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PERSONNEL RADIATION EXPOSURE EXPERIENCE OF EMPLOYEES AT HANFORD

SUMMARY

Radiation exposure data are included in the AEC Health and
Mortality Study for the following groups of employees at
Hanforad:

(1) duPont employees for the period 1944 through September
1946 who subsequently transferred to the General Electric
Company and remained at Hanford.

(2) General Electric employees since September 1946.
(3) Vitro employees beginning in 1963.

(4) Battelle-Northwest Laboratories beginning January 04,
1965. :

(5) Atlantic Richfield Hanford Company (formerly Isochem)
beginning January 01, 1966.

(6) United Nuclear Industries (formerly Douglas United Nuclear
Company) beginning November 01, 1965.

(7) International Telephone and Telegraph/Federal Support
Services (from March 01, 1966, to September 01, 1971).

(8) Hanford Environmental Health Foundation beginning
August 01, 1965.

(9) Computer Sciences Corporation beginning July 01, 1965.

(10) Hanford Engineering Development Laboratory (Westinghouse)
beginning July 01, 1970.

Records for groups (4) through (10) are available since these
groups took over when the General Electric Company was phased
out beginning in 1965. All known occupational exposure is in-
cluded for each of these employees. Exposure received by

these employees as a result of prior employment by another con-
tractor at some site other than Hanford is included when known.
This is identified as "off-site" exposure.

The total radiation dose from external sources received by each
person during his Hanford employment is summarized by year.

From 1944 through 1972 these data were accumulated on data pro-
cessing cards and listings prepared from these cards. Off-site
exposure was summarized on a separate card for each employee

for each known intake of bone seeking radionuclides. The for-
mats used for these cards are described in the attached exhibits.
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Since 1972, the external radiation exposure has been piched up
yearly by interfacing with the Hanford External Exposure
System. Exhibits #1, 1A describe the format.

EXTERNAL RADIATION EXPOSURE DATA

Historical Data

A record is included for each year an employee was monitored

and exposure data were recorded. Since 1964, exposure records
have been kept for all employees whether monitored or not.

These records will include the following employee identification:

#Payroll number (s)
@ Social Security number
ellame (s) (Last, First and Second [initials onlyl])

These doses, including zeros for years monitored without any re-
corded doses, are recorded for each year in units of Rem, rounded
off to the nearest 0.01 Rem. Details are shown in Exhibit #2.

Special computer programs were written to retrieve data from the
exposure information that has been stored on magnetic tape at
Hanford over a twenty-one period starting in 1944. These data,
which include identification of the emplovee external exposure
data (beta, gamma, X~ray, neutron, tritium, and extremity doses
prior to 1972) have been entered on data processing cards.
Exposure data, not available from any of the magnetic tapes,
were obtained manually from other sources. The sources of the
exposure data are described in detail in Exhibit #3.

Beta-gamma Dosimetry

Exposure data are based primarily upon the results of dosimeters
work by employees at Hanford, currently in accordance with the
following criteria: (Earlier criteria was at least as restric-
tive as the current criteria).

At Hanford a Thermoluminescent Dosimeter shall
"be worn by each person who enters either a
Hanford manufacturing or laboratory facility
wherein there are sources of ionizing radiation
or in any Hanford radiation zone. Employees who
are not expected to receive more than 1 rem/year
as a result of their work are assigned a Basic
TL Dosimeter. Those expected to receive 1l rem
or more to the whole body in a year are assigned
a Multipurpose TL Dosimeter. .



Beta-gamma Cosimetry {conitd.)

The dosimeter worn by employees while in a zone
where the measured neutron dose rate is known

to exceed 1 mrem/hour shall include capabilities
for measuring the neutron radiation., A Hanford
Ring Dosimeter shall he worn, while in a Radia-
tion Zone or while working with radioactive
materials, by employees whose extremity expo-
sure may be expected to exceed 3 rems per calen-
dar quarter,

All exposure data indicated by personnel dosimeter results are
considered to be valid measurements of exposure received by
the individual unless they can be clearly demonstrated otherwise.

If a dosimeter result is lost or proven to be invalid, an esti-
mate of the individual's exposure for the period involved is
established. This estimate is included in the individual's
exposure record.

Four types of dosimeters have, at various times, been utilized
at Hanford to measure beta and gamma exposure. Detailed des-
criptions of these dosimeters are included in Exhibits #4 and
#5.

Neutron Dosimetry

The reported neutron exposures are either estimates based on
field dose rate measurements and the duration of exposure or
upon results of a neutron dosimeter worn by the individual.
Four types of neutron dosimeters have, at various times, been
worn to measure neutron exposure. Exhibit #6 contains a de-
tailed description of these dosimeters. A quality factor of
10 is applied to convert the fast neutron dose from rads to
rems and a quality factor of 3 is used for slow neutrons. The
sum of the fast and slow neutrons, in rems, is reported on
data processing cards.

Tritium Dosimetry

Although tritium exposure is based upon results of urine sam-
ples collected it is considered as whole body penetrating
exposure. Exposure from tritium is routinely calculated utiliz-
ing a data processing program. This program assumes a twelve-
day effective half-life in the body in the absence of sufficient
measurements to establish a better half-life and applies a
quality factor of 1.7 to convert the dose to rem., This twelve-
day half-life may slightly overestimate the exposure; however,
persons having significant potential for exposure to tritium

are sampled frequently enough so that any overestimate is
minimized. The method utilized to evaluate exposure for tritium
is described in Exhibit £7.



Extremity Dosimetry

The extremity exposure data are routinely based on measurements
of finger ring dosimeters and occasionally on special evalua-
tions based on other exposure information. Extremity dosi-
meters are worn only when significant hand exposure is antici-
pated and therefore may not represent a valid measure of the
total extremity dose. A more conservative estimate of the
total extremity dose would include a portion or all of the dose
to the skin of the whole body. Extremity dosimeters used at
Hanford are described in Exhibit #8.

Qff-Site Exposure

Exposure received prior to employment at Hanford has been ob-
tained and entered in the person's exposure record., Prior to
1962, this practice was followed only for cases involving known
or suspected exposure. Beginning in 1962, all persons hiring-
in at Hanford were instructed to complete a questionnaire des-
cribing prior employment history. For each case identified

in this manner the prior exposure history was obtained. The
side at which the exposure was received is identified along
with the penetrating dose in Rem, rounded' to the nearest 0.01
Rem, referenced to the last year of employment at that site.
Thus the exposure will not necessarily be listed for the year
in which it was received by the individual. Exhibit #9 shows
details of the card layout.

Recommendations for Interpretation of External Radiation
Exposure Data

Exposure is normally utilized at Hanford as whole body pene-
trating, whole body skin, or extremity exposure. However, for
this study only the basic measurements have been reported; that
is, each type of measured radiation is reported separately so
that the exposure can be recombined in any method desired or

in any of several ways as the occasion demands. The following
procedure was used at Hanford prior to 1972 for combining the
various types of exposure:

Basic Units Reported in the HMS

Prior to 1972 1972 to Date

Gamma Penetrating Photons

Beta Non-Penetrating

X-ray {(Nothing Comparable Reported)
Fast Neutron Fast Neutron

Slow Neutron Slow Neutron

Tritium Tritium

Rings Rings .



Recommendacions for Ianterpretatinn of External & ahloa
Exposure Daca {(contd.)

Interpretation of Exposure Data
Prior to 1972 1972 to Date

Whole Body Penetrating: Gamma Pen. Photons
35% X-rays ———
Fast Neutrons Fast Neutrons
Slow Neutrons Slow Neutrons
Tritium Tritium
Whole Body Skin (Derma): All types re- All types re-
- ported except ported except
rings rings
Extremities: All types All types
‘ reported reported

INTERNAL RADIATION EXPOSURE DATA

Routine Surveillance Program

A routine surveillance program (described in Exhibit #10) is
maintained at Hanford to detect and/or measure any internally
deposited radionuclides. These examinations are conducted
using bioassay plus in~vivo examination procedures.

Bioassay Data

Urine, feces, and blood samples are collected and analyzed as
part of the routine and special internal dosimetry programs
provided for Hanford employees. The raw data are provided as
backup since it is conceivable that it may later prove de-
sirable to re-evaluate the deposition data previously reported
" (systemic burdens), which was evaluated using the best cur-
rently available techniques. The technique employed often
utilizes one model to determine the soluble burden and another
model to determine the burden of initially insoluble material.
These are then added to provide an estimate of the total sys-
temic burden.

Sources of Bioassay Data

1944-1958 - These data were obtained from microfilmed records
maintained for all Hanford employees included in
the study to date and punched on data proce551ng
cards. (See Exhibit #11) :



Sources of Rioacgay Data (ceontd.)

1959 to Date - These data were obtained from records which had
previously been placed on magnetic tapes.

Systemic Burden Evaluations

That portion of an intake that will eventually be solubilized,
transferred to the blood, and finally be deposited in various
organs of the body is determined utilizing various mathemati-
cal models. These models are described in Exhibits #12, #13,
and #14. These evaluations are based on urine as described
in Exhibit #15 and for each intake the following information
is provided:

Name (Last, First and Second [initials only]})
+Payroll number

*Social Security number

*Date(s) of intake (month, day, year)
+Estimated quantities deposited in the body
as a result of each intake in units of uCi.

Evaluations are reviewed periodically and should additional
data indicate the utilization of a different model would re-
sult in a better f£it of the data, the estimate and/or probable
date of intake may be revised at some subsequent date.

In-Vivo Data

In-vivo measurements have been made to determine the internal
contanination status of Hanford workers since 1959,

Several sources have been used to assemble these data. Since
1970 the data have been routinely keypunched and placed on
magnetic tape. Prior to that the data were retrieved from
microfilmed records in the individual's radiation exposure
record file. The card format used to provide these data is
shown in Exhibit #16.

Several types of examinations are utilized for various purposes.
These examinations and the equipment utilized are briefly sum-
marized below:

Whole Body Count - In-vivo measurement of gamma emitting radio-~
nuclides with a photon energy of 200 keV or
greater is done in the standard chair position
using a 4-inch thick by 9-3/9 inch diameter
sodium iodide crystal which is observed by
four 3-inch diameter phototubes. The counting




Whele Bedvy Count - eguipment is located in an iroa =scui. J41th

(contd.,)

l0-inch thick walls with 1/8-inch thick
lead liner for background reduction. The
measurement period is 10 minutes and the
minimum detectable amount is from 0.5 to

. 1 nCi for ®%o, %5zZn, 2?'Na, and '2?7’Cs in
an average individual.

Lung Count, 2“!Am - In-vivo chest measurements for 2“!am

e

(60 keV) are made by placing two 3/8-inch
thick by 5-inch diameter sodium iodide
crystals coupled to 5-inch phototubes in
front of the chest and two identical de-~
tectors in back of the chest region. The
measurements are made in a 4-inch-thick
lead room which is copper lined. The mea-
surement period is 2000 seconds or 33-1/3
minutes with a minimum detectable amount
of from 0.15 nCi to 0.6 nCi depending upon
chest thickness which is related to the
weight/height ratio of the subject.

Lung Count, U - In-vivo chest measurements for U are identical

Lung Count -

to that for 2“'am except the photon energy in-
cludes the ~60 and ~90 keV from the thorium
daughters of U. The %35y content is observed
from the 185 keV photon., The minimum detectable
amount for U is from 2 to 3.7 nCi, depending
upon chest thickness and for %%°uy from 0.17 to
0.37 nCi.

39SR, !“7Pm - The equipment used and counting pro-

cedure is the same as for 2"!am and
U. The detectors measure the
"Brehmstrahlung" from the beta par-
ticles emitted. “The minimum detec-
table amount for °°%Sr is from 25 to
40 nCi and '*7’Pm from 0.5 to 1.5 uCi.

Bone Count -~ This is an in-vivo measurement for bone deposited

radionuclides present in the bone in the head. It
is done with a 3/8-inch thick 5-inch diameter sodium
iodide detector observed by a 5-inch phototube. The
detector is positioned near the side of the head in
the iron room and the measurement made at the same
time as the whole body count. The thin beryllium
window permits measurement of Brehmstrahlung for
beta emitters such as ?°Sr-°°Y. The minimum detec-
table amount of ?°Sr is ~50 nCi.



wound Count - Contaminated °*?3u, 2*'am,. ?'°Pu i.juries are

- measured in the lead room with a 1 mil thick
2-inch diameter sodium iodide detector observed
by a 2-inch phototube. The detector has a thin
beryllium window which permits measurement of
low energy x-rays. The minimum detectable
amount for 23°pPu is ~0.1 nCi in a lO0-minute
counting period.

Thyroxd Count - In-vivo examination for !3!I is done by thy-
roid measurement through the side of a 3-
inch thick, 3-inch diameter sodium iodide
crystal observed by a 3-inch phototube. The
detector is mounted on a movable arm that
permits positioning of the detector near the
thyroid of a subject seated in the standard
chair in the iron room. The minimum detec-
table amount is 20 pCi for a 30-minute count.
In general, actual numbers have been reported
for all positive measurements. Examinations
showing < detection limits are also reported.
Questionable results have been included but
are identified so that less credence may be
placed on these suspect data.

Plutonium-241 Estimates

Estimates of the systemic burden of plutonium-241 as a result
of involvement in a known or suspected radiation occurrence

has been calculated based on the isotopic comp051t10n of the
material involved in the incident. This technique is described
in Exhibit #13 of the 1969 Hanford report. This assigned 2"“!pu
deposition has been provided along with the date of intake.

Organ Dose Commitments

Dose commitments resulting from internally deposited plutonium
have been calculated using recommendations provided by the
Advisory Committee on Plutonium Dose that was appointed by the
HMS staff. The annual dose commitment for 50 years following
each intake and the S50-year dose commitment are listed for bone
and liver. Additionally, the same data are provided for lung
and lymph node when the intake occurs as a result of inhalation
of contaminated atmosphere. The assumptions used for these cal-
culations are shown in. Exhibit #18 and the formats of the data
reported are shown in Exhibits #17-A and #17-B.

NOTE: This phase of the program has been developed but is not
currently included as part of the input to HMS



CARD PUNCHING OR VERIFYING INSTRUCTIONS
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EXHIBIT #1

JOB NAME

Exposure Data Result

Cards

JOoB NO.

FREQUENCY

COoaey
Oweexey
Dat=weexty

Dsmu-mou‘ru;v

OmontrLy
OeuarTenuy
Oannua
Ooruen

ESTIMATED ESTIMATED
VOLUME TIME )
WOURS FTeutug

PROGRAM
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CAROC FlELD COLUMNS IruncTION® REMARKS

M FROM TO

! Pay No. 2| 6

* P.E, date 9414

> i-/c ' 15

“ N.c. 16 | 17

* Non-Pen Crems 46 | 49

* Pen Crems 50 | 53

’ Pinger Ring 54 | 58

> off-Site Loc 60 | 61

> F/N Dose Crems 62 | 65

'“ s/N Dose Crems 66 | 69

i

12.

1a.

ta.

is.

TOTAL KEY STROKES PER CARD

paTE secTion PAGE

RA_WMNAN_CIR { 2.RAR)
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EXHIBIT #1A

OFF-SITE LOCATION CODES

Argonne National Lab., IL AR
Bettis, Pittsburgh, PA BA
Berkeley, CA BE
Brookhaven Wational Lab., NY BR
A.E.C. Headquarters HQ
Idaho Falls, ID Ir
K.A.P.,L., NY Ka
Los Alamos, MM LA
Livermore, CA LR
Nuclear Test Site, NV NT
Oak Ridge, TN : OR
Other Locations ' OL
Rocky Flats, CO RF
Savannah River, SC ' SR
Universities UN
U.S. Military us
Department of the Interior Us

Civil Defense Disaster Council us
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EXHIBIT £2
CARD PUNCHING OR VERIFYING INSTRUCTIONS

JOB NAME

Plant Results -~ Exposure

Data Cards

JOB NO,

FREQUENCY ESTIMATED ESTIMATES

Ooany COmontuuy voLume TIME ..
nOURS TENY-

[Jweekey Oauarreary

[Ooer-weekey Olannuac .

[(sami~monticy Hortwner

PROGRAM
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i

(™)

1234867 0 90NN NEII 0 N22I32ers28 32829300192 334333620 300940 4142434445464 484950915291 3 9530 82983940 B1420364 658 EICAOII NI N 1 IS8 N0 1900 )

L 3

1234367 0 9@MITNWIIWIINN20 22223282526 4282930 383720343538 97 182940 4942834445 4647284850 915293 & 3336 57803980 ITEICEs3S 67686920 N 123 sars s g nag| 4

COLUMNS

CARD FIELD m——— — FUNCTION®* REMARKS
1. Payroll No. 2 6
2. Last Name 8 25
3. Initials 26 28
4. Social Security No. 29 37
3. Beta 38 43 Rems rounded to néarest .01
& Gamma 44 49
7. X-ray 50 55 Total X-ray dose. Rems rounded
" Neutron 56 51 Sugogzazge slow/fast.” Rems
? Tritium 62 67 Rems rounded to nearest .01
©. Rings 68 | 73 iégggzg rings totaled. Rems
" "11" punch in all cards. Plant
Code 78 results.
2. Year 79 80
13.
14,
1S,
TOTAL KEY STROKES PER CARD
DATE SECTION PAGE

54-3000-526 { 4~56)

ACC-RL RICHLAND wieu
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IBIT #3

SOURCES OF EXPOSURE DATA

Year Beta~Gamma X-Ray Neutron Tritium Extremity
1944 Tape Photometry Records
1945 Tape Photometry Records
1946 Tape Photometry Records
1947 Tape Photometry Records
1948 Tape Photometry Records
1949 Tape Bioassay Result
Cards
1950 Tape Hist. File Bioassay Result Photometry Records
Cards
1951 Tape Hist. File Bioassay Result Photometry Records
Cards
.
1952 Tape Hist. File Bioassay Result Photometry Records
Cards
1953 ‘Tape Hist. File Bioassay Result Photometry Records
Cards
1954 Tape Hist. File Bioassay Result Photometry Records
, Cards
1955 Tape Hist. File Photometry Records
1956 Tape Hist. File Photometry Records
1957 Tape Tape Hist. File Photometry Records
1958 . Tape Tape Hist. File Photometry Records
1959 Tape Tape Tape Photometry Records
1960 Tape Tape Tape Photometry Records
1961 Tape Tape Tape Front of 1962 Photometry Records
Year-End
Report

Since 1961 all data was

taken directly from tape.
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EXHIBIT #4

HANFORD BETA-GAMMA FILM DOSIMETERS

A. DOSIMETER USED 1544 UWTIL APRIL 1957

The first Hanford dosimeter was a large metal dosimeter which
was used to measure only the beta and gamma radiation. The
dosimeter utilized a 1 mm thick silver shield having a window
cut in it to permit obtaining both "shielded" and "unshieldegd"
measurements. The darkening on the film under the open window
area of the dosimeter resulted from both gamma and beta. It
was assumed that the gamma component was responsible for dark-
ening equal to 1.5 times that measured behind the silver shield
and that the balance of the darkening was due to beta radia-
tion. The dosimeter contained both sensitive and relatively
insensitive £film.

B. DOSIMETER USED APRIL 1957 UNTIL SEPTEMBER 1962 -

1. Description of Dosimeter

LY

A plastic film dosimeter was developed for use at Hanford
in 1957. This dosimeter was composed of two main parts;
the removable portion, referred to as the slide, and the
housing or body of the dosimeter. To assemble, the slide
was placed into the housing of the dosimeter where a
magnetic looking device secured it.

The f£ilm packet was held between a series of three metal
shields and an "open window" area. Matching shields were
located on both the slide and the body of the dosimeter
so that identical shielding existed on both sides of the
film when it was in place. Lead tape positioned over
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another area of the film was utilized for identifying the
film. Figures identifying the employee's payroll number

and general work location were perforated in the tape and i
that portion of .the dosimeter was exgused to low energy
x-rays (l10KVP, 10 ma, 1l-1/2 sec.) before the film was
removed, thereby, permanently identifying the film. That
portion of the film utilized for dosimeter purposes was

well shielded to prevent darkening by these low energy
x-rays. The three metal shields may be described as follows:
(1) a 1 mm thick silver shield (1 gm/cm2), (2) a 0.005in.
silver shield (0.13 gm/cmz), and (3) a 0.0191 in. aluminum
shield (0.13 gm/cmz). The thin silver and aluminum shields
were equal in mass per unit area, thereby rendering them
essentially beta equivalent. However, the gamma absorption
properties were decidedly different., With this shield
sysﬁem it was possible to determine the dose to the film

due to gamma radiations of various energies. This evalua-
tion could be made. to a certain limited extent even.in

the presence of beta radiation, however, this was not
routinely accomplished.

Later, a security credential was placed in front of the badge,>
adding to the shielding in front of the film. This had

no appreciable effect on the evaluation of gamma doses due
to energies above 200 keV. A "thin window" was provided
in the accompanying security credential over the area used
for lower energy gamma dose evaluation,

2, Dose Interpretation

Interpretaﬁion of gamma dose was accomplished by'measuring
the film density behind the thick silver and comparing to

a calibration curve., In addition to gamma dose evaluations,
it was possible to determine the dose contribution from
each of three energy groups, 17 kev, 58 keV, and >200 keV.
This procedure was necessgry'because of the spectral
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responsc of the film. For energies of about 200. keV or
greater, the ratio of true dose to dose calculated from
the radium calibration curve was about one. As the gammar
energy decreascl, the ratio decreased reaching a minimum
behind the thick silver shield at approximately 130 keVv
and at 45 keV for the open window area. These ratios for
the open window were approximately 0.10 and 0.027 for the
‘17 and 58 keV energies, respectively. The true total dose
was indeterminate when a mixture of these energies were
present since only a single shield density measurement

was available. Several assumptions were required in ‘using
these equations;'first, the density for the high energy
radiaticn was equal behind all shield areas. Error was
introduced by this assumption particularly in the open
window, however, on the conservative side. Since dose

for high energy radiation was based on the density behind
the thick silver shield, any excess appearing in the

open window was included in the dose assigned to low .-
energy radiations. Second, it was assumed the 17 keV
group x-rays produced no density behind either silver
shield and the 60 keV component produced no density behind
the thick silver shield. Error in this assumption
appeared only at the higher‘dose levels, 100 mR or more
for the 60 keV component., Very few personnel exposures
approach this dose for this energy component. Third,

it was further assumed that no beta radiation was received
by the dosimeters expdsed to the lower energy radiations.
-Hanford's methods of operation tend to validate this

third assumption.

After determination of dose for each energy group, summa-
tions for individual exposure records were made in the
following manner: all dose contributed by the 60 keV group
and higher energy radiations were considered as penetrat-
ing dose but only 35% of the 17 keV component was considered

.
~
- .

rd

i
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as penctrating dose. The total of all radiations was
assigned as skin dose. Assignment of only 35% of the 3
17 keV group as nenetrating was Tased on absorption studies
and the assumption that the gonads are at a depth of one

centimeter and are the critical organ.

.C. DOSIMETER USED SEPTEMBER 1962 TO 1972

In 1962, a new personnel film badge dosimeter was placed into
service at Hanford. This dosimeter utilizes the latest advances
in film filter systems for routine dose evaluations and pro-
vides high neutron dose, and high gamma dose evaluation cap-
abilities following any serious radiation event.

The new dosimeter is similar in appearance, size (3-1/8 in. x
1-3/4 in. x 5/16 in.) and weight (34 grams) to the previously-
used Hanford dosimeter. It is molded from "cycolac" plastic
(styrene - butadiene - acryloni;rile). The dosimeter préviBes
for the evaluation of radiation dose from beta, gamma and

x-ray radiations present independently or cohcurrently. Activa-
tion foils provide neutron dosimetry in the event of a criticality
or similar serious radiation event. Two small silver phosphate
glass rod dosimeters are included to provide measurement of

high gamma dose. Indium foil is provided for prompt sorting

of directly-involved personnel following a criticality event.

The dosimeter was designed to take full advantage of mechanized
processing. Each dosimeter contains a lead tape perforated
with the employee's payroll number. Prior to the removal of

the film packet, the payroll number is x-rayed onto a part of
the film to provide positive and permanent identification. Film
identification and £film exchange are performed mechanically by

a film dosimeter processing machine.
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The dosimeter design provides for the use of the Hanford sccurity
credential in a neat integrated assembly. The security creden-
tial is removable from the dosimeter and can be readily removed
by the wear:r for do::imeter exchange.

Dosimetrz

"The new dosimeter contains a f£ilm packet and a £film filter
system for the interpretation of beta, gamma and x-ray radiation
dose from normal Hanford operations., Components are provided

to measure the gamma and neutron doses that might occur as

the result of a criticality or other serious radiation event.

- Routine Dosimetry

The new dosimeter utilizes four film filter areas to pro-
vide the interpretation of radiation dose to beta, gamma,
or x-ray ratiations. The filter areas provided are. .
designated as open window, plastic, iron and tantalum.
The physical characteristics of the filter system are
shown in Table I. -

TABLE I

Filter System - Physical Characteristics

Size Thickness Total mg/cm2. (Excluding
Filter In Inches In Mils ~~ Security Credential)
Tantalum 1/2 x 1/2 20 915
Iron 3/8 x 1/2 ‘ 1 148
‘Plastic 3/8 x 1/2 70 178
Open Window 3/8 x 1/2 - —-——

Both the iron and tantalum filters are covered with 20-mil
‘thick "Tenite II" plastic to improve the energy response
characteristics of the system, The filter system provides

-
’



-18-~

a linear density response, within +10%, for a given gamma
radiation dose at any energy bectween 50 keV and 2 MeV. .
To interpret the aose from a film dosimeter that was exposed
to beta, gamma, and x-ray radiations, the density behind
each of the four filter areas is méasured. This density is
measured and the identifying payroll number from the £film

is read with the Hanford automatic densitometer. An
electronic data processing machine card containing this
information is automatically provided for machine process-
ing. The machine processing, utilizing appropriate calibra-
tion data, provides an evaluation of the radiation dose

due to: (1) Electromagnetic'radiation between 50 keV and
2.MeV; (2) electromagnetic radiation between about 15 keV
and 50 keV; (3) beta radiation assuming a beta energy
spectrum similar to the beta spectrum emitted by natural
uranium. The dose interpretation is made as follows:

- . "

(1) Electromagnetic Radiation 50 keV to 2 MeV

The density behind the tantalum filter is due essentially
to electromagnetic radiations with energies greater

than 50 keV. This density can be directly related to the
dose by use of an appropriate calibration curve.

(2) Electromagnetic Radiations From About 15 keV to

50 kev {(x-rays)

The density behind the plastic filter and the iron

filter areas results from electromagnetic radiation
and beta radiation. The response characteristics of
the filter system are chosen so that electromagnetic
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radiation with energies greater than 50 keV and beta
radiation produce equal densities behind each of these’
filters, For electfomagneiif radiations with energies
less than 50 keV, the iron filter has a significantly
higher absorption coefficient than the plastic filter;
consequently, the difference in density between the
plastic and iron filters can be directly related to
dose by use of a calibration curve constructed for
electromagnetic radiation energies similar to those
encountered by the dosimeter.

(3) Beta Radiation

The density behind the open window and the plastic
‘filter areas results from electromagnetic radiation
and beta radiation. Electromagnetic radiations with
energies greater than 50 keV produce eéual densitites
behind each of these filters. The difference in
density between these two filters is a function of the
low energy, less than 50 keV, électromagnetic radia-
tion dose and the beta radiation dose. Since-the low
energy electromagnetic radiation dose has been deter-
mined independently from the plastic and the iron
filter density difference, it is possible to correct
the density difference observed between the open window
and the plastié filter area for the low energy dose
contributions by an appropriate calibration correction
curve. After this correction is made, the remaining
density difference between the open window and the
plastic filter may be related to a beta calibration
curve and the beta dose determined.
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D. FILM USED IN PERSOMNEL DOSIMETERS

Beta-Gamma Dosirstry

1944 to 1957: duPont, 502 £film
1957 to 1965: duPont, 508 film
1965 to 1967: duPont, 519 film
1967 to 1971: duPont 558 film
1971 : Kodak, Type II film

E. DENSITOMETRY

Radiation dose determinations were made by comparison of densities
produced on film by exposure to unknown amounts of radiation to
densities produced by exposure to known amounts of radiation.
These film densities were determined by measuring the light
transmission through the film from a controlled light source.

Density measurements were made utilizing a Beckman V micro-
microammeter connected directly to a type 922 phototube. The
light source was a type 1321, 6 volt auto lamp beamed through
a focusing lens and spotted on an opalized diffusion window.
A regulated voltage was fed to the densitometer to adjust for
possible instrument drift,

A metal jig was used as a film positioning guide to insure the
film was correctly oriented in the light beam from the opalized
diffusion window for each shield area measurement.

With the densitometer eguipment in use during this time, it was
possible to obtain optical readings from a minimum of 0.005
density units to about 3.0 density units. It was possible to
estimate doses up to approximately 50 R using the 510 insensitive
£ilm and our processing procedures.
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A statistical study of a large number of blank 502 film showed
the standard crror of density measurement to be approximately -
0.002 densit’ urits,

Limitations in aperture dimensions were established by the smallest
shield areas used in the film badge. The aperture used for

. routine dosimetry was 3.5 mm in diameter. A rectangular aperture
of 1/8 in. x 3/8 in. was used for special dosimetry evaluations.

QUALITY ASSURANCE MEASURES - EXTERNAL DOSIMETRY

Film Shelf Life

Film packets used at Hanford have always been ordered in small
lots. From 1945 to 1957 duPont film type 502 utilizing acetate
base was used. In 1957 the type 502 film was replaced with
type 508 film utilizing acetate base., This was used until 1965
when type 519 £ilm utilizing Kroner base replaced the 508 fﬁlm.

Specifications required that all film in one shipment be of the
same emulsion lots. Refrigerated facilities were provided where
the film was stored for a maximum of three months after its
delivery.

Spot Check of Film Prior to Use

Each shipment of film was sampled prior to being placed in
service by removing one packet from the top, middle and
bottom of each box of 150 packets. These films were processed
to determine the background density for that lot of film.

. Film Identification

Each film worn by an individual in a regularly assigned dosimeter
was x-ray coded prior to removal from the dosimeter (or manually

g
»
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perforqted as it was removed from the dosimeter for a few
specific situations) to positively identify the individual

shield that portion of the film under the open window and
filters during the x-ray coding operation.

Film Processing

Approximately 850 personnel film were processed in one batch.
With each batch of personnel film a set of calibration film was
also processed. The number of calibration f£ilm in each set
varied but normally consisted of 13 or 14 pieces of film exposed
to radium gamma at doses from 20 mR to 10 R, 13 to 14 pieces of
film exposed to a slab of uranium beta at doses from 20 mrads

to 5 rads, 7 pieces of f£ilm exposed to 17 keV x-rays at doses
from 20 mR to 160 mR and 10 blank £ilm.

Standard developing solutions were used and were carefully mixed
according to the manufacturer's recommendations. This solution
was replaced each month. Uniform agitation of the deve;oping
solution was accomplished by one-second bursts of nitrogen

gas every fifteen seconds. Air was used in a similar manner

for agitating the bath and fixing solutions. The film was then
allowed to dry for a two-hour period. All film was sufficiently
fixed and washed for archivial storage.

The processing time was carefully controlled. Since 1962 the
film was processed through the various stages of photographic
development by a chain-driven, pneumatic lift system. This
system utilized a built-in timing mechanism with microswitches
p;oviding precise control to within one second in each of the
processing steps. The temperature was maintained automatically
at 68°F. A signal was activated whenever the temperature
deviated more than 2 in, from that desired.
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After development, each film was stamped with a batch number
to associate it with the calibration f£ilm which was processed -
at the same time.

Measurements of Film Darkening

Identification of the individual wearing the dosimeter and the
darkening of the f£ilm was read on a densitometer. In 1964

the system was automated to where measurements of the optical
density of the film behind each of the various filters in the
form of electrical impulses were fed directly to a keypunch
machine which recorded individual identification and densitometer
readings in keypunch language. .

Calibrations

The radium gamma source used to expose calibration film was
routinely calibrated utilizing a Victoreen R-meter which” had
been checked against a primary standard.

Quality Control Program

Béginning in 1965 a program was initiated wherein an outside
group exposed f£ilm to known doses of gamma, beta, neutrons and
x-rays which were sent in for processing as a blind audit
utilizing ficticious payroll identifications. The results of
these were required to fall to within #25% at the 95% confidence
level.
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EXHIBIT #5

HANFORD TIIEXMOLUMINESCINT DOSIMETLRS

BASIC TL Dosimeter (June 1971 to date)

This dosimeter is worn by workers who receive little or no
exposure as a result of their work assignment.

The dosimeter consists of a 7LiF block sealed in a modified
phenylene oxide plastic card. An 8 mm diameter 7LiF disc pro-
vides backup but is normally not processed. Readout is accomp-
lished without removal of the block from the card in a locally
constructed reader. The block is heated to 300°C and the
readout cycle is 20 seconds. Integral light output is mea-
sured rather than glow peak. To be conservative both penetrat-
ing and non-penetrating beta and photon radiation is measured
and all interpreted as penétrating radiation. - T
The useful range of the dosimeter is 30 mR to 10 5
any photon energy above 10 KeV, -

R for virtually

MULTIPURPOSE TL DOSIMETER (January 1972 to date)

7 6

LiF blocks and 2 "LiF blocks to
measure beta, photon and neutron radiation was developed to

A dosimeter utilizing three

replace both the Hanford beta gamma and neutron dosimeters.
The card containing these LiF blocks measures 7.8 cm by 3.8 cm
by 0.1 cm and weighs 3.6 grams. The LiF blocks are centered
in 5 separate holes, each of which is 0.95 cm in diameter,
using Teflon TFE skived tépe.

The dosimeter holder is injéction molded from styrene -
butadieneacrybonitrile (cycolac). When the dosimeter carad
is inserted in the holder each block is centered between
appropriate filter materials. .See Table below:



TL, Block §
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Filter System - Physical Characteristics

Shield

l

The 7

radiation.

open window
Teflon TFE tape
Cycolac
Aluminum

Mylar

Teflon TFE tape
Cycolac

Tin

Mylar

Teflon TFE éape
Cycolac

Tin

Cadmium

Mylar

Teflon TFE tape
Cycolac

Tin

Mylar

Teflon TFE tape

Diamcter
in cm.

0.95

Thickness

in cm.

0.0

0.005
0.089
0.064
0.007
0.005
0.051
0.102
0.007
0.005
0.051
0.051
0.051
0.007
0.005
0.051
0.102
0.007
0.005

rd

Total
mg/cm_

0
12
93

173

12
53
750

12
53
375
440
7
12
53
750
7
12

LiF block #1 is used as a measure of the non-penetrating

The 7LiF block #2 is used to measure penetrating dose and its

shield was designed to correspond to one centimeter of soft

tissue for photon energies 10 KeV to 10 MeV.
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Blocks #3, #4, and #5 are used to obtain a measure slow and
fast neutron exposure. The 7LiF block is used to measure the °
penetrating radiation wiich is used to subtract this effect from
6LiF blocks. The bare 6LiF block

essentially measures both the incident slow neutrons and back-

the response of the two

scattered neutrons from fast neutrons entering the body since
the cadmium shields out the incident slow neutrons. Thus,
utilizing data from blocks £3, 44, and #5 the fast and slow

neutron doses can be determined.

5

The useful range of the dosimeter is 10 mrem to 10~ rem for

photon energies from 10 KeV to 10 MeV and for neutrons up
to 10 Mev.
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EXHIBIT #6

PERSONNEL FILM BADGE NEUTRON DOSIMETERS

INTRODUCTION

Hanford Atomic Products Operations initially relied on pocket

10 liners for slow

ionization chambers with enriched Boron
neutron exposure measurements. These chambers were supple-

mented by film badges containing Eastman nuclear track emul-
sions (Type A) for detection and measurement of fast neutron

exposures.

1944 to 1950

Pocket ionization chambers were used exclusively.

1950 to 1957

Eastman NTA film was used in the regular beta-gamma dosimeter
holder. The Eastman NTA film had limited capability to measure
fast neutrons up to ~0.8 MeV. The recoil proton tracks were
viewed microscopically at 970X magnification for 40 fields

and compared to 40 fields on calibration and control f£ilm,

April 1957 to July 1958

BEastman NTA film was used in a separate cellulose acetate
butyrate holder, The method for interpretation of neutron
dose was same as before.

July 1958 to January 1972

Design Characteristics

The badge was designed to meet the need for a reliable neutron
dosimeter. Outwardly, it differs from the Hanford beta-gamma
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badge by an increcase of 0.10 inch in depth. This dimensional
change was necessary to accommodate two packets of film and
to reinforce the badge body. '

The primary functional change in the Hanford beta-gamma badge
permitting its use as a heutron dosimeter was the substitution
of suitable shield materials. The selection of cadmium and
tin in lieu of other metals was based upon their thermal neutron
cross-sections and x-ray and gamma ray mass absorption coeffi-
cients. Cadmium has a high thermal neutron cross-section, and
tin is relatively transparent with respect to neutrons. The
prompt gamma coincident with a neutron capture in the cadmium
is recorded as darkening of the £ilm behind the ‘cadmium shield.
Since gamma rays experience nearly equal attenuation in either
cadmium or tin, the difference in darkening behind the cadmium
and tin shields was interpreted as a direct measure of the

slow neutron exposure. In addition, the gamma ray attenuation
of these two elements compare well with silver, which was the
shield material selected for the beta-gamma film badge, making
for excellent correlation of gamma dose between the tin shield
of the neutron badgé and the silver shield of the beta-gamma
badge. '

The film are identified with the user by x-raying his payroll
. number on the film. ’

* Calibration of Nuclear Track Emulsions

The neutron badge incorporates Eastman NTA film as a means of
assessing the exposure to neutrons of energies greater than

0.8 MeV. Calibration is accomplished using a PuF, neutron

source with average energy of the order of 1.4 MeV. The cali-
bration £ilms are exposed to a dose of 1.075 rem computed from
first collision theory. The average film response yields

71.24 + 13.51 tracks per forty fields of view. This is equivalent
to 1075 mrem exposure with a 95 per cent confidence interval.
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Interpretation of NTA film after processing is accomplished by
counting microscopically the tracks produced in the emulsion .,
by recoil protous. A field of view of 1/129 square centimeter
is viewed under 970 magnifications with oil immersion. Each

of three observers count the tracks occurring in forty fields
of view (a total of 120 fields). Films which indicate a signi-
-ficant increase in number of tracks relative to background

are viewed for a total of 400 fields. A 90 per cent confidence
interval of the tracks per fortyifields is constructed. The
upper limit of the count is compared with the lower limit of
the similar interval for tracks per forty fields per 300
millirem on the calibration f£ilms. The ratio of the limits
times 300 mrem is entered into the exposure record.

The dosimeter also had capabil&ties for measuring slow neutrons
having energieg from 0.025 to 0.5 MeV.

Cadmium Clad Tin Shields

For most purposes the use of pure cadmium and pure tin'as

-shield material produces an excellent slow neutron dosimeter.

In cases where the neutron exposure is accompanied by very '
soft x~rays, the small difference in mass absorption coefficients
between the two materials becomes a limiting factor for the
measurement of slow neutron exposure. '

To make the two shields more similar with respect to x-ray
atteﬁuation, a number of tin shields were rolled to 0.036

inch and plated with cadmium until the original 0.040 inch
“thickness was attained.

Quality Factors

A quality factor of 10 is applied to convert the fast neutron
dose from rads to rems and a quality factor of 3 is used for
‘'slow neutrons. ’
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January 1972 to date

Personnel exposures to both fast and slow neutrons were measured
using. the Hanford Multipurpose Dosimeter described in
Exhibit #5.
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EXHIBIT #7

THE EVALUATION OF WHOLE BODY DOSE FROM TRITIUM BY URINALYSIS DATA

The calculation of the dose rate from tritium oxide distributed
in the body requires certain assumptions. It is assumed that:
(1) the isotope is uniformly distributed in the organ of refer-

.ence, and (2) that time over which the deposition occurred is

small compared to the elimination time. Since the beta particles
of a given isotope are emitted in a spectrum, the average beta
particle energy per disintegration is used in the calcqlatiOn

of the radiation dose and is approximately 1/3 the maximum
energy. The dose rate is computed in terms of the energy
absorbed per gram per unit time. The unit of absorbed dose

is the rad, which represents the absorption of 100 ergs per

gram of material irradiated. Since total body water is used

as the critical organ in calculating the internal exposure from
tritium oxide, the material irradiated is assumed to be wa;gr.

Under the conditions outlined, and since the range of the tritium
beta particle is small compared to the dimensions of the body,
the beta particle energy absorbed per gram is equal to the beta
particle energy emitted per gram. The expression for the dose
rate then becomes:

D(rads/day) = (3.7 x 10%) (Co) (1.6 x 1076) (E) (1072)
(8.64 x 10%) (1)

where: 3.7 x 104

are the disintegrations per second per
microcurie, C° is the bioassay result in pCi tritium/gram
of Hy0, 1.6 x IO-GE is the average beta particle energy
expressed in ergs, 10-2 is the number of rads/erg/gram,

8.64 x 104 is the time conversion from seconds to days.

Therefore:

D= (51.2)§B)(C°) rads/day. (2)
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The total dose reccived for a finite period of time can be
expressed as:

rt

D - (51.2)(55) c, dat rads/day (3)

where the limits of integration range from the time of
uptake (t=0) to the time of interest (t-t) in days.

Since tritium is eliminated exponentially from the body, the
concentration at any time (Ct) can be expressed as:

Ciey = o — Mt (4)
where: C_ = initial concentration in uCi/gram
XB = elimination constant (0.693)
T
B
t = time in days
-Substitution of the expression for C(t) from equation (4)
into equation (3) gives: - .-
= ) (G ftg ~Agt . |
D (51.2) (EB) (co) o & BT dt (5)

Integration of this expression gives: . -

. D= (73.9)(Eg) (Cy) (Tp)  1-e(-0.693)¢

Tg

rads (6)

The derivation up to this point has been quite general and would
apply to any beta particle emitting nuclide which conformed to
the initial assumptions. Bioassay result can be expressed in
terms of pCi tritium/liter of urine assuming that 1 gram of
urine is approximately equal to 1 milliliter of urine and that
the tritium is homogeneously distributed in the body water.

g = 5.7 x 107> Mev and if con-
centration is expressed in terms of uCi/liter of urine, equation

Specifically then for tritium, E

(6) becomes:
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D

(4.2 x 1074 (C,) (Tg)  1-e(-0.693) ¢

B rads {(7)

The Quality Factor for beta particles of maximum energy <0.03 MeVv
is 1.7 and therefore equation (7) expressed in mrem becomes: '

D = (0.72) (Co) (TB) l-e(-0.693)t

Ty

mrem ' (8)

For approximate calculations of radiation dose, a 12-day
biological half-life for tritium elimination is recommended (7).

Substitution of this value into equation (8), the total dose’
expression reduced to:

D = (8.6) (Co)(1-3"2-938¢) nrem " (9)
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EXHIBIT #8

FINGER RING DOSIMETERS , ' .

A, Film Dosimeters (1944 to 1968)

Two types of finger ring film ddsimeters have heen used at Han-
ford to measure exposure to extremities., One is aluminum and
the other a heavy rubber. Both type dosimeters utilized duPont
510 £ilm. The photometer had a lower optical density limit

of 0.01-which corresponded to a dose of 250 mR.

These ring dosimeter film were calibrated by using a radium
gamma source. Thus it was necessary to correct exposures based
on ring dosimeter results when working with low energy gamma
and x-ray emitters. A special study was conducted which re-
sulted in using a correction factor of 1/10 for extremity
exposures resulting from work with plutonium or promethium..

B. TLD Rings (April 1968 to date)

The TLD extremity dosimeter utilizes a 7LiF'teflon wafer im-
bedded in a rubber ring. It has .a surface area of nominally
l.Srcmz. The wafer is covered by a sheet of polyethylene,

40 mg/cm2 thick. The useful range of the dosimeter is 30 mR

to 105 R for virtually any photon energy above 10 KeV.
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: EXHIBIT #9
‘ - CARD PUNCHING ORVERTIFYING INSTRUCTIONS
108 NAME ioe NO. |FREQUENCY €3TIMATED| ESTIMATESD
Off-Site Results - Exposure 8:;':” 8::':::::“ LT
Data Cards . O ei-weekLy DOannuac
Osemi-montey  ortuen i

PROGRAM

Al 12348820 9m0 WUHB MU NN NI ISI2202930 13223 ISHNBNNQ 424344434847 004033 315293 (23830 9159003 00T RICARSECRTESLITOTIIZTITA IS TENI Y HIG: 1]

-

13385873 00020008 ait a0tz esan 3202930 303239343936 37 309940 41 47434448 4647 404950 515793 J 59657305960 S1020304 634582486300 T IITI 13671 700900 )

-

P23 6T B 90N 12100920 2020203528 4 262930 31 32330425 36 37 203940 414249844346 47484959 315290 4 1330 97589960 41 626284854567 6869 70 1722306 T3 3600809000 4

CARD FI1ELD COLUMNS leuNcTIONS REMARKS
FROM TO
I Payroll No. 2 6
¢ Last Name 8 25
3 Initials . 26 28
4 Social Security No. 29 37
3- Beta 38 43 Rems rounded to nearest .01
§: Gamma 44 49 Rems rounded to nearest .01
7 X-ray 50 55 Total X-ray dose. Rems rounded
s Rems—
8 Neutron 56 6l rounded
9 Tritium 62 67 Rems rounded to nearest .0l
Highest rings totaled. ems
% Rings 68 | 73 rounded
. 0ff-Site Mnemonic
Code 76 77
12 12" punch all cards. Off-
" Code 78 site results
® Year 79 | 80
14,
is.
TOTAL KEY STROKES PER CARD
DATE SECTION PAGE

843000526 ( 4—-£6) ALC.RL RICHLAND, wasw,
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EXHIBIT 510

ROUTINE SURVEILLANCE PROGRAM FOR INTERNALLY DEPOSITED RADIONUCLIDEZR

Employees working in radiation zones at Hanford are currently
examined for internally deposited radionuclides in accordance
with the following schedule:

A, Gamma Emitters

Each employee working with gamma emitting radionuclides shall
be examined annually using whole body counting techniques.

B. Plutonium and Other High Radiotoxicity Materials

1. Employees who spend more than 25% of their time working
with quantities of plutonium exceeding 1 gram shall be
sampled quarterly. - T

2. Employees who spend more than 10% but less than 25% of
their time working with quantities of plutonium exceed-
ing 1 gram shall be sampled annually.

3. Employees who work up to 10% of their time with quantities
of plutonium less than one gram and/or those who do not
work with plutonium but whose work locations are in
facilities where quantities of plutonium exceeding one
kilogram are present shall be sampled once every five
years.

4, Employees working with biologically equivalent quantities
of other high toxicity materials shall be sampled accord-
ing to the same schedule as listed for plutonium.

Prior to the adoption of the above schedule utilizing WBC tech-
niques, bioassay samples were routinely analyzed for both plu-
tonium and fission products.
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EXHIBIT

#11

408 NAME

Bioassay Data

JoBa NOo,

FREQUENCY ESTIMATED ESTIMAICC :

(Joary JmonThLy voLumE TIME
WOURS  TEMTA3]

OQweexey CauarterLy [

Oei-weekey Oannuar

Osemi=montuey [ortwzr .

PROGRAM

/q»racslllsnnununlunnnnununaﬁuaunuuuuunuuu«nuuauuuuuuunﬂaunuuunuuunuuuuunnnununnun]Q

J l::osllllunuuunnuuunnnuuan3unnuuuuunnuuuuuuuuuuununnuJuuuu”uunuuu“uuumnnnuuunnuu k|
4 t:sns¢1ttnuuuuuununununuuutnnnnununnnnn««uuununuuuunn4uunnuuuuuunuunnnnnuununnnw 4
CARD FIELD COLUMNS runcTION® REMARKS
FROM TO
. File No. 1 5 Alpha numeric
. 1 for “?°Pu, 2 for Nat U, 3 for
* Analysis Code '6 any other isotope
. ' Exam?les: €3%pu, Nat U, *"'Pm,
Type of Analysis 7 | 11 291am, 210pg, 995y, Tr
. 6 except leave blank for
Computer Code 12 tritium
* sample date 13 | 18 Mo, da, yr
.. Sample type (urine .
or feces) 19 Uor F
’* Organization Code 20 | 22 Alpha numeric
8.
Job Code 23 27 Alpha numeric
9.
First two initials 28 29
10,
Last name 30 41
1
Street address 42 55
2. Examples: Rich, WRic, Pasc,
Town 56 59 Prog, Sunn
0. Example: A,B,C,D, or X,Y¥,Z2 (use
Shift schedule 60 only for 24 hr. samples)
14.
1s.
TOTAL KEY STROKES PER CARD
DATE SECTION PAGE

RA_WWNA €9€ 7 4 ex)

408 @s wranie vone
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EXHIBIT #11 (contd.)
CHING OR VERIFYING N

STRUCTIONS

408 NAME

Bioassay Data (contd.)

Jos

NO. |FREQUENCY ESTIMATEO| ESTIMAI--

Cloany OmonTHLY vOoLUME TIME

NOUAS TinTmy !

(Jweexey OeuarterLy ;
[OJei-weexey Oannvar

Oseu-vontiey  orwen i

PROGRAM

12345670 90NN uY NI NIIIIT6 T 202930 00027334 0318 31 I009 40 41474204 454847484950 915253 SS90 SPSUS40 G162 4TC4ESCH6702EII N IINI I IIIETIIININ 1

/I 12343676 8 MNITIIWI M8 DITII20232010 262930 1123334 33 3830 383048 41470344434887404930 913293103356 97 450061 624304 635641 NI 10N 22T T I TG II I8 TA 8 !2]

-
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CARD FIELD FUNCTION=* REMARKS
FROM TO
,. Collection period =routine or field request
code 61 l=sim 12 hr used for termination
a. 2=sim 24 hr urine
3=total 24 hr urine or feces
3 4=total 8 hr urine
S=single void (also used for 100
. ml aliquot for emergency
processing)
s, Sampling frequency l=annual 2=semi-annual
code 62 3=quarterly 7=every 5 years
¢. Month sample '
requested 63 | 64 i
, H=new hire I=incident
" Sample code 65 T=termination
. B=beginning work
) E=ending work
.. 1-9=1st thru 9th sample to
investigate high routines
o, X=volume and result extrapolated
from basic data
0 , I=insufficient volume
No result code 66 N=nc sample
2. L=1lost sample
'“Sample volume X.XX 67 | 69
liters or weight
" in kgq.
is.
TOTAL KEY STROKES PER CARD
. DATE SECTION PAGE
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EXHIBIT #11 (contd.)
CARD PUNCHING OR VERIFYING INSTRUCTIONS

JOB NAME JOB NO. FREQUENCY ESTIMATED( ESTIMAT i.;--’
. Cloany OmonThey yorume “W“""‘._ﬁ.ﬁ';“
Bioassay Data (contd.) Cweexey ClauvarTeacy |
Oeieweexey Oannuar
Osemi-montrey  [Jornen

PROGRAM
/l L2143 670 0N R HI NI DIINI6I9 2612162530 3032934 383639 203040 414243444346 47 404030 18231 135SHSTINSHRINIEIRICASIGE4TRAEITA N IIITe 0TI TRCN Y I

i

3 T 238367 0 90U WIENIZNINNG J""lﬂ‘l””ll”“ll!Il!'ﬂ ‘Hluul!“”ll“”ﬂ””355“!75]”‘0il"“““““ll“n LRFRFRIRI R RE) "”lo! 3
4 P EEEEENE BB ﬂllu‘"l‘I!””n"""“‘"l!”l')l”!‘“)l”u“(ﬂ lllll)“l,‘l"ll””5‘”“‘”“"“““Gl”"“““"“l!nﬂ'l))"“lll”l?)“l ‘j
CARO FleLD CSOLUMNS leyncTions REMARKS
FROM TO ‘
*Analysis date 70 73 Date UST analyzed Mo-da
. X . XX + X UNITS
2Analysis result 74 | 78 ~— ¥¥9pu uCi/sample
s Tr uCi/liter
) Nat U ug/liter
. ' All others uCi/liter
*Blank 79
6Pu routine - "No
" Sample" count . 80
z. )
s Leave columns 66 through 80
FIank when requesting prepara-
9 tion of result card
10.
1L
I2.
13.
1a.
15.
TOTAL KEY STROKES PER CARD

DATE SECTION PAGE
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EXHIBIT %11 (contd.)

CARD PUNCHING OR VERIFYING INSTRUCTIONS

JOB NAME 408 NO. FREQUENCY ESTIMATED Es’rlma'r!;.)
. (Joaicy OmonTHey voLume TIME___
BJ.o::lssay Results Used Cweexuy DlavanrerLy WOURS  TEWTH
Since 1972 Oei-weexey Oannuac
GSB‘I—MONTHLV DOTNER
PROGRAM
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] 123086 T 0 9N g nans ety g0 3223742526 3 102930 31 02333439 36 30 JU 3940 414247444545 41 404980 315753 3 935657505900 B16206465A8RIC14970 N 1231 2413 TG0 Y )llﬂb
A1 123036 090NN ITIENI0NTI2262926 4202930 11323334 333631 330940 424348434847 434930 513793 & S384 57305980 €1 626304436867 808900 21 Y BT
CARD FIELD COLUMNS FUNCTION® REMARKS
FROM TO
1.Social Security No. 1 9 N
2. Constant 10 |11 N "30"
XX XX XX
3. Sample date 12 17 N Yr Mo Da
4 Payroll No. 18 22 N
- Initials 23 25 A Ist, 2nd, & lst of last name
. Weight in kilograms !
¢ Sample volume 27 31 N Sample volume in mls. X.XXXX
"Sample type 32 A S, U, F, or B
o b=routine B=beginning work
Sample code 33 A/N |H=new hire E=ending work i
.. T=termination I=incident |
1-9 special investigation *
0. l-gim 12 hr 3-total 24 hr ;
Collection period 34 N 2-sim 24 hr 4-total 8 hr E
" 5-100 ml aliquot j
X XX~ DO not print decimal=- ;
2.Result value 35 37 N for alignment only i
BExponent 38 A/N |Sign + or -
4pPower exponent 39 40 N Power of 10
[IYResult less than Z2.25x10-° '
sResult flag 41 N (0) if greater f
.TOTAL KEY STROKES PER CARO
DATE SECTION - PAGE
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EXHIBIT #11 (contd.)

JOB NAME
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=
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EXHIBIT #12

EVALUATION OF AMOUNTS OF INTERMNALLY DEPOSITED SOLUBLE PLUTONIUM
FROM URINALYSIS DATA

P

I. "SOLUBLE" PLUTONIUM

. The evaluation of the amount of soluble plutonium internally
deposited in a person is accomplished by quantitatively
analyzing urine samples for plutonium content and fitting the
plutonium urinary excretion data thus obtained to mathematical
models derived to express the relationships between the amount
of soluble plutonium deposited and the resulting plutonium
urinary excretion rates to be expected at various lengths of
time after deposition., After determining which mathematical
model best fits the plutonium urinary excretion data and

what values to assign to the parameters in the model,'one can
then calculate the amount of deposited soluble blutonium which -
the mathematical model indicates would result in the exhibited
excretion rates.

The term "soluble" plutonium refers to that internally deposited
plutonium which, at some time during the period of deposition,
becomes soluble in the body fluids. For evaluation purposes,

it is assumed that essentially all of the solubilized plutonium
is subsequently deposited in the bone structure, with a small

~ percentage being excreted at a very slow rate. No mathematical
models and no detection or measurement techniques are available
to permit the evaluation of that plutonium which might be
internally deposited in insoluble form and remain permanently
insoluble to the body fluids.

For evaluation purposes, the "soluble" plutonium deposited is
considered to consist of "initially soluble" plutonium and/or
"initially insoluble" (less readily-soluble) plutonium.
"Initially soluble" plutonium is defined as that plutonium

Cd
L4
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which becomes solubilized by the body fluids within a few hours
or days after being taken into the body, and hence is present ]
in urine samples collected within a few days following intake.
"Initially insoluble" plutonium is defined as that plutonium
which is not solubilized by the body fluids during the first
few days following intake, but does begin gradually to be sol-
ubilized after several-weeks or months have elapsed. In deter-
mining whether the soluble plutonium was deposited in initially
soluble form, initially insoluble form, or in both forms, the
evaluator fits the plutonium urinary excretion data obtained
following the deposition to mathematical models describing
excretion rates to be expected from depositions of initially
soluble and initially insoluble plutonium., The model(s) best
fitting the data is then used to calculate an estimate of the
amount of soluble plutonium deposited.

A. Theory

The model used to evaluate the amount 'of initially soluble
plutonium deposited was derived by W. H. Langham.(l) Langham
derived the following equation to describe the rate of urinary
excretion of initially soluble plutonium entering the bloodstream
following an acute exposure, regardless of the mechanism by
which internal deposition occurs:

-0.74

X = 0.002 Q_t (1)

In this equation, "t" is the number of days elapsed between
deposition and sample collection, while "X" is the predicted
urinary excretion rate of initially soluble plutonium after

"t" days, expressed as a fraction of the initial deposition of
initially soluble plutonium, Qg+ ~ Solving equation for Q, yields:
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X

Q = 0.002¢70-74

B. Application

Equation (1) indicates that the plutonium urinary excretion
rate decreases logarithmically as the number of days between
deposition and sample collection increases. For a given value
of Qo' measured in 4/m, equation (1) can be expressed graphically
as a straight line with slope of -0.74 when varied values of

t and X are plotted logarithmically (with "d/m excreted per day"
as the ordinate and "number of days elapsed" as the abscissa).
Hence, if one plots analytical plutonium urinary excretion data
(Erom a person who received an internal deposition of initially
soluble plutonium on a known date) logarithmically versus the
number of days between deposition and sample collection, a
straight line with slope of -0.74 can be fitted to the plotted
data. Furthermore, substituting the X and t coordinates of

any point on the "fitted" line for X and t in equation (1)'

will yield the estimate of Q provided by the application of
equation (1). 1In practice, values of t = 1 day and the
corresponding value of X are substituted into equation (1)'
since with t = 1 day the equation reduces to the simple form

%% ooz

III. HEALY's MODEL FOR INITIALLY INSOLUBLE PLUTONIUM

A. Theory

The model used to evaluate the amount of initially insoluble
plutonium deposited was derived by J. W. Healy.(z) Healy
derived the following equation to describe the rate of urinary
excretion of initially insoluble in the lung or other metabolic
pool"....isolated from the normal metabolism of the body but

g
L d
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continually injecting plutonium into the bloodstream at a rate -
dependent upon the character of the deposited material and
relevant physiological processes.":

At 0.74

E = 0.002 3,0, 'Re™" (r-t)~ at (2)

u

In this equation, EL = the daily urinary excretion rate of

initially insoluble plutonium expressed as a fraction of the
initial deposition of initially insoluble plutonium;

AS the rate of solubhilization and transfer to the

bloodstream of initially insoluble plutonium;

Q° = the quantity of initially insoluble plutonium deposited
in the body (and retained in the body following the initial
clearance from the lung by ciliary action, in the case of
deposition by inhalation); _.

A = Ag+Ae = the total rate of transfer of initially in-
soluble plutonium from the.lung or other metabolic pool,

due to solubilization and transfer to the bloodstream

(and ciliary action following initial ciliary clearance

in the case of deposition by inhalation);

R = the number of days required for initially insoluble
plutonium to be transferred from the lung or other metabolic
pool to the bloodstream.

Although equation (2) is not integrable, the integral has been
solved for several values of A, R, and t by expansion of the
exponential term. The "A curves" thus obtained are used in
solving equation (2) for the quantity of initially insoluble
plutonium, Q,, deposited in the body. Healy demonstrated that
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Ac, the rate of transfer of initially insoluble plutonium from

the lung via ciliary action (not including initial ciliary
clearance), is on the order of ten percent of A. Thus, Mg can
be assumed equivalent to Afor all practical purposes. Of course
in cases where the metabolic pool is not the lung but some other
site, such as a puncturc wound, Ao is inapplicable and Ag is
thus exactly equivalent to A. Substituting X for Ag and solving
equation (2) for Qo yields: '

Q = Ey - (2)°
0.002A lge “At (r-¢)-0.74 at

B. Application

Several "A curves" have been prepared to permit one to solve
equation (2)' for Qo. For each A curve, Awas arbitrarily

- assigned some given value. Then, values of. the integral. were
determined corresponding to the value assigned to A and the
several values assigned to R, the number of days elapsed be-
tween deposition in the metabolic pool and subsequent excretion
in the urine. The values of the integral have no units, but
express the relative excretion rates predicted by the integral
at various times after deposition, for the value of A assumed.
Thus, plotting logarithmically the values of the integral
versus the corresponding values of R yields a X curve, for

the value of A assumed, which represents the shape of the
excretion curve predicted by equation (2)' regardiess of

the magnitude“of Qo. The appropriate value of XA to use in
evaluating the amount of initially insoluble plutonium urinary
excretion data logarithmically ("d/m Pu per urine sample" as
the ordinate versus "number of days between deposition and
sample collection"” as the abscissa") and experimentally deter-
mining which X curve best fits the plotted data.
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Equation (2)' can then be solved for Q, by substituting for

Bu and the integral a pair of values corresponding to any given,
number of days post intake. 1In practice it is cenvenicnt to
choose the maximum value of the integral and the corresponding
maximum value of Eu' the maximum excretion rate (expressed in
units of d/m per sample) as determined by the A curve fitted to
the plotted analytical data. '

IVv. MISCELLANEQUS CONSIDERATIONS

Comments on several points are warranted to assist one in under-
standing the techniques, procedures and assumptions utilized in
evaluating the amount of soluble plutonium deposited in a person.

A. Detection Levels

The analytical detection ievel for plutonium urinalysis has_
changed over the years as improved analytical and countiﬁg
procedures were developed. The following table indicates these
changes. 1In order for an analytical result to be considered
"positive" it must be equal to or greater than the detection
level in effect at the time of analysis.

Detection Limit

Time Period : "{d/m Pu Per Sample)

Prior to June 1949 0.66

June 1949 to December 1952 0433

December 1952 to January 28, 1953 0.18

1/28/53 to 3/27/53 0.15

3/27/53 to 11/7/53 0.05 )
11/7/53 to 12/4/53 0.07

12/4/53 to present 0.05
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B. Interpreting Plutonium Urinalysis Data

Currently, a person is not confirmed as a plutonium deposition
case unless valid positive plutonium urinalysis results have
been obtained from at least two samples collected from the

person. Preferably a minimum of five samples are obtained,

.with the evaluator using his discretion during evaluation should

both positive and negative results be obtained. For this study

only a positive deposition evaluated as > 0.0001 uCi Pu is
included.

c. Sample Collection Period

The models for evaluation of initially soluble and initially
insoluble plutonium both involve the daily urinary excretion

rate of plutonium; that is, the amounts of plutonium excreted

in the urine during 24-hour periods. Hence, the urine samples
analyzed must be representative of such plutonium excretion.

In some cases persons to be sampled are instructed to collect

all urine voided during a 24-hour period. However, in most

cases the person is requested to collect a "simulated 24-hour
urine sample" (sometimes referred to as a "48-hour urine sample").
Such a sample is to consist of all urine voided one-half hour
before retiring and one-half hour after rising on two consecutive
days.  Such a sample is assumed to be equivalent in plutonium.
content to a 24-hour total urine sample collected on the date
spanned by this sampling period.

D. Discrepancies in Recorded Sample Dates

At one time the date that sampling equipment was delivered to

a person's home was recorded as the sample date on the analytical
cards and various other records. (There are also a few in-
stances where it is obvious that the "sample date" recorded

was actually the date the sample was picked up from the person's
home.) Effective with sample dates listed as 9-28-62 or later,




-54-

the listed sample dates are correct; that is, the listed sample
date is the day following the equipment delivery date. In cases
where evaluation of a person's plutonium deposition involves
the use of data from samples obtained prior to 9-28-62, current
practice is to list the "Sample date" as previously recorded
(to preserve agreement between records) but to treat data
obtained prior to 9-28-62 as though the sample dates were one
day later when calculating the "number of days post intake"

and when plotting the data. (Actually the only effect these
one-day discrepancies have is one of nuisance value, since
shifting the data by one day has little or no effect on the '
estimate of the amount of soluble plutonium deposited.)

E. Maximizing Estimates

‘Current policy is to perform evaluations so that the estimate
of the amount of internally deposited soluble plutonium is ~
the maximum estimate which can reasonably be obtained, in
cases where the data leave doubt as to which mathematical
model or which XA curve best describes the data. Such doubt
can exist due to ({l) variability in the data, (2) complica-
tions resulting from the person's having received previous
internal depositions of plutonium, (3) lack of sufficient time
lapse to permit collection of enough samples to adequately
define the best fitting X curve, etc. In the case of a
deposition detected by receipt of positive results from
routine surveillance samples, the date of deposition is-an
additional unknown. To obtain the maximum reasonable estimate
in these cases it is usually necessary to assume that the
deposition occurred on the day following the collection of the
routine sample preceding the first positive routine sample.
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F. Correction for Previous Depositions

In many cases the pevson being evalvated for a peotential internal
deposition from a current incident has received an internal
deposition from a previous incident. In such cases currently
collected urine samples may contain significant amounts of
plutonium as the result of the previous deposition, causing

the current plutonium urinalysis results to be larger than

they would be had the person not previously received an ihternal
deposition. To avoid an obvious overestimation of the added
deposition, if any, received in a current incident, it is
necessary to "correct" or "adjust" the current data to take

the previous deposition into consideration. This is accomplished
by subtracting from each.of the current data the amount of
plutonium present in the sample as the result of the previous

" deposition, as indicated by the current excretion rate pre-
dicted by the excretion cﬁrve which has been fitted to previous
data in evaluating the previous deposition. The same situation
applies in the case where the data indicate that a person
received depositions of both initially soluble and initially
insoluble plutonium from the same incident; that is, the data
must be corrected for the influence of the initially soluble
plutonium before one evaluates the amount of initially in-
soluble plutonium deposited.

G. Meaning of Estimate of Initially Insoluble Deposition

It should be emphasized that an estimate of the amount of initially
insoluble plutonium deposited is not an estimate of initially
insoluble plutonium which has been solubilized and transferred
from the metabolic pool. Rather, in accordance with the

theory underlying Healy's model, it is an estimate of the

total amount of initially insoluble plutonium deposited which
eventually will be solubilized and transferred from the metabolic
pool, whether that pool be the lung or a localized deposition

»

at a puncture wound site. ’
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H. Reporting Units

The examples presentec demonstrate the mechanics of obtaining
an estimate of the amount of soluble plutonium deposited, ex-
"pressed in units of d/m Pu since the,analytical.results arc
calculated and plotted in units of d/m.Pu per sample. In prac-
" tice, the estimate of the amount of soluble plutonium deposited
is converted to units of microcuries (uCi) of plutonium de-
posited by dividing d/m plutonium by the conversion factor of
2.22 x 106 d/m per uCi. This estimate is then expressed as

a percent of the maximum permissible body burden (MPBB) of

0.04 uCi soluble plutonium listed for occupational exposure

in the National Bureau of Standards handbook 69,(3)

ing bone to be the critical organ of reference.

consider-
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EXHIBIT #13

EVALUATION OF AMOUNTS OF INTERNALLY DEPOSITED Pu-241

General

The body burden of plutonium-241 deposited within a person as
the result of involvement in a known or assumed radiation
occurrence is calculated based on the ratio of plutonium-241
activity to the plutonium-239* activity in the material in-
volved in a radiation occurrence. This method assumes that

the fate of plutonium-241 in the human body is the same as for
plutonium-239, The long-range program is to develop a practical
method of directly measuring the plutonium-241 quantity in
biocassay samples.

.Calculations

Let A = the amount of normal plutonium** (in ug) that results
in one body burden of plutonium-239, inferred from measurement
of alpha activity in the urine specimen. Then:

(0.935 A pg Pu?3%) (6.14 x 1072 uci ) + 0.060 A ug Pu??)
ug Pu239)
(2.21 x 10° uci = 0.04 pci
L

and A = 0.566 ug Pu

Therefore in a measured body burden of plutonium there is:

239 239

or 81% of the Pu MPBEB

240 or 19% of the Pu24° MPBB

0.0324 uCi Pu
and 0.0075 uCi Pu

If there is 0.566 ug Pu, based on measurement of alpha
activity there is:

(0.566 ug Pu) f0.005) = 2,83 x 10> ug pu?#?
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This is equal to:

(2.83 x 1073 pg Pu?¥ly(1.13 x 102 uci ) = 0.320 pci pu?ét
——571)
ug Pu
241

or 35% Pu MPBB of 0.9 uCi

Therefore: for every measured body burden of Pu there is

358 MPBB of pu’?l,

*The plutonium-239 activity referred to is actually the combined
Pu239 and Pu240 activity, since the analysis includes the total
plutonium alpha activity.

**Normal plutonium refers to a mixture of plutonium containing,
by weight, 93.5% Pu239, 6.0% Pu240, and 0.5% pPu24l,
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EXHIBIT #14

EVALUATION OF AMOUNTS OF INTERNALLY DEFOSITED STRONTIUM=-90
FROM URINALYSIS DATA

I. Strontium Deposition

The evaluation of Sr-90 internally deposited in a person is
accomplished by quantitatively analyzing urine samples for
strontium content and fitting the urinary excretion data thus
obtained to mathematical models derived to express the re-
lationship between the amount deposited and the urinary excre-
tion rate to be expected at various lengths of time after
deposition. The model used is derived from data involving
intravenous intakes of strontium chloride. Beecause this one
model is used for evaluations of all internal strontium de-
positions regardless of the chemical form or mode of intake,
there is a certain amount of uncertainty regarding these”
evaluations.

II. Evaluation Model

’ -
Dolphin, et.al., took the data of Bishop, et.al., and that of
Cohn, et.al., and developed an expression in round numbers for

the retention of strontium-90 following a single intravenous
intake of strontium chloride as follows:

0‘2

v
=

R (t) - 50 exp -0.693t + 50 t
N2.5)

where R is the percent of initial intake retained at time t.

t > (1)

The authors claim that 0.8 of. the total excretion is eliminated

via the urine and since Eu = 0.8 dR, then Eu = 12 exp =-0.693t
dt (2.0)

-1l.2

+ 8t t >1 (2)

where Eu is the percent of the .initial burden excreted in urine
on day t. .
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IIXI. Application

It is assumed that the strontium-90 excreted in the urine on

day 20 post-intake equals 0.2% of the initial intake. The

lack of data reported by Bishop and Cohn past one'year,

coupled with an apparent very slowly changing elimination rate
suggests that the amount retained at one year (v15% of the
initial intake) be considered as the amount permanently retained.
The total amount of strontium excreted in the urine collected
during the first three days post-intake is agsumed to be ~30%

of the initial intake. If a significant amount of strontium

is measured in the urine excreted in the first three days post-
intake, additional biocassay sampling is scheduled. The evalua-
tion of the amount of strontium initially deposited in the body
is normally based on the average of the strontium activity
excreted in the urine on days 19, 20, and 21; however, an
estimate can be calculated based on biocassay data collected at
any date using equation (2). The amount of strontium permanently
deposited in the body is then taken to be 15% of the initial
intake.

IV. Conclusions

The total plutonium body burden resulting f£rom normal plutonium
material taken into the body is assumed to be 1.35 times the
measured body burden based on plutonium alpha activity in the
urine. '

241 ontent exceeds 0.5% by weight of the plutonium

If the Pu
mixture, it will be- necessary to make special determinations

of the total plutonium body burden.
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EXHIBIT #15

CARD PUNCHING OR VERIFYING INSTRUCTIONS
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EXHIBIT #15 (contd.)

CARD PUNCHING OR VERIFYING INSTRUCTIONS
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/‘ P TT AT E TSR TINIINI2eS 2612262908 3132303495 06 30303040 4142434843464 404930 1323110359657 S0SUUOS15T6I64 43 648740601 121314 3 T602 IR 00 - 12

b

|1)450tuonnnunnuuwunnnuuuﬂ3nnnuuuuunnunuuuuuuuu«u»nuuJMNMn”unuununnunnnnnuuunnnux3

t

-

J
ltl-slrllwnunuunuunnnunnun4nnwunnuununnuuuuuuuuuuuMnuluunuuunuuuuuuuuwnnuuunnuuull

CARD FIlELD COLUMNS lruncTion= REMARKS
FROM TO
' Social Security No. 1 9 N
* Constant 10 | 11 N "20" insert "2l replace
s ] Yr Mo Da
' Incident date 12 17 N XX XX XX
* payroll No. 18 | 22 N
> Initials 23 | 25 A 1st, 2nd, & lst of last name
® Last name 26 | 43 A
” Organ 44 | 47 A Syst
* Element code 48 49 A
* Element number 50 52 N
o, in uCi X.XXXX Do not print
Result value 53 57 N decimal--for alignment only
. Positive flag indicator (P or
Flag 58 blank)
'*Plag 59 (A or K) Assumed or known
'lFlag 60 (I or W) Inhalation or wound
“Flag 61 (T or D) Terminated/deceased
“offsite 62 63 See attachment to Exhihit 232
TOTAL KEY STROKES PER CARD
DATE SECTION PAGE

®o samn pnr t s coy S8e me mist bma s e




CARD PUNCHING OR VERIFYING INSTRUCTIONS
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EXHIBIT £#15 {contd.)

JO8 NAME JO0B NO. FREQUENCY ESTIMATED ESTIMATED
Internal Deposition Coany Qmonrury N R s
(Used since 1972) Cweexkey Oavarrenty '

{(contd.)

[Jer1-weexry
lemn-uonn«.v

Oannuan

E]OTHER

PROGRAM

/] 1234361 89N NNNNISS U0 NI 16 12282930 032033625307 300040 4147426834647 484050 31875313536 9T 1ASHEIELETRICAEI SEETCAMNII NI ITIIN SN Y nwjll

-

i
) llll!l'C’w“ﬂﬂ"ﬂﬂ"u“ﬂﬂﬂﬂﬂ"ﬂ3"””“"”“““"“”“"ﬂﬂ“““"u“uﬂ””3”“"“”“““““““"““”ﬂ"""ﬂ"""“”l]

A1 210582 0 NN N2220202526 4 201930 010233343526 37 301940 H1424244 434647484930 315293 4 3536 STIBIICT C16263 006366676058 10 Moz se s N e am| 4

CARD FIELD

COLUMNS

FUNCTION®

FROM TO

REMARKS

3

" Healy Lambda

64 67

Ra=X
[Example: A=.001 -+ 10-2]

2 PU/AM ratio

68 70

do not print decimal--

XX.X it is assumed

* pate of death

71 74

XA AX
Yr Mo

4.

12.

TOTAL KEY STROKES PER CARD

DATE

SECTION

PAGE
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EXHIBIT #16

CARD PUNCHING OR VERIFYING lNSTRUCTIONS

100 NAME

In-Vivo Examination

Ll

8 NO.,

FREQUENCY

Coatey

Oweexey

ESTIMAY,
YU
woums

LST'MA TLD

Omonthuy YOLuUMF

Clevanienuy

Temins

Type 2 [ oi-weerey Oannvac
[]sm.u-uourm.v Dotnan
PROGRAM
/2I 127343628300 uuununu-nsnnnmnﬂZmnamuuusxuuuuo (I“ll“li“"ltl)”!!ﬂ”lzli“!l“lliﬂ!lﬂl.\“(l“"ll"nl| nIuIRNIENG ‘2
J[ T 2349673 9901210801800 02223242378 3202920 003233042538 17 303943 4142 4344454547 434933 !l”!!3!!"!’l!l””'ll"l“”“"“ﬂm"’”ﬂt"-’"?lll!lc! 3
[} l PO E TN SN AT00 12220202576 £ 232930 2129024393097 102340 1474444345 47494390 913290 & 3590 ITINTICOKIE2EICACTCEAI0OSEIO NI NI IE I Y Illdi §
CARD FIELD coLumMmnNs FUNCTION® REMARKS
FROM TO
" Record Type 1 2 02 = In-Vivo Examination result
* system Identification| 3 5 In-vivo examination
* Payroll Mumber 6 | 10 T
“ Date of Count 11 | 16 mo., da., yr.
. Count time 17 20 24 hr. - blank if not indicated
6. Wbdy, Head, Wund, Thyd Lung,
Organ counted 21 24 14and . Other
7. ‘|Purpose of examlnatlon - N Hire,
Count type 27 32 TERM, Routin, UP Exp, Other
8. Codes assigned:01=VWhole Body
Counter type 34 35 Counter, 02=ILung, 03=Head,
’. 04=Wound, 05=Thyroid,
07=Mobhil WBC
1. Na- 37 42 X.X-XX express in whole number
rounded to tenths with exponent:
"R 44 49 Same as above
2. Zzn 51 56 Same as above
B-Cs 58 63 Same as above
4-O0ther f{iCi 65 70 Same as above
' Other element name 71 | 74 Right justify
TOTAL KEY STROKES PER CARD
OATE SECTION PAGE

————————



oo —

EXHIBIT £16 (contd.)
CARD PUNCHING OR VERIFYING TNSTRUCTIONS

JOO NAME JOB NO. |FREGUENGY CITIMATED| rerrea-zy |
. \ Cloasy (Juonrruy | __Votumec ”6‘»_5 o
In-Vivo Examination [Jweekey evanrency ‘ '
Type 2 (Cont.) (loi-wgexey {Dannuac ;
[j,sma-mo:unuv L-_]o'rncn - .

PROGRAM

/fl 1294560 8 UM IE 1010 02220202378 12202900 380203342330 07 383040 1 AT 4344434647 404030 319293123338 37 SNINAICIC2EIRACI BEOINARN IO N 12 IR 10 I IC LI s Q2
t

!
3

12388 608 9 DNRIIeS NI TNIIIIICISIE I 207939 12T IDI€ 93633 D0 3943 414 4T €3 1647 68493 315293 J 93257208900 616203608368 67008923 Ny NN TEIE I et 3

TIIES 6T I RN IS 02 212723242525 4 263900 3002 330C 38 1630 203340 0 424346 434647 034830 515793 & 59652503960 GIETEISAASEEET 606900 N 2SI SIS 1Y Ty "l:! 4

CARD FI1ELD COLUMNS leruncTiONS REMARKS
FROM | TO
' Other element number | 75 77
2. Action Code 78 . I=insert,D=delete,R=replace
1. < T
¢ Note - If <MDA insert| *
5. If Trace insert **
5. If Questionablp insert #{**

7. (always justify left pnd leave |[blank)

12.

13.

TOTAL KEY STROKES PER CARD

DATE ) SECTION

PAGE
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EXHIBIT %16 {contd.)

CARD PUNCHING OR VERIFYING INSTRUCTIONS

JOIB NAME

In-Vivo Examination
Type 3

Jou Mo, [FREGUENGY

l.'s*rmunn-l [8VIMaTL:.

[ Joawy [Imonshey  |.yvrwnt i A
CJweency Fouantency

CQo-weexey Oannuac

(()semi-montroy [Mormen -

PROGRAM

/é‘l!!li‘1l!N“ﬂu"“!"uUN"NH“H“R“"N“””N““"”"“lNNHNNHHNHMHHﬂﬁ”“HHNN“MNHN“HNHMHNUHHH”HﬂﬂI

|

3 llrlxlll!wnwuuuunuunnnnuunJunmnuuunununuuuuuuunnnnﬂnn3uuuu”unnnuuunnumnnnuuunuuu.E

F Y

T2 A3 67U S MO ISE 2020 200229242526 4 252990 00323034 25 36 0 I 3840 41 4243444945 47434990 588233 & 5556 5T SASCO S162EICASANCIERN0 M2V RTIIE 03] ¢

CARD FIELD COLUMNS lruncTion* REMARKS
FROM| ToO

. Record type 1 2 03=Continuation of "02" card
z. Record type which has idéntical
3 date, time, and orgén counted
4 System Identification} 3 5 In-vivo examination
5. Payroll number 6 10
s-Co.unt date 10 16 mo., da., yr
7-Count time 17 20 24 hr-blank if not indicated
8. Organ counted 21 24 Wbdy, Head, wWund, Thyd, Lung,
9. Hand, other ‘
19-1st Other element uCil| 26 31 X.X=-XX
1:1st Other element name32 35 Justify to right .
2.1st Other element & 36 38 Justify to left
13-2nd other element uCi| 40 45 Same as lst element
14.2nd other element namedé | 49 ° Same as lst element
15:2nd Other element § 50 52 Same as lst element
TOTAL KEY STROKES FER CARD )
DATE SECTION PAGE
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EXHIBIT #16 {contd.)

CARD PUNCHING OR VERIFYING INSTRUCTIONS

JOB NAME JOB NO, FRULUQUENCY ESTIMATED I'S'll;;l.; r.: '-'—‘{
; i ami : Cloany Owonrrey | yorume | 1w
In-Vivo Examination Clweesey Dleuartuacy ROURL L reres
Type 3 (Cont.) {Joi-weexey Clannuan
Dsam-uowrm.v Dorusn

PROGRAM

/I 1234882400 RNBUN mnlummsanunnuumununum 424344434842 084330 313233 [¢ $3 3637 30984061 G2 D444 GEEIRICINB NI N IR T ﬂlii Q—l

Il v 23686 7 0 9IS 10 13223202926 3202939 21923330330 97 392900 €147 4246 €546 47404939 303733 J 159637903940 6167 8I6 SIS CICIEIII N IITI NI NI TITINT L 3

Al rraast s ranuunRONNIe NN 4 201313311233343808 20 381949 unuuauun'uuuuts)4suulsuucuuuiuuunnnonnulusnnu:wgi ]

CARD FIELD COLUMNS FUNCTION® REMARKS
FROM TO

1. 3rd Other element pCi| 54 59 Same as lst element’

2. 3rd Other element name 60 63 Same as lst element

s. 3rd Other element % 64 66 Same as lst element- -~

«. 4th Other element uCi} 68 73 Same as lst element

s. 4th Other element name 74 77 Same as lst element

. 4th Other element # 78 80 Same as 1lst element

7.

8.

2.

10.

',I'

12.

13.

14.

185,

TOTAL KEY STROKES PER CARD .

OATE SECTION

PAGE
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EXHIBIT #16 (contd.)
CARD PUNCHING OR VERIFYING INSTRUCTIONS

JOB NAME JOB NO. |FREQUENCY esTimateD| EsTmatec
In-Vivo Results Loy Ouonruey voruMs novnsYIM'i:se'-9‘
Card 1 weexey Oovanrrency
(Used si 1972) Mar-weexLy Oannuar
€ ince Oseowi-montuy [Hortmen

PROGRAM
ﬁ,|lStllln:muuuuuununnnunnunﬂnnnunuuuunununuuuuuuuunuuuﬂuuunnnunuuuunuunnunnuunnwnzmg
Lo

3 'l)l!!7liﬁ“ﬂﬂ“ﬂ““"ﬁﬂﬂnﬂ“ﬂ"3“”“”"“””“”“”“nuuuﬂ“"u"“ﬂ”“3””"“”“"“““u“ﬂﬂ“n"n""ﬂwnnn"-]:
L]

4 ll)t!\!tsnnnuuuununnnnnunutnunnnnuuunnn«uuuuunuuuun?uluuunaunnunuuunnmnnuununnwuili
CARD FIELD COLUMNS lruncTion* REMARKS
FROM TO P
! Social Security No. 1 9 N f
* Constant 10 | 11 N "40"
3 Count date 12 17 N Year, month, day sequence
4 Organ 18 21 a Head, whole body, lung
i
> Ccard No. (1) 22 N |
® Count time 23 | 26 N
7 Payroll number 27 | 31 N
o OI=whole body U2=lung 03=hea
" Counter type 32 33 04=wound O05=thyroid O06=hand
0 07=mobile .
do not print decimal--tor
1% 1st count value 34 | 36 X.XX alignment only
' Exponent sign 37 + or - :
'* Exponent 38 | 39 i
(Uy=positive (l)J=<detection leve!
B-Plag 40 (2)=trace (3) questionable
'4:2nd count 41 | 47 Same as 34-40
% 3rd count 48 | 54 Same as 34-40
TOTAL KEY STROKES PER CARD
DATE . SECTION PAGE

S4-3000-526 { 3-66) ALZC-AL MICHLAND. wasw



CARD PUNCHING OR VERIFYING
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EXHIBIT #16 (contd.)

JOB NAME

In-Vivo Results
Card 1 (contd.)
(Used since 1972)

108 NO.

FREQUENCY
DOoany
Oweexey
(Joi-weexey

O soi-monthuy

INSTRUCTIONS
ESTIMATED| ESTIMATFG !
{(OmonThLy yoeumeg | TIME ;
- TR B0 T ol S|
Clouuan-:m.v ;
[(Dannuan i
C]o'rneu - |

PROGRAM

™)

|:;.s;yggm"nuuumnuunnnuunn3uumnuuununnnwuuuuu«uununnuluunuuuﬂuuuunuuuwnnnnuunnuu k]

/2‘ 23 A BT B AN IR NNNNNNI27879303 0233303538 37300040 16203 1043484748400 313293 [2 353637 SUNEOG1ATEIEA 63 6667 006823 M ITIT 1A 13 14TV A 20000 IZI

-

T2 36961 0 9t ITINIgIe 2225202526 4 282909 3002330435 36 3703940 142 4J 4445847 484030919250 4 1538923839460 G2 RIREICERTsas O N2 I TS 26 e g 4

CARD FI1ELD

COLUMNS

FROM

TO

FUNCTION®
.

REMARKS

- 4th count

55

61

Same as 34-40

2. 5th count value

62

68

Same as 34-40

3. 5th count description

69

75

4 Count type

76

80

(1T N Hire, (2} Other, (3) Term,
(4) Routin, (5) UP EX

.

13.

14,

15.

TOTAL KEY STROKES PER CAROD

DATE

SECTION

®s maman wvam i 5 ey 200 ms avmres e

PAGE
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EXHIBIT #16 (contd.)

PUNCHING OR VERIFYING INSTRUCTIONS

JOB NAME

In-Vivo Result Card

L] 2"

or

1] 3"

— ——
JOB NO. |FREQUENCY ESTIMATED| ESTIMATCC

Cloawy Omonruuy  |_VOLume 1 __Time

‘:_" WOURS TCwvm

{_JWEEKLY Douua*rem.v \

:

[Je1-weexry O annuac :

;Bsmx-uou'rm.v Doruea . J

/A

(™)

PROGRAM

1134987 130NN NBKITINRNITNNINNIZIEI 011223435 117303040 1147434045 4547 404930 213233129838 7 S0SHA0 M E20ICA 3 GE 67680970 110213 M 13 TR DT TR 1949 ¢ 2

i
13343 8T8 SN0 72223202828 3202933 5002393438363 36 9940 414743484545 474649505132353 J 95647309900 61420304 636862606328 NIII A IS I I 1903 k)

-~

P23 48678 3BNITNISMI N30 02203202528 4292030250233 30 28 36783942 M1 424346454547 404350 915230 4 53637505980 1C2EICUTECCICREY IO N 22T Ney lH”l!)lB_i 4
]

CARD FIELD COLUMNS | -uUNCTION® REMARKS
FROM TO

\ Same as Card 1. Card 2 for
' 1| 22 other counts 1l-4. Card 3 for
.. other counts 5-8.
) X. XX do not print decimal--
Counts value 23| 25 (1 or 5) for alignment only
‘ Exponent 26 Sign + or -
"Exponent no. 27 28 (Vvalue exponent power of 10)
6. (0) positive, (1) < d.l.,

Exponent flag 29 (2) trace, (3) gquestionable
" pescription 30| 386
> 37 50 Repeat 23-36
> 51| 64 Repeat 23-36
0.
' 65| 78 Repeat 23-36
1
12.
13.
14. i
[§-
TOTAL KEY STROKES PER CARD
DATE SECTION PAGE




_72- @GN mme et M Bl A PTE G Teete B A Y W et afs s Sl b bats e BT s ET e A v e -ne v -
e . EXHMIBIT NO. 17-A o
oo o " HANFORD THNTERNAL EXPOSURE

SSN 021 1& 31?¢ RAVE John Q. Do

DEPOSITIOM FECCROS

COINCICENT T SYSTEvIC

. -.POSITIVE _ .

FESULT
FLAG

FAYRCLL NUMBERS 605010 05963

ASSUME s/ INHALATION/ TERMINATEQ/ . .
KNCHN HOUNC JECEASED OFFSITE HEALY
_FLAG E\AG ELAG CO0f_ ___LAMPDA.

OATF NUCLICE AQURGEN

s0CECL  PU23E . e010

-...600€01 . _ . PU241  _ ___ .007¢ ...

610101 PU230 « 10014
510203 0 PU24Y 0001

-00
e e e . . -0
-0

- [EE—— ... .

6211061 PL239 « (028
—--521101 . ______PU2&I ___  _,0221

-0

Hoq:::L:::::z
)

561001 PuU23C L0031 K -0.

651001 BU241 . _.C245 oK e e L =Da
IN VIVO CHEST FEXAMS ——
- DATE. .___ RESULYS __ ) e e .

—..200909 ___ __ 7.90E-0b e e

720127 9.60E-34

230412 1.00E=02 _ _ ... __ e e e
e e e e




t-ﬁ!UAL DOSE COMMITPFMTS TM PFr FéC™ IMNCICELT 4 &

EXUIBIT NO. 17-B

IMHALZT ICH .
DATET 10 1 64
PU 219 PU 241 TOTAL
——. e m—— Lt e wm . REWOCOGAeaReaAnO®nm STEE Aewen eOEAneer .. Mababal- 5 Satak b S ot il ittt d e 2 — ——moameSoeEeoEeERT eSS ees == —_mmosamee
LUKG LYMPN BONE LIVER LUNE RCLTS BCNE LIVER - LUNG L YMPH BONE LIVER
—-YEAR_ ___ ___3CSE . .. LOSE..... DOSE_____DASE_____ - PGSE .. ._DOSE. .. .00SE . . DOSE 00SE_...—__NOSE ... DOSE__. ._ DOSE...
1966 2.u20 1.795 . og .003 .7 . 005 <100 +000 2.u27 1.801 .005 -003
e 1967 74764 31,228 127 .. . 070 e LTT . 4290 001, 4001 . 746861 34.115 +128 «071
1968 £,423 5h.326€ . 329 .181 o7 .89 .005 .003 5.540 57.220 «335 .184
1969 3278 ___ bzafSS._ . WE35 . —a29Y L aM2€ 1.514 Q13 +007 Ja9M1h ___6F4BI. .. 540 . e300
1970 2,637 59,145 * .723 «393 . 119 1.716 .023 .013 2.751 60.861 « 746 «406
1970 . La83G. L SZlZB4 .. . .a 8B . . W7 . . aA06....._. 14299 .. ...035 _ .. _.019 _ . _. 1.938 54,084 L e919 L. <497
1972 1.278 T 1.015 +546 .087 1.721 . 048 «D2E 1.364 45,865 1.064 <572
e X9P3 . a390 . 26,9320 14120 .599 ... W L70_.. . 1e54S . ... .062 e033. . ... 960  .37.677 1.182 . .. +632.
1974 «620 28.919 1.:01 «638 . (55 1.324 .076 «040 .675 30.243 1.277 677
1925 432 27252 1.262 +h88 QW3 1,097 . .049. 04 E 475 _23.88% . _1.351 . .781
1976 . 301 17,671 1.307 <683 . (33 884 .102 .052 « 334 18.557 1.408 .736
2977 o210 13,579 .. 1a339. __ . w696 _ . _f25 . _...B98. ___ .113. .. .. 2058 ... 234 144277... . L4452 752
1978 TY 10,363 1.360 .700 .C18 o St2 o124 «063 +164 10,865 14405 «763
—_— 1979 . __.102 . _.7.820_ . 1.3T% .79 Lo fLh | L abiS . CeA35 . 0BT ... _e145 84235 . _..1e509 . .. 768
1980 .071 £.E77 1. 182 «699 . 010 « 310 e1lt .071 .08t 6.191 1.526 770
1981 2069 4,393  1.385  .6%6 . ff7 .236 .15} L07% 20587 4.6F_  1.538 189
1982 «034 3.26¢ 1. 385 -687 . (05 .176 .160 .078 040 3 bbb 1.545 ° <765
——1983 0024 iak22 1,382 ____ .6BO_ T 4130 168 —aDab___ 028 2.552 . 1.550. . ___.760 .
1984 .017 1.788 1.378 «671 .03 . 096 o174 .083 +019 1.86% 1.582 <754
1989 o012 __Sedtb. . . 1.372 ___ _a662_ _ ______Jf02.__._. e D70 . __e18D ... _e084 . . ____._ o015 . _1a30& ... 1251 . ... o746 _
1986 .00% «966 1. €4 «652 . (01 . 051 «185 «086 .010 1.007 1.550 .738
1987 L0068 _a703 1,351 2642 01 2037 +190 W087 ___.00Z 255 1,547 2724
1984 .00¢4 -51€ 1. 348 «632 . 01 . 027 «194 .088 005 T 1.543 .720
1989 2003 a8 14340 621 2 001 o020 . «198 . «DB9 003 a396_ . 1538 . _710_
1990 .002 27 1.0 .611 . (00 «014 .202 .090 «002 .288 1.533 .701
—_—-—19% -sfoy 2199 16322 2601 L (D0 . 010.__ ... .4206 __ .  _ 090 ______ .002 . __ __ ,209 1527 .. a691_
1992 .00t . 104 1. 213 «591 . (00 . €07 .207 .090 .001 .15% 1.520 «681
1993 _.0p014 2106 1,304 _ L.581 = .(00 _  L,005 _____ .210 =090 1001 «110 1.513 2678
1994 .000 . 175 1. 394 .571 . (00 . 004 .212 .090 .001 .079 1.506 <661
31995 ______ 000, «C56 __ - 1.285 = .561 _ . .(00 « 003 0218 030 + 000 ) 12 10499 651
1996 <000 . 139 1.%276 +582 . oo . 002 .215 .089 .600 <041 1.491 a6kl
1997 _+00% . 2028 . 1.267 « 542 o029 .00t 2217 . 4089 .000 _+030 1.48) 631
1998 .000 . (29 1.25¢ .£33 . €00 . (01 .218 .089 . 000 <021 1.475 .622
1999 «200__ ... s 015 12249 +524 + 000 +£01 =219 .088 . 000 015 12467 2612
2000 000 <010 1,240 «515 .009 - 001 .219 . 087 .000 S011 1.459 «602
——2001____ 000 .. o008 _ 1,828 2506 «£00  _ _.000____ _.220 <0686 «000 . «008. L2451 . _.593_
2102 «000 {1 1,222 S497 . €00 . 000 .220 (08¢ . 000 .006 1442 «583
2003 «000 o (0 1.213 B9 ___ L0000 _ .000 ___  .220  .03% _ - 000 L2004 _ 4433 .e574
2004 .100 «002 1. 204 b8l . 000 . C00 .220 084 <000 .003 14425 564
—r 005 +000 2€02 _ __ 1,196 ___ .b72 = L020 __ ___.000 . _.220 ___ _.083 2000 2002 1.41€  .955
2006 .a00 NI 1,187 YT . C00 Y . 220 .082 . 000 .001 1407 <546
—— 2007 _ ... 000 (et 14128 . «l436 «C00 . . 000, .. _.220 _ ___ .081% «000 __ «004 . $e396 . 537
2008 .000 .ot 1. 170 c44a . (00 . C00 -219 .080 . 000 <001 1.389 «528
. 2009 <904 . (01 1. 1¢1 o4l . _.t00_ __ ,000 219 . «07S _ . _ ..000 __ _ .081 1.380 #5200
2013 .000 .00 1.153 433 . €37 .100 .214 J078 .000 000 1.371 o511
. 2011 .200 < (9 .18 _ 2426 2000 000,218 . k077 . .. L0000 __ . <00 __.~ 34362 . a502_
2012 -000 «200 1.136 Lutt . (00 « 001 217 «07F . 000 .000 1.353 494
2013 .a0n .ten 1.128 Jett_ . :100 .00 W21 .07¢ £000 . L0008 1.344 486
2014 .ne¢ <00 1.123 S04 . (99 . 203 .215 o073 .a00 .000 1.335 478
2015 .C09 .(co 1.112 .397 .000. . c00 L2106 .07? . 000 .0060 1.32¢ “b70
TOTAL 28.0T  2a3C.L3L 56.f57 26,911 .91 g, 7e> 7.072 3. 15¢ 26 At cas aee ce man .
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EXHIBIT £18

Report of the Advisery Committee on Dose

from Plutonicm and Other Transuranics Recorded on Hanford Tapes

The Advisory Committee has been requested to recommend to the staff of the
AEC-HMS those procedures which it could use to obtain the dose equivalent due to
exposure to plutonium and other transuranic nuclides recorded on the radiation expo-
sure record as part of the Hcaford data available to the HMS. The stoff of the AEC~
HMS will realize that there cre many uncertainties in our knowledge of the transport
and retention of transuranic elements in the body and also in the dosimetry which
might be the best measure of the hazard associated with exposure to these radio-
nuclides. In offering this report at this time, the Advisory Committee realizes this
general area of activity is changing rapidly, and it may be hoped that significant
developmenis in the next few years may make this report obsolete. For example,
the de;:ision of the ICRP to use dose to endosteal cell's near bone surfaces instead
of an average dose to bone for radiation protection is not followed in the recom-
mendations offered below, and, indeed, the ICRP is not at this time implementing
the decision because of the leck of needad biologiczl Uata on aipha emitters, par-
ticularly the so=called surface seekers. It is to be expected that in the near future
somefhing' oetter wiil emer.ge than the present practice of averaging dose over bene
ond using a modifying factor to represent in some measure the hazard due to the
inhomogen.eify of the dose distribution ond the obrorbed dose received by endostaal
cells. The Advisory Commiitee is recommending use of the presenily recommended

procedure for assessment of dose to bone rather than try to guess at data on intensity

of the surface deposition and its =2 of cverlay Ly rew bone, daia which are harcly

available even for experimental animols.
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Likewise, the dose received by respiratory lymph nodes associated with the lungs
is of quite uncertain hazard, and the ICRP presently has not recommended a dose limit
for these organz. Neve:the!a.s, there are s:c=¢ ~nimal, as well as some human, dota
‘ (1-4)

available for estimation of dose, and these are used to arrive at a dese to this

tissue. Here there is more uncertainty concerning the significance of the dose than
there is concerning the level, and it is precisely on questions of this kind that the
HMS might offer some guidance in the future. Thus the Advisory Committee is recom=
mending o procedure for estimation of dose to these lymph nodes, believing it to be.
important to note whether the human data parallel the animal data in respect to the
relati.ve sensitivity to radiation of lungs vs. thoracic lymph nodes and I'he' degree of
translocation of the inhaled material to the thoracic lymph nodes.

It will be.. ev.idenf to the reader that thase are only two examples of the pragmatic

course followed by the Committee. It has tried to provide a fairly realistic assessment

" of dose using presently available data which seemed applicable for the majority of the

cases it was asked to consider~=namely, the Hanford employee exposure cases. 1t has
tried not to invent or use models with little‘ or no background of biological data, being
content to offer dosimetric procedures which are largely those of health physics pr;:ctices
at Hanfora.

It must be realized that 1..e Commitice has used, for the most part, data Eresently
on the computer tepes of the HMS, and it may be that these procedures would not be
occeptable for other installaticns. Mereover, the Committea is concerned that the
models recommended here for dosimetry should not be regarded as final; rather they
represent the Lest compromise the Committee could arrive at, taking into account the
many gaps ‘in the early data and the ropid changes in the available information on

dosimetry of these nuclides. In the Committee's view, it would be most unfortunate
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model. This mode! was originally developed by an ICRP Task Group on Lung Dynamics
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if the dosimetric model proposed below were regarded as more than an ad interim

g

model and were to be enforced rigidly on the HMS or AEC contractors in the future.

Known Exposures-~Inhalation

These exposures will be distinguished on the exposure record by a considerable

"amount of excration data and/or by the presence of data on chest counts. These chest

counts, when available, will provide an elrimir_\ction half-time X\ for long-term clear~
ance from the lung. If only biccssay data are available and if.c Healy-type analysis
hos been used, there will be available an estimate of A, the Jong~term-clearance con~
stant, Actuclly, the Hanford exposure records for plutonium used by the HMS show
on.ly‘ the estimates based on the Healy-type analysis as well as the primary bioassay

dato. The discussion brought out that the clearance half~times were most often of the

order of 700 days, and it was agreed this was sufficiently in accord with the lung model

under consideration by the ICRP to make Tt unnecessary to seek a new lung retention

(4)

~ but has been revised by Morrow and his colleagues. The basic ideas and structure of

the model remain the same, but thare have been considarcb!a chonges in the values of

some of the parameters. . This is particularly true for material depositing in the respir-

atory lymph nodes and in the nasopharyngeal region where l:he present values reflect
particularly the newer dcto.(s'é) A schematic diagram of the model and tables of the
associated values for the parameters and determination of clearance classification are
obpended as Fig. 1 anc.i Table 1 of this report. After discussion, it was agreed that the
700-day half-time was what one rr.aight expect from the Class Y cleagrance half-time of

500 days followed by a further component of clearance half-tim= of some 500~1000 days

for activity reaching lymph nodes. Although long=tarm studies ot much higher exposure
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levels in large laboratory animals suggest neorly permanent retention of up to 70% of
their accumulated burden, at lower levels of exposure a considerable fraction of the
accumulated burden might clear to the blood. This fraction is subject to revision
depending on results of much lower level plutonium exposures currently under way.

It was decided to adopt one ond the same clearance half-time recorded on the exposure
record for pathways e, h, and i which are the only long-term pathways which trans-
port material directly to blood. This disregards the fact that the lung model allows

for 10% of the activity deposited in the lymph nodes remaining there subject only

to radioactive decay. The daota supporting this are all at very high levels of exposure
where oft;ophy of the lymph nodes may be expected to be present. It was further

~decided to ignore contributions to dose by wey of absorption from gut since they are

-y, ——

PuTP

insignificant.

2

In summary:

(1) The estimated long=term deposit in the pulmonary region given on the

(@)

tables represents the deposition clearing to blood by pathways e and h
(see clearance model). This is not the entire intake but is taken to be

equal to ID(fe + fy) and is denored beiow by I

These deposits ara assumed to clecr with an elimination constant A
estimated on the basis of bioassay data. No estimate of deposits with

a short-term clearance half-time in the lung seems possible at this time.
This would require deta on particle size distribution which simply is not
available in most cases and would nat markedly cffect the estimates of
dose to the lung. It may have more iniiuence on dese to bone or iiver,
but this would only be true for the more soluble forms of Pu and does not
seem to apply to most of the Hanford data. In o few cases of exposure
to Am, there may be clearance rates available on the bosis of chest

counts. (See final section.)

-
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(3) In estimating dose to lungs, the material clearing by pathway fg also
must be considered., Howaver, its contribution ‘o the estimate of intake

to blood is negligible as mentioned cbove.

The partiticning of this activity between bone, liver, and "other soft tissues™
was next considered. Although some evidence points to as much as 25% of the
activity reaching blood being deposited in "other soft tissues,™ this hypothesis was
finally re jected becaouse of the rather méoge‘r data on these tissues and the large
extrupolutions that were made on the basis of rather meager sampling of tissues.

This autopsy data, even if valid, would provide a dose of about an order of magnitude
or more less than that to lungs, or liver, or bone, and it was decided to ignore it
for the present. However, further data on exper‘imeni:ol animals or on autopsy cases
may require a change in the model in this respect.
After furthur discussion and a review of some of the data indicating wide varia-
tions in the fractions of activity in bonc.-z and liver and the often meager data on the
chemical form that might correlate with this partition, the Committee decided to
recommend a 45-45% partition of the activit.y reaching blood to liver ond to bone.
This would allow for 1G3% being éxcreted or present in “other soft tissues.® Clearly,
this is ot best a compromise with the uncertain status of most exposure situations.
Hopefully, the deposition would'nof fluctuate by more than # 50% from these values.

The Committee accepted a very long half-time for clearance of plutonium from

bone~--say, 200 years--although the precize value assumed makes little difference in

the dose if it is of this order.
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Data on clearance from liver was reviewed bricfly and led to the Committee
recommending a cleorance half-time of 20 years which is well beyond the half-time
observed for‘ beagles (~ 2000 davs) byt ~f the scme order of magnitude.(7)

The further point was discussed that the lung model shows some shift in the
fractions going through the lymph to blood as one changes from clearance pathway .
Y toW. Discussion brought out that most of the Hanford cases have indicated hclf.-
times of 300 d;:ys or more although in a few cases, the activity appears to belong to
clearance class W. It was decided to always use the value of A estimated on the
basis of the data but to use the class Y portitior: (fo =5%, fh,= iS%) if A<
0.693/250 days ' and to use the partitioning for class W (f, = 15%, f, =5%) if
A> 0.493/250 c;oys". ..

In summary:

(1) These exposures are represented dn the record by an estimate 1’ of long-term
deposition in the pulmonary region clearing via pathways e and h, that is,
V= Ds(fe + fh)l. The long=term deposition clearing via pathways e and h
must be carefully distinguished from the total intake to the lung by inhalation,
I, and from the total long-term deposition in the pulmonary region, If the‘
total intol:: krecthed is 1 and a fraction 05 dueposifs in the pulmonary region,
then le(fe + fg + Fh) represents this total deposition in, the pylmonary region
which clears slowly. This equals 31’ = 3105({’e + fh)'/ Hovwraver, if estimates
of long=-term deposition ora besed on chest counting in the future, the chove

_distinction should be borne in mind os a measurement of lung burden would
correspond 1o an initial pulmonary deposition of activity whuch cle.c:r; si;w-/ly
of IDg(f, + Fg + fh). [t is uncerstood no such data are present on the Hanfo:d

tapes at this time. Also, a time of occurrence (f& ond a clearance rate (A)

are given,

(2) This deposition [’ will be partitioned to pathways ¢ and h with

I
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rfh =0.75 I’ ond 77/ ' =025 if A< 9.693 da o and
{F, +f) (f +fh) ' 250 0
I’f, LR S
h . 2 . - 0. 693 -1
(fe"'Fh) =0.251" and -—_(fe’*'fn) =0.751iF x> 250 days .

Assuming ty = 0, dose equivalent accumulated in the pulmonary region
of lung is estimated to Lo

_ sLix3r(-eM

H }YTEQ
lung M

(N
J 183 N '

in the time interval O to time t days. The factor of 3 represents the long-

)53.3 107 rem

term activity in the pulmOnory region, i.e., fo+f +fh =3(f +fh) In (1)
the quantity 31°(1 - )/)\ represents the yCl-dcys accumulated in the
pulmonary region of the lung due to the long-term deposits. Thus the dose
formula is essentially the familiar one H =51 UEQ/M with U = Ci-days,

E = energy absorbed (Mev/disint) ~ 5.15 Mev for the alpha and with a recoil
energy of 0.0377 Mev. The quality factor Q is 10 for the alpha particle
and 20 for the recoil energy, making a total of ~ 53.3 effective Mev, and
M is the mass of the lungs. It was decided to ignore the short-term depo~
sition which would only change the estimates by a few percent at most. The
question of whether the mass of the lung should be scaled in some way was
considered, but it was decided not to recommend this because of the rather

poor correlation reported by several members in use of such data.

As mentioned atove, it is important to have an estimate of dose to thoracic
lymph nodes so that data on these orgons can be meaningfully interpreted

in terms of radicsensitivity. :

51116, &M (eM -1 - Nt) 53.3
H| h = rem (2)
ymph nodes (fe+fh) A5 :
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where fh/(fe +fh) is the fraction of I eliminating via pathway h and

" o Faae M) r fL Sy
ar L As < - """"""' ar ‘re

Je oA, N N .
= Ifhe. (e —l-—)\t)/)\(fe+fh, pCi-days

represents the pCi-days accumulated in the thoracic lymph nodes during
the passage of activity through them to blood, and 53.3 is the energy
(Mev) cbsorbed in the mass of 15 g of respiratory lymph nodes weighted
by the proper quality factors. The quantity 1’f}, )\Te-kr/(re-i- fi)
represents the activity in the lymph nodes at time 7. Formulos (1) and
(2) represent the dose equivalent accumulated in liver or in bone over

a period postintake cf‘t doys. In practice, t would be replaced by
t=t,-t, where t is the time of rhe intake and t, is the time at which

the accumulated dose is desired, i.e., time of death or time of analysis
of dota, whichever is smaller.
(5) The activity reaching blood in a time interval dr is given by
i e Mar +1E A T dr
f -~ F pCil
i n :

of which 45% is ossumed to deposit in bone and 45% in liver according
to the model. Thus the activity in bone or in liver at any time t post-
intcke is given by

0.451° =AT . =Xt =A(t-7)
fc”h J'd [fh)\ Te Tfe)se Je

LA | ] ;
0.45 I'e {fh)\zt({a—)\) A= N AN =g 2 SRR g 32 -feMA-x)} =
(Fa* i Xam N | |
2)
2.251°

2 oy =\t 2 -pt oM AR L
(A-)\)z fh)‘ [t(A by 1] e +fh)\e +fe>\(/\ ‘)\)(e e )¢ Ci,



il

Wil 1l

A |
. el

-82-|

A being the rate of elimination from bone or liver. The pCi-days

accumulated in bore or liver in the interval 0 to t days postintake

is given by ]
2B a-n0 My fh"é(l-e.m) - A=)
(A~ o

oM | -At “
+ E AN (— e b,

and the dose to liver or to bone in the interval o to t days is given by

= ]. e

(rem) , ()

~ where for liver M = 1800 g, Q =10, N =1 and the other values are
as before, but for bone M = 5000 g, Q= 10, and N =5, The value
of 5000 g os mass of bone neglects the weight of cartilage and periarticular
tissue which would not contain much Pu. It is the value used in ICRP
Publication 20.(8) The value of TEQN for liver is the same as for lung,
namely, 53.3 Mev/disintegration; but the value for bone is higher since
N is taken as 5, namely, 267 Mev/disintegration. The values A = 0.693/ .
T40 x 365) days™ ! for livér and™A = 0.693/(100 x 365) days™! for bone are
taken from ICRP Publication 19.“ N

Known Exposures--Wounds

The Committee assumed that every known wound will be indicated on the exposure
record. There will be an estimate of the early intake to blood with an indication of
the time of intake. Later intakes will have to be picked up by analysis of the bioassay

data and may not be relcteble to o particular wound case. The data seem to indicatre

- that the activity reaching blood shortly after the event is the major intake to blood,

later amounts transferred to blood being rather small by comparison. It has been found

in large experimental animals thot plutonium from contaminated wound sites builds up

@)

rapidly, with apparently long retention times, in lymph nodes draining such sites.
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The uncertainties involved in the times of these intakes, us well as whether they can
be related to a wound or to an inhalation exposure, constitute an ambiguity in the
data in that, for coses w.here both exposure by wounds and by inhalation occur, one
cannot be sure of the exact fraction of activity reaching blood from each source nor
the precise time of entry. Becaus. the evidence indicates most of the activity leaving
a wound site appears to leave early and because of the relatively few cases involved
in mixed exposures, this problem is probably not a severe one.

Having an estimate of intake to blood (say, 1*) on day toe One can proceed to
caleulate dose to liver and to bone as before. The Committee decided to recommend
the same par;itioning of the activity between bone and liver as before--namely, 45%

to each with an allowance of 10% deposited in other soft tissues or excreted, One

_can then compute dose by

| 0.45 I+ L’o ar e M7710) zeanN
Hliver = = M

©)
0.45 1* (1- & M 10y q

M

ram

1}

. with the same conventions as before, nomely, A = 0.693/(40 x 365) days~}, M= 1800 g,
Q =10, and N =1 for liver. For bone, one only requires M = 5000 g, N =5, and
A= 0.593/(100 x 355) doys."lT. Formula (6) re-isrésén'ts'"thé dose equivalent to these
organs in the time interval ty to tﬂdays.. .

It was decided to make no attempt ot this time to compute a dose over any
volume of tissue at or near the wound site. However, the AEC-HMS stoff should
consicer an cddiiional sutegary of cazzs which misht ba cnalyzed for effects at the

site. These cases will be signaled as wound cases and can be analyzed as a separate
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cotegory of cases. However, no quantitative estimate of dose at the site is ottempted

here. As mentioned cbove, data submitted by Stewart indicate that lymph nodes draining

the'site may accumulcte a significant fraction of the activity leaving the wound site.

Known Cases--Mixed Exposures .

Thgse exposure records are relatively few in number, .cmd in most instances the
intakes by inhalation and those by a wound are fairly clear on the record. There are
a few cases where this is not true. It was decided to assume the inhalation route
applied when the record was not clear. Althoygh this may somewhat overestimate
dose to lungs and lymph nodes, these cases are not many. The formulas used above
(Eqs. “1.-5) would cpplx for these cases. The intakes to blood élearly indicated as
from wounds will be signaled org the record, and for these instances, formula (6)
would apply.

’
Unknown Exposures

There remain a certain number of cases where there is no known exposure time
and, hence, no indication of the route of exposure. Thus there is no record of any
wounds, end the Coismitice agreed it wes recsonatcle to assume that inkalaticn was
the likely route of exposure. Nevertheless, the record will ¢ “h:l'ain only a series of
intakes to blood with a time assigned for each such intake to blood. In practice, the
exposure by inhalation is assumed to have occurred one d'ay following the last negative
bicassay result.

Selecting‘qne such int'oke to blood, I* pCi, at a time tgs one may compute
dose to liver and to .bone by formulo (6). If one assumes this intake to blood results

from the trensfer of cctivity I* = !Dj(fe-!-fh).\:\t to blcod resulting frem an actual
4
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inholation during time inrerval At, then one should postulcte a long=term intcke of
3I* = le (fe+fg+r'h) At = 174t.t0 Igng. Of course, one shauld. riot attribute an actual
il;utoke to this particulor time interval. All one is certain of is that * LCi of activity
entered blood in time interval At. The time when this activity entered the lung is not
known. It hoppens that the relationship of ((’e+fg+fh)/(fe +f}) =3 is independent
of time, and hence eocvh bit of activity, such as I*, entering blood is matched by 3
times rhofv activity which should have been present in the long~term-clearance path=--
ways of the lung. Since all this clearance is at the same rate, oné has 31* present
in the lung for each activity I* reaching blooci." Dose to lung and to lymph nodes ccn
then be computed using formulas (1-5) if oné only knows the time of the inhalation.
The only :'.ysfemc'tic inac‘curacy in all this is the absence of a half-time for retention
and a knowledge of the time of intake.

The Committee agreed to use 700 days for the elimination half-time in t‘hese
cases of unknown date of intake, which is the value most frequently olserved in
known cases of exposure, and to enter the intake dose commitment (= dose accumu=
lated over a period of 50 years) to lungs and lymph nodes. With a half-life of 700
days, cs most oftan oczuis, this merely anticipates some small fraction of the dose
but would be most in error during the several years immediately fo'.l.!owing inhalation.
There is some teléscoping of the time when dose is received. This has the effect of
putting some of the estimated dose equivalent earlier thon it was received. It will
be important only in those cases where an individual dies a few years after such an
intake, cs, otherwise, substantially all this dose is received. Since there seems to

be no real remedy for this lack of information concerning time of intake, the Committece
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felt it was a recsonable compromise in these cases to give the total dose to ungs and
to lymph nodes to these organs prior to their appearance on the record of an intake to”
blood. It will be noted thai this estimate of dose commitment does not apply to the
liver or to bone which are the organs ;vith the longest clearance half-times.

An allowance for dose received from 24Py should be made in many of these

coses. The amount of this correction will be coded for the tapes for each such case.

Other Transuranic Elements

Americium seems to be the only transuranic element present on the exposure
records. After extended discussion, it was agreed that the same lung model should
be used as for plutonium. This seems to fly in the face of much evidence indicating
earlier removc! of americium, but the selection of a quantitative allowance for this
seemed a difficult task with little data available as a basis for the choice. The Com-
mittee believes f.hct in those known cases where a half-time for removal from lung can
bé measured-+and t.his includes most of these cases--the observed half-time for elimi-~
nation is the best guide available for estimation of dose to lungs. When the estimate
is based on chast countina, tha fastor of 3 in formeda (1) and o -branyent formulee for
dose to lungs should bé deleted. This is because the lung burden as measured by chest
counting alrecdy includes the activity following pathway g. For estimztion of do;e
to liver and to bone, there is little guidance available from animal experiments, and
there ;:re practically no human data on either deposition or retention in these organs.

Therefore, the use of the scme equations cs for plutonium is recommended.
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Some members of the Advisory Committee have approved the above procedures
with extreme reluctance. They feel that the calculation of systemic body burden from
excreﬁo;\ data is frougiht wids rass 1neccusicic; when opplied to any given individual,
Furt_hermore, they contend that the extension of this calculation by partitioning to
specific organs and by proceeding to calculate dose equivalent, assuming uniform dis-
tribution in those organs, produces numericcl results which have little or no bearing
on the radiagtion damcge to those organs. These committeemen point out that the ICRU
and ICRP agree upon a definition of dose equivalent, specifically, "limited to radiation
protection cpplicaﬁon."(]o) They feel that the use of dose equivalent for retroactive
risk ;VQluction via epidemiological studies is an inappropriate application of the con-
cept. These committee members would advise against combining external radiation-
dose measuraments and inie.mal-ciose calcpl_a.ﬁo;\s for the Health and Mortality Study.

" They would advise the HMS to perform multiple correlaticns of observed damege (or
lack of d&mcge) with (1) dose from external radiation, (2) assessment of lung burdens
(not lbﬁg-dose equivalent), (3) estimates of systemic body burden {not dose equivalent)
from excreta anclyses, and (4) the time since the doce wos received und;er (1) or ﬂ_ze

" time since the accumulation of the organ burdens under (2) and (3).

The Committee endorses the view that it is desircble that the data be anclyzed
with respect to ihese four factors. The Committee as a whole differs only in regarding -
it as appropriate to oncly;e the data on effects (or lack of effects) in terms of estimates
of dose equivalent received by the various tissues of the body, this being the stated
basis of the recommendations now in use for radiérion workers. Although this report

provides formulas by which dose equivalent can be estimated according to the best

i

’

* cug

Ry

- -



A

oo

Gl Gl

ke ki L

10,

1
] .

-98-

information now awailuble, nothing in this report should be interpreted to suggest that

other measures of exposure should not be tried or that the formulae given in this report

should not be changed when better information is availadie.
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Fia. 1. CLEARANCE MODEL

OO0

CLASS

COMPARTMENT D W Y
T T T
N-P a|00! 0.5 001 0.1 |00l 0.01
(D3:0.30) b|001 0.5 |0.40 0.9 |0.40 0.99
T-B  ¢|{001 095|001 0.5 |00 0.0
(D,:008) d|02 005[{02 0.5 |02 099
| e|0.5 08 |50 0.5]500 005
P flna. na. |10 04 |10 04
(D5 =025) glna. na |50 0.4 |500 04
h{0.5 0.2 {50 005|500 0.5
L i 105 1.0 {5 1.0 {1000 0.9

L

The values for the removal- half-times, T ._;, and regional fractions, f;.;, are given in the tabular

portion of the figure for each of the three classes of retained materials. The values given for Dy,

D4, and Dg arc the regional depositions based on an aerosol with an AMAD of 1 ym. The schematic

drawing identifies the various clearance pathways in the model, a=i, in relation to the initial
depositions D3 4 5 and the three respiratory regions, N-P, T-B and P.
1 %2
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Table 1. Pulmonary Clearance Classificarion of Inorganic Compounds

Class Y—Avid retention: cleared slowly (yeans) . -

Carsides-~amnpid—, ‘=ritpnidas, 7, Y, Mn

Sulfides—~none

Sulfates—nonc

Carbonates—none

Phosphata—none

Ozides and hydroxide.—lanthanides, 4+ actinides; groups 8 {V and VI). and Co, Ni; 2v (IV and V);
3b; 4b (V and VI)}; Sb; 6b; and 7b (V and VI) '

Halides—lanthanide fluorides

Nitrates—none

Class W —Moderate retention: intermediate clearance rates (weeks)

Carbides—Cations of all Class W hydroxides except thcse lisied 73 Clazs Y carbides.

Sullides—Groups 2a (V + VI), 4a ([V-V]), 53 (1V-VI), !b, 2b aad 6b (V + VI).

Sulfatcs—Groups 2a (l\’—Vll), and 5a (lV-Vl)

Carbonates—lanthanides, Bt and Group 2a (1V-VID)

Phosphates—Znt*, Sn3*, Mg!*, Fe”, Bt and Ianthanides

Oxides and hydroxides—~Groups 2a (11-V11), 3= (IH -V1), 4a (L{1-V]), Sa (IV-VI}, 6a (IV-VI), 1} (Iv,vI);
2b {vI); Yo (2v); 7b (IV): Fe, and 3+ actinides.

Halidcs—lanthanides (except fuorides), Groups 2a, 3a (!II-VI) 4a (IV=VI]), 5a (IV-V]), 53 (Iv-vi}, 8, b, 2v,

Jo(1V-V), 4b, 5b, 6b, Tb and actinides

Nitrates—all cations whose hydroxides are Class Y and W .

Class D—Minimal retention: rapid clearance (days)
Carlndes—ice hydroxides
Sullides —all except Class W
Sulfates—all except Class W
CarLonates —all except Class W
Phesphates —all except Claa W
Oxides and Hydroxides—Groups 1a, 3a (I1), 4a (11}, 3a (11, I11), Ga (1n
Halides —Groups la and 7a
Nitratcs —all except Class W

. ™o

Note: Where refcrence is made from one chemical form to anather, it implies that an in oioo convemon occurs,
e.g. hydrolysis reaction.
The following periodic table of the clements is used with the foregoing clanification.

Group
Period ] 1a] 2a ) b [4b | Sb]| 6b | 7b 8 1b | 2b 3.1 4a | 52 j6a|l 7a | O
1 |n T “He
L | Be B jc|NJO|F |Ne
UL |Na| Mg alsile s |alar
v |k |catse tTilv [cr | MalFe{co|ni Cu%Zn Ga{Gel|rs|Se| Be | Ke
V_ |Rb|Se |Y |2r|Nb| Mo | Te |Ru|Rh|Pd|Ag|cCd|in |5n{sb -I_e-‘ 1 |_x:_
Vi |iBa |Lae|nr|Ta|w [Re [On]1r P | Au| Hg| 1| vh | Bi | oy ,_\'z_‘ Rn

VIl |Fr | Ra | Act

* Lanthanides Ce | Pr [Nd|Pm | Sm|Eu [Gd | T

1 Actinides Th| Pa iU | Np| Pu Cm | By




