carried out in the presence or absence of a
phantom. If test arradiations were performed with the | A3] American National Standard Dosimetry for Criti-

cality Acc dents. ANSI N13.31969. Available fromdosimeters suspended free m air while,in actual use'
they are carried on the human body, a correction American National Standards Institute,1430 Broad-

way, New York, N.Y.10018would have to be applied to the value (or values) of the
dose equivalent index (or absorbed dose index) assigned [A4] Ilasic Radiation Protection Criteria. Washington,
to each dosimeter, equal to the quotient of dosimeter D.C.: NationalCouncilon Radiation Protection and
response with and without phantom backing. This Measurements; 1971; Report No. 39; paragraph 240.
quantity would have to be measured by the testing
laboratory for each type of dosimeter submitted and I * " P"'" "

. .P''

for each type and energy of the test radiation used. Glencoe, Ill.: qwm wnh 100 000 Nomal hh
mn ainfom

Free Press Publishers; 1952.it was decided instead to require that test irradia-
tions be made with the dosimeters backed by a phan- [ A6] General Principles of Monitoring for Radiation
tom. No such restrictions are made regarding the Protection of Workers. International Commission on
presence or absence of a phantom during calibration. Radiological Protection. Elmsford, N.Y.: Pergamon
(See also Section 112 of Appendix II.) Press; 1969; Publication 12; paragraph 82.

10
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Appendix B

Use of Calibrated Radiation Sources and Instruments

Bl. Activity of Isotope Sources iaboratory standard instrument may be used. This is an
instrument having a performance and stability suf-

It was felt unnecessary to specify source activities in ficient for it to be employed in the calibration of other
the standard since they are intimately tied to the speci- instruments. it is further recommended that a field ex-
fled ranges of irradiation levels (see, for example, Table posure meter, equipped with suitable ionization cham-
1), to the on-phantom irradiation geometry (see 3.4) bers, be available. This is an instrument having a perfor-
and to the accuracy of assignment of the dose equiva. mance and stability sufficient for it to be used for
lent indices (see 3.6). Distances of not less than 1 meter routine calibration checks at the location of the test
are desirable, particularly forirradiation with 60Co pho- dosimeters to be calibrated.
tons from uncollimated sources, which produce consid-
erable electron scatter in the air at shorter irradiation dis- B2.2 Beta Particles. Beta particle beams may be cali-

tances. This electron scatter may simulate noanegligible brated directly in terms of absorbed dose in the phan-
beta particleirradiationsof the personneldosimeters. Dis. tom by means of an extrapolation ionization chamber

tu.ce;ofless than 35 cm as a rule will prove unsatisfac. equipped with close to phantom-equivalent walls of
tory for testirradiationsin any radiation category. variable thickness, or by a similarly equipped fixed-

volume " thin" ionization chamber [B2].

B2. Beam Calibration at the Location of the B2.3 Fast Neutrons. Fast neutron sources usually are

Test Dosimeters calibrated in terms of neutron emission rates, from
which neutron fluences may be deduced for use of

B2.1 Photons. Photon radiation fields both from low the sources in a low scatter 4.n geometry.

energy continuous x radiation or K fluorescence and
from radioisotope sources usually are calibrr'ed in
temis of exposure (X), a quantity relate < ' .aniza-
tion in air, measured in units of roentger (R). The B3. References to Appendix B
exposure calibrations may be carried out either free
in air or at the specified " shallow" and " deep" depths [Bl] For a discussion of suitable measurement tech-
in a phantom. Since the quantity, dose equivalent in- niques see, for example, Measurement of Absorbed
dex per unit exposure in the presence of a phantom Dose in a Phantom Irradiated by a Single Beam of X or
(CXph of Table 2), depends only littie on photon en- Gamma Rays. Washington, D.C.: International Com-
ergy while the quantity, dose equivalent index per unit mission on Radiation Units and Measurements;1973;
exposure free in air (cy,i, of Table 2), varies strongly Report No. 23.
with energy for low photon energies,it would be of
advaatage to measure exposure due to low energy [B2] For a discuss %n of suitable measurement tech-
photons in the presence of a phantom when the photon niques, see, for example, Radiation Dosimetry: Elec-
spectrum is not well known. Ilowever,in-phantom trons with initial Energies between I and 50 MeV.
measurements require specially designed ionization Washington, D.C.: International Commission on Radi-
chambers |Bil .3 For in-air measurements, a calibrated ation Units and Measurements.1972; Report No. 21.

8 Bracketed numbers refer to corresponding listings in Section
113, References to Appendix B.

1I
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Appendix C

Interpretation of the Response of Personnel Monitoring Dosimeters

Cl. Use of the Dose Equivalent Index (or (2)cy g, .
Alworhed Dose Index)

(a) Above 0.10 MeV and between 0.04 and 0.10
* '#"*E"""EI """* " '9" * " I "Recommendations have been made for the maximum

permissible levels of occupational exposure to ionizing obtamed as the product ofcy and the back scatterg
radiation for the skin and the extremities, for the lens factor |C5|'

of the eye, and for the gonads and deep-seated organs (b) IIelow 0.04 MeV, both for computing the

[Clj.* A direct detennination of dose equivalent for shallow and the deep dose equivalent index: computed

each of these organs is usually impossible [C2|,or at by the llealth Physics Division of the Oak Ridge ha-
"' '* ' 'Y "' I " " ' " ' ' ' " " " *"Ileast impractical. In this standard, the values of the

shallow or deep dose equivalent index, or both (or ab- fled MiRD phantom |C6], irradiated by a broad paral-

sorbed dose index) are used to quantify the irradiation lel beam mcident on the phantom s anterior |C7] .

of each test dosimeter. Although the depth at which (c)lietween 0.04 and 0.10 MeV, for computing

the max! mum dose equivalent (or maximum absorsed the deep dose equivalent index: estimated 'th the aid

dose)is attained varies with radiation energy, using of the Oak Ridge data and available depth dose data

depths of 0.007 cm and 1.0 cm to approximate the f r bremsstrahlung |C8], for a depth of I cm in water.
' modified index quantities isjustined for the test irradi.

ations and test conditions specified in this standard for
the following reasons: C3. Phantom t,onstruction,

(1) For beta pa;ticles from the specilled "Sr/"Y
source and for photons ofenergies below 0.05 MeV, the it is recommended that the phantom be constructed of

maximum dose equivalent is attained close to the surface a material simulating soft tissue in composition [C9|

of the body.Therefore,Ihe shallow dose equivalent index sufficiently to result in dosimeter readings deviating

is esvntially equal to the dose equivalent to the skin. fr m those in soft tissue by less than 5% for irradia-

(2) For photons of energies between 0.05 and ti ns in all categories. Slabs of this phantom material

3 MeV, and for neutrons from the specified 2s2cr of dimensions 30 cm X 30 cm by a thickness of 15 cm

source (for which less than 2% of the neutrons are be. may be used. In the case of beta particle or low energy

low 0.1 MeV and less than 2% above 7 MeV [C3]), the pimton irradiations, the slab thickness may be reduced

maximum dose equivalent for the majority of the in. to about twice the range of the most energetic electrons

cident photons or neutrons isattained in the vicinity of incident upon (or created within) the stab. If several

I.0 cm in the body. Therefore, the deep dose equivalent dosimeters are to be irradiated simultaneously,it is

index, as a rule, overestimates the dose equivalent to deep- memumended that precautions be taken to keep the

seated organs and never underestimates significantly the mutualinterference to less than 5% of the dosimeter

dose equivalent at a depth of I cm in tissue [C4] . **P"*-

C4. References to Appendix C
C2. Assignment of Values of the Dose
Equivalent Index for Photons [C1j See, for example, Review of the Current State of

Radiation Protection Philosophy. Washington, D.C.:
The factors exg, and cy,, for computing the shallow National Council on Radiation Protection and Measure-
and deep dose equivalent indices are listed in Table 2 ments;1975; Report No.43: Appendixes A and II.
as a function of photon energy. They were obtained in

; the following way: [C2] Conceptual Basis for the Determination of Dose
Equivalent. Washington, D.C.: International Commis-

(1) cXph: Absorbed dose per unit exposure deter-
mined in he presence of a phantom |C5]. sion on Radiation Units and Measurements; 1976; Re.

port No. 25.
<

[C3] Grundi, J. A.; Spiegel, V.; Eisenhauer, C. M.; and
* Bracketed numbers refer to corresponding listings in Section ethers. A Californium-252 Fission Spectrum Irradiation
C4, References to Appendix C. Facility for Neutron Reaction Rate Measurements.

12
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Nuclear Ter hnologr 3 2:315; 1977, supplemented by for Various Radionuclides. Oak Ridge, lenn.: Oak

Grundl J. A.;pr vate communicaticn. Ridge NationA Laboratory;1974;ORNL 500(L

|C4] Protection against Neutron Radiation. Washing. [C~| Poston. .I.; Warner, G. C.; unpublished dat::. See
ton, D C.: National Council on Radiation Pmtection also Jones. T. D.; Auxier, J. A.;Snyder, W. S.; Warner,

and Measurements; 1971; Report No. 38. I igs.10 G.G. Dose to Standard Reference Man from External
through 20. Sources of Monoenergetic Photons. #calth Thysics 24:

105] Data for Protection against lonizing Radiauon
f rom 1.xternal Sources: Supplement to ICRP Publica. [C8] Cohen, M.; Jones, D. E. Aa Greene. D., eds. Cen-
tion 15; international Commission on Radiological tral Axis Depth Dose Data for Use in Radiotherapy.
Protection. I lmsf ord, N.Y.: Pergamon lSen.1969, Britnh journal of Radiolog; Supplement No. I I .
Pubhcation 21;'lable and lig. 9 l.ondon: Ihitish Institute of Radiology;1972.

|C6] Snyder, W. S.; l'ord, M. R.; Warner, G. Ga Wat- |C9] Report of the Task Group on Reference Man.
son, S. It A Tabulation of Dose Equivalent per Micro- International Commi>sion on Radiological Protection.

curie. Day for Somcc and Target Organs of an Aduk Limsford. N.Y.: Pergamon Press; 1975. Report No. 23.

\

Appendix I)

Performance Criterion and Performance Evaluation
i

D1. Dependence of Periorinance Index on Dose is of necessity relatively small,it is important that

liquivalent level Iluctuations in a supplier's process be reflect in the
test data to the largest extent possible. For inis reason,

'Ihe uncertamty of dosimeter readmgs usually increases procedures are adopted for evaluating dosimeter per.

at dose Icveh close to the lower hmit of a dosimeter's formance on a protracted basis throughout each test

usclul range. Previous tests have shown |DI|' that for period. Also, to achieve an equitable distribution of

phidopraplue dosimeters, the ratio of the s'andard dose equivalent index (or absmbed dose mdex)leveh,

desiations of the performance mdex at the 30 miem it is siipulated that these levels be chosen at random

and the Jon mrem leveh may be as much as 2.5 for it. in each interval.

raihalions with Ra ganuna rays, and as much as 2.0 for A finther aid for increasing the amount ofinforma.

inathalions with fast neutrons. Similar results have tion gained on a processor's performance is to compare

been obtained for photon irradiations of thermo. present and past test iesults. This may be done by
luminescence dosimeters. 'Iheiefore,it was decided to checking for trends in the quantities of bias and stan-

divide the dose equisalent ranges for testing m each dard deviation from a series of successive tests,either

category into several intervah. and to carry out all tests by examining plots of these quantities or by comparing

separately for each imerval. them by statistical means (see Section D3 of Appendix
D) Consistency provides some degree of ensurance
that the performance test results are indicative of a

P "*"' $ ' "' I *"' k ""' P"' -
'

D2. Significance of Testing over an Estended
Testing for consistency is of necessity limited to

Period
categories I through V. Categories VI through Vill are
not readdy anienable to consistency testing because the

it n the purpose of performance testing to gain in,
difference in the evaluation process for different typesformation on the quahty of a processor's total work
of radiation makes it difficult to devise a fair test pn>

output during a given time period, inasmuch as the
cedure. T his standau' requires that consistency evalua-

sample from which this information is to be gathered
tions he performed on he data for each complete test
series in categories I thmugh V, and that a processor beIr cred numbers teier to s orres.mndmp Stings in Section

D7, Referenm ro Tppendis D. provided with the results of this evaluation. When a

13



Table DI
FValues,0.1% Probability Level *

a-It
1 2 3 4 5 6 7 9 10 12 15 20 24 30 40 60 120 ==.

N-I t

1 4053t 5000* $404 56251 5764t 5859 59291 5981* 6023 6056 6107: 6158 62091 6235 62612 62872 6313* 6340t 6366:2 998L 5 999 0 999.2 999.2 999.3 999.3 999 4 9994 999 4 9994 999 4 999 4 9994 999.5 999 5 999 5 999.5 9995 999.53 1670 14LS 141.1 137.1 134 6 1318 131.6 130.6 129 9 129.2 128 3 127 4 126 4 125.9 125.4 125.0 124 5 124.0 123.54 74.14 61.25 56.18 53.44 51.71 50 53 49 66 49.00 48.47 48.05 47.41 46.76 46.10 45.77 4543 45 09 44 75 44 40 44 05
5 47.18 37.12 33.20 31.09 29.75 28 84 28 16 2764 27.24 2 92 26.42 25 91 25.39 25.14 24 87 24 60 24.33 24.06 23.796 35.51 21.00 23.70 21.92 20.81 20.03 19 46 19 03 l&69 18 41 17 99 17.56 17.12 16.89 16 67 16 44 16.21 15 99 15.757 29 25 21.69 IIL77 17.19 16.21 15.52 15.02 1463 14.33 14 08 13 71 13.32 12.93 12.73 12.53 12 33 12.12 11.91 11.708 25 42 18.49 15.83 14 39 13.49 12.h6 12.40 1104 t 1. 77 11.54 11.19 10.84 10.48 10.30 toIi 9 92 9.73 9 53 9 339 2186 16.39 13.90 12.56 11.71 11.13 10.70 10 37 lall 9 87 9 57 9 24 8 90 8.72 8 55 8.37 8 19 8 00 7.81

10 21.04 14.91 1155 11.28 la48 9 92 9.52 9.20 R96 8 75 8 45 8.13 7 80 7 64 747 7.30 7.12 6 94 6.7611 1969 13.81 11.56 10.35 9.58 9 05 8 66 8 35 8.12 7.92 763 7.32 7.01 6 85 6 68 6 52 6.35 6.17 6 0012 1864 12.97 10.80 9.63 8.89 8.38 8.00 7.71 748 7.29 7.no 6 71 6 40 6.25 6 09 5.9 ) 5.76 5.59 5 4213 17.81 12.31 10.21 9 07 8.35 7.86 7.49 7.21 6 98 6 80 6 52 6.23 5 93 5 78 5 63 547 5.30 5.14 4 9714 17.14 11.78 9.73 862 7.92 7.43 7.08 6.80 6.58 6.40 6.13 5.85 5.56 5.41 5.25 5.10 4 94 4 77 4 60
15 16.59 11.34 9.34 8.25 7.57 7.09 6.74 647 6.26 6.08 5 81 5 54 5 25 5.10 4 95 4 80 4 64 4 47 4 3116 16.12 10.97 9 00 7.94 7.27 6 81 6.46 6.19 5 98 5. 8 I 5.55 5 27 4 99 4 85 4 70 4 54 4 39 4.23 4 0617 15 72 10.66 8.73 7.68 7.02 6.56 6.22 5.96 5.75 5 58 5 32 5 05 4.78 4 63 448 4.33 4 18 4 02 3 8518 15.38 10.39 8.49 7.46 6.81 6.35 6.02 5.76 5 56 5.39 5.13 4 87 4 59 4 45 4 30 4 15 4 00 3 84 3 6719 15.08 10.16 1 28 7.26 662 6 18 5 85 5.59 5.39 5 22 4.97 4 70 443 4.29 4 14 3 99 3 84 368 3.51 c.

y

20 14.82 9 95 8.10 7.10 6.46 6.02 5 69 5 44 5.24 5.08 4 82 4 56 4 29 4 15 4 00 3 86 3 70 3 54 3 38
"

21 14 59 9.77 7.94 6 95 6.32 5 88 5.56 5.31 5.11 4.95 4 70 4 44 4 17 4 01 3 h8 3.74 3 58 3.42 3 2622 14.38 9.61 7 80 68 6.19 5.76 5.44 5.19 4.99 4 83 4 58 4 33 4 06 192 3 78 363 348 3.32 3 1523 14.19 947 7.67 6.69 6.08 5.65 5.33 5.09 4 89 4 73 448 4 23 3.96 3 82 368 3 53 3 38 3 22 3 0524 14.03 9 34 7.55 6 59 5.98 5.55 5.23 4 99 4 80 4 64 4.39 4 14 3 87 3 74 3 59 345 3 29 3.14 2 97
25 13.88 9.22 7.45 6.49 ". 8 8 5 46 5.15 4 91 4.71 4 $6 4.31 4 06 3 79 3 66 3 52 3 37 3 22 3 ti6 2.8926 13.74 9 12 7.36 6 41 5.80 5.38 5.07 4 83 4 64 4.48 4.24 3.9) 3.72 3.59 3 44 3 30 3 15 2.99 2 8227 13.61 9.02 7.27 6.33 5.73 5.31 5 00 4 76 4.57 4.41 4 17 3.92 3.66 3.52 3.38 3 23 3.08 2.92 2.7528 13.50 8.93 7.19 6.25 5 66 5,24 4 93 4 69 4.50 4 35 4 11 3 86 3.60 3 46 3.32 3.18 3 02 2 86 2 6929 13.39 8.85 7.12 6.19 5.59 5.18 4.87 4 64 4 45 4.29 4 05 3 80 3.54 3.41 3 27 3 12 2 97 2 81 2 64
30 13.29 8.77 7.05 6.12 5.53 5.12 4 82 4 58 4 39 4 24 4 00 3.75 3.49 3 36 3.22 3.07 2 92 2 76 2 5940 1161 8 25 6.60 5.70 5.13 4.73 4.44 4 21 4 02 3 87 3 64 3 40 3.15 3.01 287 2 73 2 57 2.41 2 2360 11.97 7.76 6.17 5.31 4.76 4.37 4.09 3.87 3 69 3.54 3 31 3 0ft 2.R 3 2 69 2 55 241 2 25 2 08 1.891 20 !!.38 7.32 5.79 4.95 4.42 4.04 3.77 3 55 3.38 3.24 3 02 2.78 2.53 2.40 2.26 2 11 1 95 1.76 1.5410.83 6.91 5.42 4.62 4.10 3.74 347 3 27 3.10 1 96 1 74 2.51 2.27 113 1 99 1 84 1 66 1.45 t .00
=

*l rom Pearson, L S.: 18atley,11. O., eds. BmmetriAa Tablesfor Starirncians. Vol 1. Cambridge: Liniveruty Prew; 1956 p 163.

in: Nurnber of P aues used to obtain current value of S
X Total nu .oer of P values uwd to obtain o

* Nfultie'.s these entries by 100.
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trend or other sign oflack of consistency is noticed in levels under field conditions, when errors caused by
a proceste /s test parameters for successive tests,it is unknown irradiation geometry or ambient conditions
important that the reasons for such behavior be deter- are taken into account. In this standard, a fixed ir-
mined, since lack of consistency may foreshadow radiation geometry and laboratory ambient condi-
future failure of performance tests. tions are specified for the test irradiations. Because of

limitations in measurement technique, the tolerance
limit is set at 0.5 (50'7c) in the vicinity of maximum

D3. Statistical Procedure for Evaluating pennissible levels or above, except for accident dosi-
Consistency metry and protection dosimetry of high energy pho-

tons, where it is set at 0.3 (303). At lower levels, the
Following is an acceptable statistical procedure for check- tolerance limit is relaxed on a graded scale.
ing for inconsistency in the results of successive tests:

The test data for a given category and dose equiva-
lent interval are considered to bc consistent with

DS. Sources of Uncerta. ty Not LT luded inin
.

previous data if the test parameters,S.and B, meet
the Perfortuance Evaluat. ionthe following two conditions:

S < VHn - 1, N - 1,0.001) o (D3.1) This standard does not include provisions for testing a

where S is the standard deviation obtained from n '"EE 5 "" "## "" " "' " * E"' '""'

""' . E'" ' ' " " " E#' ' "" "N '''dosimeters for the current test, o is the standard de-
^"*"E "** " ' " " " """" "IY " *'viation obtained from N dosimeters for all past suc-
cluded are:cessive tests that were cansistent, and Fis obtained

I #" "" ' E " " "" # " * ' # * E"' ' " * *from the 0.001. level of the F distribution. Pertinent .

val of F are given in Table DI. !ncluding st r ge teurer tures before, during, and after
uradiations, up to the tims -f nrotessing or readout.

IB #| < to.oo n a V(n + N)/nN (D3.2) (2) Dependence of response on ambient humidity,
including storage humidity, before, during, and after

where B is the bias obtained from n dosimeters for the
irradiation, up to the time of processing or readoutcurrent test, # is the bias obtained f rom N dosimeters

(3) Time intervals between dosimeter issue, irradia-
for all past successive tests that were consistent, and i

t on, and processing or readoutis the value of the t-statistic for the degrees of freedom
in o,' exceeded with probability 0.001. Applicable
values ofI are shown in Table D2. Ifinequality (D3.1) Table D2
is not fulfilled, the validity ofinequality (D3.2) need Distribution of t'
not be determined.

rees of Probabihty Decrees of Probability
I reedom 0.001 I reedom 0.001 i

D4. Choice of Tolerance Level. I,
i 636.62 1x 3.92
2 31.60 lu 3.88

The values chosen for the tolerance limit represent a 3 12.92 20 3.85

compromise between the recommendations ofinter- j f 3,
national authorities in the field of radiation protec- 6 3 u6 23 3.77
tion and radiation measurements, and the limitations 7 5.41 24 3.75

8 5.04 25 3.73dictated by available measurement techniques. In 9 4.78 26 3.71
ICRU Report No. 20 [D2], a 301 limit is recom- to a 59 27 3.69
mended for the uncertainty in the maximum dose

] y 3]3,
equivalent in the vicinity of the maximum permissible 13 4.22 30 3 65
levels. while an uncertainty of as much as a factor of 14 4.14 40 3 55

three is considered acceptable for maximum dose [ j7 y 3 46
, 3 37equivalents smaller by an order of magnitude. In ICRP 17 3.97 3.29-

Repott No.12 [D3], on the other hand, a limit of 50%
is recommended in the vicinity of maximum pennissible * Table D2 is taken from Table III, p 46, of I isher and Yates:

Statistical Tables fbr Biological. Agricultural and .tfeJical Res
scarch, published by tongman Group i td, London (presi-

' Total number of observations minus the number of constants ously published by Oliver and Boyd Edinburgh), and by
(for example. averages) fitted to the data, permission of the authors and publishers.
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(4) Dependence of response on visible and ultraviolet each radiation type and energy range included in the
light prior to, during, and after irradiation, up to the categories of Table 1 of this standard for which the
time of processing or readout dosimeters are used by the particular processor.

(5) Position of the badge on the human body relative Stixed radiation categories are excluded. Angle of
to the point of maximum irradiation on the body surface. incidence is varied in two planes perpendicular to each
and relative to thelocation of the organs ofinterest other and to the plane of the dosimeter in contact

(6) Influence upon dosimeter response of the angle with the phantom. At least seven different angles of
of radiation incidence for the different types of radia- incidence from -85 to +85 degrees, and including zero
tion and different radiation energies degrees (perpendicular incidence), are used in each of

(7) A possible bias in the performance on an open the two planes. Irradiations are made with at least
test, that is, a test carried out with the knowledge of tb.ee unTerent radiation spectra in category 11, and one
the precessor, introduced by the processor's awareness .n each of the other categories. At least two dosimeters
of being tested are irradiated identically. Values for the dose equivalent

1he extent to which any one of these factors may index for each irradiation condition'are selected from
contribute to a given interpretation of dosimeter re- between 300 and 600 mrem for photons and beta
sponse varies widely, depending on dosimeter design particles, and from between 500 and 1000 mrem for fast
and processing or readout techniques. It is suggested neutrons. They are determined for perpendicular inci-
that the testinglabora;ory bein a position to evaluate dence of the radiation on the phantom by the methods
the supplied dosimeter designs for the iniluence on outlined in the standard for the depths (or depth) of
interpretation of dosimeter response of any of these interest for the particular type of radiation. Dosimeter
factors. N!ethods of carrying out some of the required response for any angle of radiation incidence and any
test procedures may be found in the literature |D4j. type and energy of the incident radiation then is given

llecause of the magnitude o the potential errors by the quotient of the dosimeter reading for these ir-r

associated with angular dependence of dosimeter re- radiation conditions and the dose equivalent index for
sponse, consideration was given to incorporating perpendicular radiation incidence.
into the standard perfonnance requirements related
to response characteristics of test dosimeters as a
function of angle of radiation incidence for different
radiation energies and types of radiation. Ilowever, an
adequate data base for the angular dependence of the D7. References to Appendix D
response of most personnel dosimeters irradiated on a
phantom was not available. Therefore,it was impos- [DI[ See, for example, Unruh, C. 51.; Larson,II. V.;
sible to select appropriate performance criteria? It Hectie. T. 51.; Keene. A. R. The Establishment and
was decided to include requirements in the standard

Ut I /ation of Film Dosimeter Performance Criteria.
for the deselopment of such a data base sa that.in future

Richland, Wash.: Battelle Alemorial Northwest Labora-
resiews and revisions of this standard, suitable perfor- tory 1967; HNWL-542. UC-48.
mance criteria can be specified. Section D6 gives an ac-
ceptable procedure for determining the dependence of [D2] Radiation Protection Instrumentation and its
dosimeter response on the angle of radiation incidence. Application. Wash gton, D.C.: International Commis-

sion on Radiation Ums. and hieasurements;1971; Re-
port No. 20; Section 1(C).

D6 Steasurement of Dependence of On. [D3] General Principles of Stonitoring for Radiation

Phantom Dosiineler Response on Angle of Protection of Workers. International Commission on
Radiation incidence Radiological Protection. Elmsford, N.Y.: Pergamon

Press; 1968; Publication 12; paragraph 101.

Irradiations are carried out with the dosimeters mounted [D4] See, for example, Personal Photographic Dosi- |on the phantom used for all other test irradiations, for meters, ISO /R 1757-1971, available from the Amer- I

ican National Standards Institute,1430 Broadway,

'lt may be noted here that dosimeters with isotropic response '

would overest 7. ate the dose equivatent index when irradiated
under a 90-degree angle of incidence (patallel to the phantom - - - -

surface), while dosimeters having a response that strongly * A related llealth Phy sics Society standard, Standard for Per-
vanes with angle ofincidence may underestimate the dose formance of Thermoluminescence Dosimetry Systems, will be
equrvalent index when irra:iiated in the same geometry, forrhcoming.
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