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AIR SAMPLING

I. METHODS OF SAMPLING

A,

B,

Co

D,

F2Zb014b

Inertisl Collectors

l. Principle of Operation
2. Particle Size Range
3. Efficiency -

k., Equipment and use

- a, Impactors
1) Cessella Cascade
2) Unico Cascade
3) Staplex
b, Impingers

1) MSA Midget
2} Porton

¢, Centrifuge

1) Conifuge

2) Goetz Aeroscl Spectrometer

Electrostatic Precipitators

1. Principle of Cperation
2. Particle Bize Range

3. Efficiency

4, Equipment

8, Bendix
b, MS&
c. Adley-Reciproeating

Thermal Precipitators

1. Principle of Cperaticn
2, Particle Slize Range

3. Efficiency

L, Commercial Equipment

8, Cassellsa
Filtretion
l. PFiltration Theory

&, Direct Interception

b, Inertial Collection

¢. Diffusion

d. Electrostatic Attraction
e, Graviteticnal forces

f. Re-—entrainment



-2-

2, Commerical Filter Media
8. Cellulose Fiber Peper
- 1) Uses
T Db, Glass Fiber Filters
— . l) Uses
- Co Polystyrenﬁ Fiber Filters
1} Uses
d. Membrane Fiber Filters
1) Uses
e, Mixed Fiber Paper
1) Uses
3, Filter Adventages and Disadvantages
i, HV~T0 Filter Paper
p. Efficiency

b, Pu mercscl monitoring
c, Cost Compgrison

II. AIR MONITORING

A. Alphe Air Monitoring
1. Coincidence Count
a, 15 MPC hours
2, Alphs Energy Analysis
&, 15 MPC hours
3. Others
B, Beta-Camma Air Moniter
1. Fixed or Moving Tape

8, Nuclear Measurements

12607417
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III, AIR

Tritium or Gas Monitors
l, Ion Chamber Devices

a, Principle
b, ilimitations

A,

B.

Co

SAMPLING AND MONITORING EVALUATION
Purpose
l. Records
2. Entry Status
3. Trends
Air Sample Counting
l. Equipment
a, Scintillation {coincidence)
b. Alpha energy anelysis
ce OCamma energy analysis
Result Evaluation
l, lung deposition model

a, Particle Size
b, Density

IV, SAMPLING ERRORS OR PROBLEMS

N A,

Isokinetic Flow

l, Definition
2. Effect of Errors
3, Stack Effluent Monitoring

4, Room Air Samplers

5. In-Line Samplers

Calivbration of Flow Rate Meters
Background Radiation |

Tmproper Seating of Filter Media

Scrubber Packing and Sclution Entrainment

1260748
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RADIATION PROTECTION COURSE FOR EXEMPT PERSONKREL
piy FALL = 126h'
Lectuie Topic ’ Lecturer Dates
1.= Administrative Aspects of Redimtion Protection . L. A, Carter  9-16-6L

~ =1 8k HAPO

:»m_:A reviev of rebponsibilifies for radistion pro-
-.tection at the different levels in an organization.

2.

“piscussion of the application of the verious
_m.chsnisms and techniques available .for use in

-+ administration of radiation protection programs »
~ “at EAPO,
‘Legislation and Radiation Protection Trends. L, A, Carter Qulb-bh

-

3s

~

. A review of present State and Federal legis- .
“lation, including regulations for licensees of

“the AEC, Discussions will cover the general
_types of legislation which have been enacted or
‘are proposed, and some of the pitfalls which
ecould result from poorly-written legislation on
radiation protection,

iﬁadiation Doge Units and Permissible deiation .. Wy Co Roesch 9-23=6L

- Dose

Diqculaion of current radlation dose units, their
origin and vtases, and recent developments in
definition and pomenclature. Review of the
history of radiation protection, .and the develop=
went of the _concept of permissible redimtion dose,
ineluding the current bases of permissible dose

- for both internal and external radiationm.

Calibration of Radistion Instruments .- .- : C. M, Unruh 9w30-6h

An explanation of calidration methods, Dis-
cussion will cover radiation scurces used as
standards, methods of establishing standerd
emission from scurces, use of ictoreean "R"

- meters, free alr ionization chambers, and foil

‘activation procedures. The adaptation of
laboratory methods to routine calibretion pro-
cedures will be covered. This will include
consideration of scatter, energy dependence
of instruments, source size and geometries,
instrument response time, and calibration

- frequency.

S 120749
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Time

8-10 B.M, I

10-12 nocon

8=12 noon

8-10 B:e



.fpcture Topie

5o

6,

To

8.

9

Agglication of Availsble Dose Rate Honitorins
Instruments to0 Field Use -

Discussion will include consideration of the
various factors invelved in fleld monitoring
practices (scurce sizes and gecmetries, RBE's,

. instrument capabilities, expusure standards,

etc.)s The adaptation of available equipment
to field uee will be reviewed with special
emphasis on practical methods for attaining
high quality meamsurement of redistion dose to

personnel,

Internal end External Radiation Dosimetry

A discussion of methods and instrumentation
available for dose measurement, with particular
emphasis on those used at HAPO, The develop-
ment of current HAFPO dosimetry systems will be
reviewed, including their capabilities and
limitations,

Rediation Record Sistems and Programs .

A déiscussion of the bases cof the HAPO system
of radiclogical recordsy the different classi-
ficatlons of records, the influence of quality
and completeness of records, and the methods
used to obtain satisfactory records,

The various uses of radiclogicel records,
jnelnding their application in court cases
will be reviewed,

Radionactive Haste'ManaEEment.»

A review of radiocactive waste handling at HAPO,
Discussion will cover both waste disposal and
long term storage, with major emphasis on the
former, The favorable influence of geclegical
and bhydrologlical factors on ground dieposal
will be included,

Effects of Redlation on-Livigg Tisgue:

The fundamental theories of radiobiclogical
action at the cellular level, Discussion of
primery and secondary biochemical reactions.
in the intact animal, genetic effects, physio-
leogical and pathologichml changes, modification
of radistion injury, special problems of in-
ternel sources of radiation, and long-range
effects such as accelerated aging, alterations
in lifespen, and increased incidence of tumor

formation.
{20150

Lecturer

C. M. Unruh

H, V, Larsen
I. C. Nelson

Je M, SEIby

G. E, Backman

B, 0. Stuart

Dates

9=30-64

10-7-6k

10-1L-64

10~1k~64

10-21-64

Tine

10«12 noon

8=12 noon

8-10 BeTle

10=-12 noon

8-12 noon



- whcture Topic lecturer
10, EAPQ Programs in Redicbiology ~ Biolosy
Staff

11,

13,

1k,

A review of past, current, and future radio-
biology programs at EAPO, Discussion of per-
tinent findings, especially those of interest
in the overall operation of HAPO. .

Environmental CQntaminaticn Problems and o Je K. Seldst
Their Evaluation

Problems assocliated with the release of lowe-
level radicactive effluents to the air and water
of the environs, monitoring end sampling programs,

. important enyironmental factors, and evaluatlon of

collected data, Current studies directed toward

- improvement of evaluations will also be discussed.

Radiochemicel Analxsis . ' F, E. Holt

Discugsion will involve the application of
current analysis technigues tc measurement of
radioactive material in water, air, scil, end
biologicel samples, Both the more conven-
tional chemical techniques end the newer
gamma pulse analysis technigues will be re-
viewed. The influence of variables and their
correction will be emphesized.

Criticality of Fissionable Materisls . C. L. Browvn

Since sufficient amounte of fissionmble materisls
of proper composition and configuretion may

become critical, even outside a reactor, a safety
problem existe in the handling, processing and
storage of these materisls, The basic problem

is one of preventing occurrence of an uncontrolled
eriticelity in esn unshielded situation durlng these
operations. The general concepts and properties
of neutron multiplying systems will be revieved,
as an introduction toc the different faciors whieh
determine critical conditions, Preventing the
occurrence of a critical system by control of
these factors will be discussed thoroughly.
Examples of nuclear safety criteris will be .
presented.

Radiological Hazerds Anslyses E, C, Watson

Evaluation of the environmentsl conseguences

of the accidental release of large gquantities
of radionuclides will be discussed. The
various parameters bearing on such & release
will te described, and the effect of the more
important ones on the analysis will be examined.

1260151

Datec

10-28-64

13-Y-6k

11-k-6L

11-13-6k4

11-18-6k4

Tize

8-12 noon

10=12 noon

8~12 noon

8410 B.x.
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-jecture Tople Lecturer Dates
15. Aiy Sempling B, V., Andersen 11-18-6h

A review of available sir sampling methods

and equipment, with recommendations on their
application. Emphasis will be on the monitoring
aspects of air sampling, and adequate coverage

- will be given to methods of sampling, methods

 of measurement, and calculation of data,

16,

Discussion will include analysis of how and

wvhere air sampling can be used effectively, the
importance of air sampling in routine and emer-
geney situations, and the position of air sampling
in an overall radiation protection program, Pit-
falls in installation and use of eir sempling
equipment will slsoc be covered,

Radiological Engineering : . L, G. Feust 11-25-64

Discussion will center on good design practices,
snd include such topics as floor plans, air
flows, shielding, instrumentation, and storage
and disposal of waste, Some mathematical exw
pressions will be developed for use in shielding
caleculations, and the various parameters in-
volved in evaluatlion of shielding requirements
will be discussed, Typlcal illustreative examples
will be presented. '

1260152

Time

10-12 noen

8-12 noon



II.

III.

LEGISLATION AND RADIATION PROTECTICN TRENDS =L

TECENICAL GUIDANCE

A. Federal Radiatioﬁ Counecil

B. Nationsl Camittee on Rediation Protectlon

C. inte?naticnal Comnission on Rediamtion Protection

D. Internstionsl Atomic Energy Agency

¢

Fedan’ Kasintngd Cpvneif L
Cuslr oo Feafrenl )f.’,-_t/ﬁ,},:cs‘ 177 CFA a5
i

TYFES OF REGULATIONS OR STANDARDS
A. Specification

EB. Performance

FEDFRAL LEGISLATION AND REGULATICN
A, Atomic Energy Cammission
1. AEC Mamual {Contractors)

2. Title 10 Code of Federal Regulations (Licensees)
B. Interstate Commerce Cammission (49 CFR 73)

STATE LEGISLATION AND REGULATION

A. Transfer of Regulatory Responsibility from the AEC to the State
Goverrments

EB. ©States Having Completed Agreements with the AEC

- €. Etate cof Washington

TRENDS IN LEGISLATION

A. The Past Position of Hanford

B, Current Trends
1. Department of Lebor (41 CFR 50-204)
2. AEC Manuel

C. The Impact of Current Trends on Hanford

120153



I.

II.

III.

ADMINISTRATIVE ASPECTS OF RADIATION PROTECTION AT HAPO

RADTATION PROTECTION REQUIREMENTS

A. Contractural

B. Federal Regulatlons and the AEC Manuel

c. Recammendétions of the NCRP and iCBP

ASSIGNMENT OF RESPONSIBILITIES

A. Radiation Protection Operation (plant-wide responsibilities)

l.

2.
3.
1.

2
3.
4

Esteblish basis of radiastion protection program through
appropriate Standards and Procedures.

Individuel employee dose measurement and evaluation relative
to established limits.

Reports and records of radiation protection experience

~B. Operating Management (facility responsibilities)

Control of individuel employee exposure
Contrcl of sources of redistion
Avoidﬁnce of accidents or incidents

Accomplishing necessary work with minimum exposure

C. Individual Workers

l'

2.

Complisnce with established rules and regulations

‘Reporting unusual conditions Yo supervision

D. Industrial Medical (evaluation of radiation exposure relastive to

health and welfare) :

SPECIFIC AREAS OF INTEREST

A. HAPO Policies and Standards

B. Control Systems

1.

2.

Proéedures

Operational Controls

1260754



Cenmunicetions
1. Between Components

2. Off-Plent

Incidents and Investigations
l. AEC - Clmse A and B

2. HAPQ - Class C

Measurements
1. External Exposure
2. Internal Exposure

3. Source Control and Release

Records
1. Individusl Exposure

2. Area Survey
Technical Assistance

Training

F2b0 155



RADIATION DOSE UNITS
and _
PERMISSIBLE RADIATION DOSE £ Aot

I, RADIATION DOSE UNITS

y -
A
B.
Ce
D.
\-’

‘The Iwo Kinds of "Dose" and Their Relation

Exposure Dose
1, Free Alr Chamber
2, Non-free Air Chambers - Bragg-Gray Principle
Absorbed Dose
1. From Exposure Dose Chambers, etc.
2. Bragg-Gray Chambers
Recent Changes
1. "Exposure" and "Dose"
2. Fluence
3. Kerma
Dosimetry for Personnel Protection
1, Dose Equivalent (RBE Dose)
a, Quality Fector vs. RBE

b. Distribution Factor

II. PERMISSIBLE RADIATION DOSE

A.

B.

C.

History of Sefety Standards

1. Tolerance Doses

2. ICRU, ICRP, BCRF, AEC, FRC

3. Maximym Permiassitble Doses

4, Radiation Protection Guide

External Exposure

Internsl Exposures

1. Maximum Permissible Body Burdens - Radium and Bone Seekers

2. Maximum Permissible Concentration or Inteke

126013b



Date

1895
1896

1897

1901
1902
1903
190k
1905
1907
1908
g1k
1914
151k
1915

- 1918

1g2l

1923
1925

1928
1929
1930
1937
19k2
1650
1933
1958

1962

RADIATIOR UNITS

Sclentist
or Organization
Responsible

Hoentgen

Becquerel

Dora

Rutherford & McClung
Eolzknecht

Stern

Sabourand & Noire
Franklin
Guilleminot
¥illiard

Szilard

Christen

Duane

Furstenan

Kronlg & Friechich
Soloman

Behnken
Glasser

ICRU
Gray
Taylor
ICRU
Parker
ICRU
ICRU
ICRU

ICRU

12606151

Development

Discovery of X-rays.

Discovery of radioactivity

Alr Thermometer

Bolometer

Chemical dosimeter, color changes
Film

Barium platinocyanide pastilles
Ionization

Flucrescence

Units: one esu per cc of alr
Unit: one lon pair

Absorbed dose

Free air chamber concepty
Resiptance change

Horn-chamber .

Unit: same ionization as 1 g of
Re in 0.5 mm Pt at 2 em

The fermsn roentgen

Air well chambers {Birth of the
Victoreens) v-

Roentgen

Bragg-Gray principle .

Stenderd free alr chamber
Roentgen redefined.

Units: rep, rem

Abvsorbed dose

Units: rad

Ad hoc cormittee on Quantities and
units

Handbook 8L fluence, kerma, dose
and exposure, dose equivalent,
quality factor.



Date

1895
1896

1898

igo2

1915

1921 -

1922
19é5
1925
1925

1925
1926
1827

1928
1928
1928
1929

1931
1531

1932
193k
1936

1942
1946
1948
19k9
1950
1954
1957
1559

[

1260158

MAXIMUM PERMISSIBLE DOSE

Scientist
or Orgaplization
Responsible

Roentgen
Becquerel

Rollins

Russ

Mutscheller

Glocker & Keupp

Sievert
Soloman

Barelay & Co,
Kaye

Wintz & PRump

Failla
ICRP

Development

Discovery of Xerays

Discovery of radioactivity

Roentgen Society (British} began to
collect informstion on injurious effects
Safe 1f film not fogged in seven
minutes (about 10 R/dey)

Roentgen Society issued recommendations
British X-ray and Radium Protection
Comrittee formed; first report
American Roentgen Ray Society adopted
rules on radiation protection
Tolerance dose, Safe if less than
0.01 erythems Aose per month

German Committee on X-ray and Radiation
Protection; Mutscheller's values

First International Congress of
‘Radiology; ICRU formed.

0.1 erythema dose per year

1/300 erythema dose per day

Duteh Board of Health 1/70 drythems
dose per day

0,00028 erythema dose. per day

0,005 erythemsa dose per day

ICRP formed .

U.S5. Advisory Committee on X=ray and
Radium Protection formed

U.S. Advisory Committee, 0,2 R/day

(¥BS Handbook 15) _

Ieague of Kations, about 0.25 R/&ay
for X-rays and 0,1 R/day for gamms rays
0,001 erythema dose per month

0.2 R/day _

U.S. Adv, Comm, 0. 1 R/day to allow

for greeter penetration of higher
energy rays

Metallurgicel Project, 0,1 R/day

U.S. Adv, Comm, changed to NCRP

¢.,3 R/week RBE's  Other limits
Tri-Partite conference at Chalk River
0.3 R/week measured in sair

KBS Handbook 59. Maximum permissible dose
5 (N-18)

Federal Radlation Council formed
Radistion Protection Guigdes

Approximate Erythema Doses

S0 KV X—rays
100
200 "
1000 "

Radium gamma

100 R
350
600
1000
1500



[
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CALIBRATION OF RADIATION INSTRUMENTS

C., M, Unxruh

I. BRadiation Sources used for Calibrations
A, FRadium
B. Urenium
C. 0060

D. ZX=rays

II. Primary Calibration of Rediation Sources
A. U.S. Buresu of Standard
B, "R" Meters
C.- Free Air Ion Chamber

D. Foil Activation

IYI. Routine Celibration Methods
A. Dose Rate Instruments
B, Detection Type Instruments
C. Persomnel Desimeters
D. Emergency Monitoring Equipment

E. Special Services

IV, Visit to Calibration facility to include a first hand lock st all
celibration equipment and methods.

V. General question and discussion period

iZb01519



II.

III.

Iv,

APPLICATICN OF AVAILABLE DOSE RATE
MONITORING INSTRUMENTS TO FIELD USE

C. M. Unruh

¥hy are correction factors necessery?
A, Geometry

B. Energy

C. Instrument response characteristics

D, Cthers

How does one determine corrsction factors?
A. Experimentation

B, Caleculations

Correct methods of Interpretations for specific monitoring situations

A, Gemms radiations

B. Beta radistions

Cs Keutrons

Improvements to be made
A. Nev instruments

B. Inmproved czlibration methods

Geperal guestion and discussion period

12b01760
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A REVIEW OF THE FACILITIES
AND
SFRVICES PROVIDED BY
THE
INTERNAL DOSIMETRY OPERATION

AT BARFORD
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STATICNARY WHOLE BODY COUNTER

The Whole Body Counter iz used both in reseasrch programe and in routine
evalyntion of whole body content of a wide variety of gamma-ray emitting
radicnuclides, With sultable crystala the unit is alsc used for iodine 131
evaluation in the thyrcid, nnd.quantitative measurement of plutonium deposited
in puperficial wounds., The unit is also capable of accurate measurement of
sodium 24 in the hiood, which is very useful in estimating personnel dose in
event of a criticality incident.

Thiz is & cut-away drawing of the stationary Whole Body Counter, The
faellities house several locker rooms, ﬁ reception room, & counting room, e&n
énalysis rocm and an equipment répair shop., The heart of the Whole Body Counter
is the iron room in which the measurement tzkes place, The rocw is made of
10~inch thick, steel, armor plete., The counting roem i1s air conditicned and
mugic is played over an intercom system, Alsc, & television camera was
instelled for viewing the patient remotely. This latter feature has proven of

special velue when childrer are being examined.

-2-
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WHCLE BODY COUNTIRG

For routine snalysis of whole-=body deposited gamma~emitting radice
puclides, the patient (shewn in slide) sits in a reclining chair and & 9 ipeh by
4 inch sodium iodide crystal is placed in & geometry such that the patient's body
forms &n arc arcund the crystal. The detection limit of the erystal is about cne
nanocurie (for & l0-minute counting time) for moet rafionuclides. The crystal
asse;bly may be placed on a track in such a gecmetry that the crystal can remotely
scan a patient reclining on a litter., This counting gecmetry is used to determine

the locetion of an isotcpe in the body.

-l
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WHOLE BODY COUNTER LABORATORY CCRSOLE

The Whole Body Coﬁnter Leboratory Console ié deslgned for maximum
read-oﬁt cap;bility. The heart of the system is an RIDL Model 43-12, L0OO chan-
nel pulse height antlyzer, Use of either two channel or four channel mixer
amplifiers sllows simultanecus use of ome, two, three or four detectors in the
iron roa, Exaninaticn measurements are displayed on the snalyzer scope in
the form of total counmts ae arfunction'or gamma-ray energy, A digital recorder
permits the sccumuleted dsta to be printed out on paper tape in the form of
totel counts per chanﬁeln A panual address and punched paper tape systenm
ellows the date to be read out in binary coded decimal form for IEM computer
celculation., A digital magnetic tape recorder may-be used for spectrum
stripping or storage of data to be replayed inte the epalyzer's memory core
at & later time, Also, sn X-Y plotter permitis sutcmatic graphing of data for

Visusl inspection,

b
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PLUTCRIWY WOUND COUNTER

A wound counter is avellsble for detecting and locating plutonium
in cuts, wounds, punctures and abrasions either on or in the skin te a
depth of a few millimeters, This mensitive counter consists of a 1-3/4 ineh
by 1 mm sodium iodide crystal arnd associated counting eguipment. The size
of the cryetal permits optimun counting of the 17 kev X-ray emitted from
plutonium., The detecticn limit of the crystal is about 0,1 nanocurle for
2 10-zminute counting time. The wound is located by moving a shield conteining
& small aperture cver the suspected injury until the maximum counting rate is
obtained, This detector has proved to be an invaluable tool to both the health
thysicist end the physician in defining sections of tissue that should be

excised in order to remove the isotcpe from the body.

=8
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THYROID COUNTER

This slide shows & subject belng eiamined for the presence cof
radiciodine in the thyroid. The detector system used is a 3 inch by 3 1pch
Fel crystal and photomultiplier tube mounted on the boom of a movable delly.
This arrangement allows the detebtor to be easily esdjusted for any subject
B0 that the crystal exis will be perpendicular to the subject's neck, Just
touching the clevicle, The detection limit for I231 with the detector inm

this position im 20 pec for a 30-minute counting time.

(2
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DETECTION CAPABILITIES

The detection capnhiliiica of the Whole Body Counter that are shown
in thls slide are base@ upon & l0-minute counting time with the sublect in
the chaiy geometry position. In special situetions, the detection levels
ey be lovered by longer counting times and different gecmetries, The 1llsted

nuclides are typical ones frequently measured in Hanford employees with the
excepfion of 1131 ana Pu239. These latter two nuclides have beer messured in
employees involved in on-plant radiaticn exposure incidents, The detection
levels listed for I3l are based on 30-minute counting times using & 3 inch
by 3 inch Nal erystael thyroid counter or & 9~3/8 inch by k& inch Nel crystal
Primery detecteor.

Other gamma-emitting nuclides are less frequently seen, but their

detecticn levels are ccmparable to theose listed.

12017y mie-
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MOBILE WEOLE BODY COUNTER EXTERIOR

The Mchbile Whole Body Counter is a self-contained counter laboratoery
housed in this semitrailer which is approximately 35-feet long, 8-feet wide
and l2-feet high. Entrances are provided on the left side and rear of the
trailer, The unit requires epproximately 60 emperes at 220 volis, which is
supplied through & canncn plug on the left side at the rear or may be teken
direétly.from a high lire through use of an adepter. The air conditioning
unit is mounted on the front end s telephone cable reel is mounted undernesath.,
The mcbility of the counter permits examirnstion of people near thelr work
locations and in remote off-site mreas. Additionally, it provides improved

capability for assistance should radioclogical emergencies occur.

12507117
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MOBILE WHOLE BODY COUNTER INTERIOR

The interior of the Mobile Whole Body Counter is supplied with
air conditiorning, fluorescent lighting and electrical basebeard heatihg. The
left side has & counter top for use by the technician and all the electreonie
egulpment securely rack mounted. The electrcnic equipment conslists of two
400 channel pulse height enslyzers, two-channel spd four-chennel auxiliary
applifiers, a digital megnetic tepe recorder, a punched paper tape recorder,
& parallel to series converter, a pﬁwer supply and & line voltege reguletor.
The remaining reck space is used for storage end & circuit connection panel.
The shadow shield counter 1iself is permenently fixed to the floer of the

trailer over the resr axles,

1260778
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MUBILE WHOLE BODY COUNTER SHADOW EHIELD

The Mebile Whole Body Counter Shadow Shiel& Detector is based on
the design by Reesch and Palmer end incorperates an 11-1/2 inch by h-inch.NsI
erystal having seven 3-inch photemultiplier tubes. The subject lies on a
cushioned gled which is gear driven under ihe crystal by an electric motor,
Microswitches at either end of the counter base automatically stop the sled
vhen it hes traversed the length of the counter. Shielding 1s provided by
leed bricke. The shielding systez has been cpiimized to achieve & maximum of
shielding with a miniﬁum of weight. An sxmblent gamma rey must peneirate a
einizum of slightly more then 2 inches of lead to strike the crystal, The
crystal with its shield reste on & 2-inch iron plate over the center of the
counter and four inches of lead surround the crystal on top and gides. The
conbined weight of the shield is approximately 2200 pounds, The entire
shedov shield counter weighs approximately € tone. The normal counting time
is 10 minutes per examination and may be changed by cheanging gears on the
motor-drive mechanism, fhe detection levels for most gamma-emlitting nuclldes
&re the seme ag for the stetionary unit, All of the detectore that are used
in the stetiopary Whole Body Counter are alsc avaelleble for use 1n the motile
unit,
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747 BUILDING EXTERIOR

This facility houses the Radiation Protection Operztion's bioassey
levoratory,

The laboratory conducts & large=-scale plutenium urinalysis program
for Banford Personnel, Last year approximately 6000 routine and special
rlutonium urinalysis semples were processed DY ihe laboratdry in maintaining
surveilsnce and eveluation of plutonium deposition irn Hanford employees, In
addition, the laboratory conducts routine urinalysis prbgrams for both uranium
and tritium, Special analytical programs have als¢ been established for
evaluating depositions of several other radiocnuclides, including promethium 147,
strontiur 90, and, americium 2Ll, Specisl evaluaticns for plutonium are slso
performed on a wide variety of bileliogicel specimene, including feces, autepsy

samples and animal experiments.
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FLOW CHART OF PLUTONIUM BIOASSAY PROCEDURE

The plutonium bioasssay program is the main routine anelytical
procedure carried en by the biceseay laboratory. This flow chart indicates

the major steps involved in separstion and quantitative determination of

 plutonium excreted im urine, The complexity of the processing required is

evident from the chart. This process has & detection limit of 0,05 d/m.
Also, the laboratory has a one-shift capebility of processing up to 280 person-
nel samples per week, Samples processed by this procedure require about two
weeks for completion,

A rapid anslyeis system, requiring less than one dey, is used to

confirm suspected higher-level semples resulting from deposition incidents. -

-22=-
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EVAPORATION HOODS AND MUFFLE FURNACES

The first step in plutonium urinslysis is to break down the organic
salts ipto inorganic nitrite salt resiéue by wet ashing with nitric secid,
After wet ashing, the specimens are evaporated to dryness in the hoode thet
are pictured on the left side of the slide, ‘The residue is then muffled at

575°C for one hour to destroy the residuel organic materisl.

-21}-
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ELECTRODEPOSITION APPARATUS

This apparatus, in effect » bank of miniature electroplating cells,
is used to electrodeposit plutonium on a small stainless steel sample dilsc.
Samples are electrodepouited by this apparatus for five hours. Between 50

and 98 percent of the plutonium contained in the original semple is recovered,

B
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MICROSCOPY

Glass microscope slides coated with NTA emulsion are exposed for one
week iz ceontact with the stainleas steel discs upom vhich the plutonium _
electrodeposition has been made, Alphe particles emitted from the plutonium
Produce "tracks" in the NTA emulaion. fhele exposed slides are developed in
& manner similar to photographic f£ilm and are then examined under the
microscopes pictured in the slide, The alpba particle tracks are counted
cver a predetermined ares of the emulsion, BElank uripe samples that are
spiked with known concentrations of plutonium are processed along with the
routine field samples. Theae calibrations are used to relate the track denpity

to the disintegraticns per minute of plutonium present in the sample,

1260790 . =28
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PROPCRTIORAL COUNTERS

When rapid snalysis is required for suspected plutonium depeoeition
cages, the samples are counted on these lov background proportional counters,
These instruments are also used vhenever plutonium samples are processed
vhich mey have sufficient activity to present a potentiaml contemination problem
in the darkroem process, Additionally, they sre used for evaluation of

bioagsay samples being analyzed for strontium 90 or premethium 1LT.

1260192



£bLO9zZ)

R _mxﬁz_pmon_ m><a |
000'0I ;[ 0001 - 00l :. o

YL T T 1 e . P | _ﬁ]ﬂl_l_ _ 1 AR .__ ‘ —o.o

| ~. _ ! ,_mmaz_.\._ ___ :
- ~ O "~ 994N %S I'0
._ -~ o 98dW %0!

- g99dW %62
gadiN % 08§
884N %001

o
p2'0-X02°0="A

IIdWNVS ¥3d 3LNNIW
¥3d SNOILVHOILNISIA

000'i

\qb;sk\:m 3 qmbqb.m. ..._G EQ\k\WQQ.uQ .\vs\t.m&k\
R EQQ..\ INILINSIY - h.wk _\t Qb\k.wt.uk.w o




THEORETICAL Pu URINARY EXCRETION CURVES

In the evaluation of plutenium urinary excretion data to determine
the amount of soluble plutonium interzelly deposited in & person, e mathe-
metical model developed by Langham is often applied in cases in vhich the
excretion dste indicate the deposited plutenium was resdily soluwbilized by
the body fluids. The accompanying slide illustrates graphicel applications
of this model, which ip expreessed mathematically as Y, = Ch,2th:"c"'rh

wvhere x = number of days elapsed between deposition end
sample cellection
and Y, = daily urinary excretion rate of readily scluble
plutonium, expressed as a percent of the initiel
deposition of readily~-sclyble plutonium

The equation i plotted for essumed internal depositlons of readlly-
soluble plutonium equal to 1%, 5%, 10%, 25%, 50% and 100% of the maximum
permissivle body burden (MPBB)} (0,0h uc) considering bone to be the eritical
organ of reference. Thus, in cases where Langham's model is applicable, &
uripnary excretiocn rat§ of ~ 1,7 d/m Pu on the first day following depositicn
indivates an initiel deposition of 1% MFBE (L x 1074 ye) of readily-soluble
plutonium, & urinary excretion rate of 17 d/m on the first day following
deposition indicates an initisl deposition of 10% MPEB, and so forth.

It is also of interestlto relete this slide to our cepability to
detect verious ameunts of internally deposited readily-~scluble plutonium
from urinalysis of samples collected at different times after occurrence of
the deposition. Our current apalytical and counting procedures enabie ue to
detect as little as 0.05 d/m plutonium present In a urine sample. Thus, an

internal depeeition of reedily scluble plutonium equivalent to 1% MPEB can

12b079Y - -32-



Theoretical Pu Urinary Excretion Curves

be detected in semples collected within - 120 days of the date of deposition,
& deposition eguivalent to 5% MPEE can be detected in samples collected
vwithin - 1000 days of the date of deposition, and a Geposition of 25% MPBB
or greater can be detected from semples collected 10,000 days or more

(27 years or more) after the date of deposition.

1260195 =33-
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FLOW CHART OF TRITIUM BICASSAY PROCEDURE

The tritium bioassay progran is primerily directed to routine
analysis of urine samples collected from employees working at the Plutonium
Recycle Test Reacter (PRTR), Tritium i1s generated in heavy waler moderated
resctors such ss PRTR through the reaction, D2 (m, v), T3, In the case of
FRTR, the radiation protection program with respect to this particular
radionuclide, takes on added impetus in that all thr;e vater systems,

(primary coclant, moderator, and reflector) are composed cf nao,

The flov chart indicates the steps involved and the equipment used in
enalyzing for this low energy bets emitter (E; = 0.018 mev), Semple preparaticen
consists of combining the sciptillator solution and a ml of urine in a vial,

The vial is then placed in =& mechanized semple changer which lowers the vial
between two photcmultiplier tubes that are ccnnected in a coincidence circuit,
The photemultipliers are used to convert the light energy emitted by the
scintillator to electrical pulses, to provide pulse amplificeation and to
ninimize the counting of spuricus noise pulses. Pulses from the coincidence
circuit are then sorted by the pulse height mnalyzer. The apparatus is
calibrated bty piacing knovn concentretione of tritium in the liquid seintillater
and determining the count rate. A detection sensitivity of 1 ue of tritium per
liter of urine is routinely attained. During 1963, 2750 tritium bloassays
were performed using this procedure, _ |
The whole body dose 1s then determined from the equationé
Doge = 0,5 C5 t mrem
Co, ® specific activity (¢ T/liter)
t = time (Gays)
This equation assumes & biclogicel half life of 12 days, &n average hete

energy of 5.7 x 107> mev, and an RBE of 1.7,

1260197 -3%-
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FLOW CHART OF URANIUM BIOQASSAY PROCEDURE

The uranium blcassay program is primarily applied te the routlne
analysis of urenium in urine samples collected from employees whose werk
is related to the fabrication of urenium fuel elements, One ml of urine is
pipetted onto a small pletinum dish and tpen dried under a heet lamp, A Ilux
Pellet containing sodium flworide and sodium carbonate is added to the dish,
The flux is fused withk the urine sample by placing the sample for three
minutes in & muffle furnace heated to 1000 degrees centigrade, After cooling,
the sepple 1s then placed inte a fluorophotcmeter and the fluorescence iz read
&nd recorded relative to & uranium standard and # blank. A detection level
of about 2 ug U/l is routinely obteined, During 1963, 1800 urine samples

vere analyzed for uranium content by this procedure,
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Hanford policy requires that the quantity of externally received radiation
shall be evaluated for each persor vhe enters & Eanford production erea,

laberatory area or radiation zone,

The principal besis for exposure evaluation is the film dosimeter, There
are three film dosimeters ir current uae at Hanfo:d. These are the Beta-

Gamme Film Badge Dosimeter, Neutron Film Badge Dosimeter and Film Ring Doslmeter,

On & monthly-quarterly system about 48,000 beta-gamma film badge dosimeters are -
Processed per year., The processing of each film ylelds an estimate of the bets,

Eamna_and X~reay exposure received by the individual for the period the dosimeter

is worn,

Persons whose annual expoaur& is expected to be l&ss than 1 rem are on a

querterly dosimeter exchange periocd and others are on & menthly exchange

schedule,

-l-
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When it is'detemined that » person should routinely be provided & dosimeter,
& keypunched card informs the ccmputer master file for exposure of such need,
The film dosimeter is sent to the proper point for pick up and worn for the .
preecrited period. When the tipe comes for processing the film desimeter, they

are brought in by transportetion crewv and racked as the first step in pre-

cessing,

-h-
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From the racks the trays of dosimeterz are taken tec the dosimetér proceseing
machine, Here the oper.a.tor pleces the dosimetere in a slotted disk vhich
rotates the dosimeter to a pesition where an identification is X-rayed cnto

the film &nd then to a position where the film is removed end nev film insertied,
The dosimeter is thenm replaced in the tray in the crder in which received angd

returned to the rack until time for the next exchange.

w6
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The film packets are bupndled and taken to the darkrocm where the film is placed
in slotted plastic trays, one film to each slot, There is both a sens}tive
(508) and insensitive (1290} film in the Dupont 558 dosimeter packet, The
sensitive film is trayed for processing and the insensitive placed in a light
tight box until it is verified that there iz no need to process it., If needed,
as & result of very high exposures, the Insensitive film is procezsed and the

film or films are obtained.

When sufficient trays are filled with film, they are pleced in a film processing
carrier, Eight hundred and Iifty films can be processed in one carrier. The

carrier is then procesged through the various stages of photographic develcrment
by & chain driver pneumetic 1ift system, Time and temperaturs are agtcmatically

controlled througheut the process,

With each batch of perscnnel film processed a set of cellbraticn film is

processed., Eech set consists of 14 pileces of film exposed to Re y at doses
froem 15 mR te 10 R, 13 pieces of film expesed to urenium f at doses froem 15
mrads to 5 rads, T pleces of film exposed to 17 Kev Xeraye at doses from 20

mr to 160 mr and 10 pleces of blank film,

~Ba
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After the processing which takes sbout one hour and the drying of the film
vhich is usually accomplished overnight, the film, still in the plastic trays,
is taken to the sutomatic densitometer. The automatic denslitcmeter indexes
the trays forwerd one slot at e time., A plunger carries a film to the reading
hesd where-the rhoto-electronics read the film identification apd the film
derkening behind the open windew, plestic, ireon and tantalum filters. This
reading in the form of electrical impulses is fed to a keypunch machire which
records the densitometer reading in punched card lenguage. Certain common
informetion such as batch nurber, period of memsurement, etc, 1ls mleo suto-

matically punched,

1260810
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After sorting on identification number the cerds obtained from the dencitometer
are compared on a collator with a complete prepared set of cards ldentifying
those persons for whom film dosimeters should be obtained at this processing.

Cards for which there is no metch indicates an exception in dosimeter accounte

ability.

When accountabllity of dosimeters is establisghed, the film density cards ard
celibrated film density cerds are sent with transmittnl.to datg proceésing
where the computer determines the fsrious doges, updatee the irdividual records,
prepares 2 number of reports and prepares the master deck for the next process-

ing which completes the cycle,

-12-
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Feutron desimeters née igsued at field 1ocations and &re identified with the
wearer at that tine, Apprcximntel:-r 1;,000 neutron film badge dosimeters are
processed annuelly., After use the dosimeter :ls. X-rayed to permanently mark
the fiim with location, period of use and ldentification of the wearer,

Thirteen dosimetiers are X-ray coded at cne time,

After procéssing. the opticel density is read behind the tin and cadmium
filters on the slow neutron film {Dupont 558 packet). The difference in

the two readings is a measure of the slow neutron exposure.

ella
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Proton recell tracks in the thick NTA nuclear track emulsion are counted with
the ald cf a high power microscope., The fast neutron dose is calculated by
comparing the tracks observed with the number of tracks observed on.rilm expoeed
te pluteonium flucride, The energy spectrum of plutenium fluoride most resembles

typlcal fast neutrcn spectra observed at Hanford.

About 1,000 NTA filma ere resd annually,

17w
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Hand exposure to ionizing redistion is measured by use of the Henford Film
Ring Dosimeter., The dosimeter is worn while in radiation zenpes or while
working with radioactive materials by employees whose hend exposure 1s
expected to exceed 1 rem per month, About 5,000 Film Ring Dosimeters are

processed snnually.

{Z260819
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Films are removed from finger rings and processed through the darkroom.
Accountability i1s maintained by listing the film on record sheets and

maintaining position on the proceasing hangers.

The film for the ring shown iz obleng but in demsity it will appear much

like the older film shown on the hanger.
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After darkroom processing the optical density on the finger ring film is
read on & manual densitometer, The results are keypunched and processed

through a computer for preparation of record and report.

~23a
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APPENDIX I

EVALUATION OF AMOUNTS OF INTERNALLY DEPOSITED
SQLUBLE PILUTONIUM FROM URINAIXYSIS DATA -

"Soluble“Plutonium

The evaluetion of the amount of soluble plutonium internally deposited in a

person is accomplished by quantitetively analyzing urine samples for plutenium -
content and fitting the plutonium urinary excretion data thus cbtained to mathe-
matical 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 depositicn. 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 calculete the amount of
deposited soluble plutonium which the mathematical model: indicates would result in
the exhibited excretion rates.

The term "soluble" plutenium refers to that dnternally deposited plutonium which,
at some time during the period of depositicn, becomes soluble in the body fluids.
For evaluation purposes, it is assumed that essentielly all of the solubilized

plutonium is subsequently deposited in the bone gtructure, 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 hight be internally deposited in insoluble form and remain pernmnently
insoluble to the body fluids. :

For evaluation purposes, the "soluble" plutonium deposited is considered to consist
of "initially soluble" plutonium and/or "initially inscluble" (less readily-soluble)
plutonium. “Initially soluble” plubonium is defined es that plutonium which becomes
solubilized by the body fluids within a few hours or days after being taken into.
the body, and hence is present in smell amounts ir urine samples collected within

a few days following intake. "Initially insoluble” plutonlum is defined as that
rlutonium which is not solubilized by the-body fluids for severel days following
inteke, but.does begin graduslly to be solubilized after .several feys or months
have elapsed. In determining whether the soluble plutonium was deposited in
initielly soluble form, initially insoluble form, or in both forms, the evaluator
fits the plutonium urinary execretion data obtained following the deposition to
mathematical models describing excretion retes to be expected from depositions

of initiglly soluble end initially insoluble plutonium. The model (models )} best
fitting the data is (are) ther used to calculate an estimate of. the amount of
soldble Plutonium deposited. :

Langhem's Model for Initielly Soluble Plutonium

A. Theogx

The model used to evaluate the amount of initially soluble plutonium deposited
wes derived by W. H.. langhem.(l) Langham derived the following equation to
describe the rate of urinary excretion of initially soluble plutonium entering
the bleodstream following an acute eXposure, regardless of the mechanism by

1260825
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_ which internal deposition occurs: X = 0,002

Appendix I -2

-Oo T‘l" (l)
In this equation, "t" is the number of days elapsed between deposition and

- sample collection, .while "X" ig the predicted urinary excretion rate of initially
- 60luble plutonium after "t" days, expressed as 2 fraction of the initial deposition
of initially soldble plutonium,-qo.' Solving equation (1) for Q, ylields: -

QO=... X | - '.|;,
(1)

0.002'5"0‘7h

B. Application -

Equation (1) indicates that the plutonium urinary excretion rate decreases
logarithrically as the number of days between deposition end sample collectlen
increases. For a glven value of Q., measured in d/m, equation (1) can be

expressed graphically as a-straight .line with slope of -0.74 when paired values

of t and X are plotted logarithmically (with "d/m excreted per day" as the ordinate
and "nunber of days elapsed" as the sbscissa). Hence, if one plots analytical
plutonium urinary excretion data (from = person who received an internal deposition
of initially soluble plutonium on & ¥nown date) logarithmically versus the number
of days between deposition and sample collection, a straight line with slope of
-0.T4 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
yleld the estimate of Q provided by this application of equation (1). In practice,
values of £ = 1 day and the corresponding value of X ere substituted into
equﬁtlgnx(l) , since when t = 1 dey the eguation reduces to the simple form

55— Figure (l) presents en example to 1llustrate the use of Langham's

model for initially soluble Plutonium.

Healz's Model for Initially Insoluble Plutonium
A. Theo;y ' o B ' |

The model used 4o evaluate the amount of initially insoluble plutonium deposited
was derived by J. W. Healy. 2). Hemnly derived the following equation to describe
the rate of urinary excretion of initially insoluble in the lung or other metabolic
pool " . . igolated from the normal metsbolism of the beody but continuelly
injecting plutonivm into the bloodstream at & rate dependent upon the charscter

of the deposited material and relevant physiological Frocesses. " :

B, 70,002 AgQ, Jﬁ e-lf (BR-£)-0-Th gt (2)

In this equation, ih = the daily urinary excretion rate of initially insocluble
plutonium, expressed es e fraction of the initlal deposition
of initially insoluble plutonium; .

18 =, the rate of solubilization and transfer to the bloodstream of
initislly insoluble plutonium;

12b082b
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Qb = the quantity of initislly insoluble plutonium deposited in the body
- {and retained in the body following the initial clearance from the
lung by ciliery action, in the case of deposition by‘inhalation);

A = 13+lc'= the total rate of transfer of initially insoluble plutonium from the

lung or other metabolic pool, due to solubilization and iransfer to-
the bloodstream (and ciliary action following initial ciliary
clearance in the case of deposition by ivhalation);

R = the number of daﬁs elapsed between depoéition of the plutonium in the
S metabolic pool and the date of urine sample collection;

the number of days required for initially inscluble plutonium to be
trengferred from the lung or other metabolic pool to the bloodstiream.

and t

Although equation (2) is not integrable, the integral has been solved for

several values of A, R, and t by expansion of the exponentiel term. The

"\ curves” thus obtained mre used in solving egquation (2) for the quantity of
initially insoluble plutcnium, Q , deposited in the body. Hesly demonstrated
that L., the rate of trensfer of initially irsoluble plutonium from the lung via
cilisry action (not including initial ciliary clearance), is on the order of ten
percent of A, Thus, Ag can be assumed equivalent to A for all practical purposes.
Of course in cases where the mastebolic pool is not the lung but scme other site,
such as & puncture wound, A, is inappliceble and i; is thus exactly equivalent

to ). Substituting A for ks and solving equation ?2) for Q, ylelds:

By

% = ' (2)'

0.002 A I& e “At (R-4)*C-TH at

B. A lcation

. _ : \
Several "A curves" have been prepared to permit cne to solve egquation (2)
for Q,. TFor each A curve, A was arbitrarily assigned scme given value. Then

- values of the integral were determined corresponding to the value assigned to

3 and the several velues assigned to R, the number of days elapsed between
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 irt egral versus the
corresponding values of R ylelds & ) curve, for the value of ) assumeq, which
represents the shape of the excretion curve predicted by equation (2) regardiess
of the magnitude of Q.

The appropriate value of A to use in evaluating the amount of initielly inscluble
Plutonium deposited is thus- determined by plotting the plutonium urinary
excretion dete logarithmically ("d/m Pu per urine sample” &s the ordinate

versus "number of days between deposition ard sample collection" as the abscissa)
and experimentally determining which A curve best fite the plotted data.
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Appendix I S e

Equation (2) can then be solved for Qo by substituting for K, and the integral
a pair of values corresponding to any given number of days post intake., In:
practice it is convenient to choose the maximm value of the integral and the
corresponding maximm value of E,, the maximum excretion rate {expressed in
units of &/m per sample) as dete nined by the A curve fitted to the plotted
analyticel data. Figure (2) presents an example to illustrate the use of ,
Healy 8 model for initially insoluble plutonium.

iﬁscellanéous Cons idera'ti s

4 - K

Comments on several points are warranted to assist ome. in understanding the
techniques, procedures and assumptions utilized in evaluating the amount of
soluble plutanium deposited 1n B pPerson..

A. Detectiom Ievels

The analytical ‘detection level for plutonium urinelysis has changed over the

years as improved analyticel and counting procedures were developed. The following
table indicates these changes.  In order for an analytical result to be considered
"positive" it must be equal to or greater than the cetection level in erfect at
the time of analysis.

___ Time Period __ . Detection Limit (d/m Pu Per Sam:ple)
Prior to June 1949 _ _ 0.66 -
June' 1949 to Dec. 1952 " 0.33
" Dec.’ 1952 to 1/28/53 0.18
- 1/28/53 to0''3/27/53 0.15
3/27/53 to 11/7/53 0.05
11/7/53 4o 12/k/53 0.07
12/4/53 to present 0.05

B. Interpreting Plutonium Urinalysis Dsta

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. Prefersbly a minimum of five samples are -currently
cttained, with the engineer using his discretion duzing evaluation should both
positive and negative results be dbtuined.- . :

c. Sample Collection Period

The models for evaluation of initially soluble and initielly insoluble plutonium
both fnveolve the daily urinary excretion rate of plutonium; that is, the amounts
of plutonium excreted in the urine during 2l-hour periods. Hence, the urine
samples anelyzed mist be representative of such plutonium exeretion. In some
cases persons to be sampled are instructed to collect all.urine voided during

2 2k-hour period. However, in most cases the person is requested to collect

a "simulated 24-hour urine sample" (scmetimes referred to as & "LB-hour urine
sample” ). Such a sample is to consist of all urine voided one-half hour before
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ANALYTICAL DATA

d/m Pu per Sample| 0,48{0.32}0.18) 0,12/ 0,10] 0.060|D.065]0.040[ 0,035
Days Post Intake 2 4 T 13 20 3D 40 50 &0
1.0 ]
0.80 d/m for t = 1 day ]
—
-]
- 0.1 —A
E =
w -
& g
2 ]
=
= _
=
= Siope = -0,74 _
& .
§_) & | _
w
5
] X
£ : 0.74
-] 0. -
by 0.01 +—— 002t
= —
@ B Fort =1 Day, X = 0,80 d/m Pu (From Fitted Curve)
= —
| .80
Thus @, = 9.8 dfmopu = 400 d/m Pu
i (0;002)(1)"0. 74 j
0.001 i ] !lliLl A ! llllll J ! 1J:1||
1 10 100 1000

Days Post Intake
FIGURE 1

Example of Application of Langham's Model for Urinary Excretion of

L

AEC-ET FICHLAMD. wAkH
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K : HANFORD WHOLE BODY COUNTER

Routine: Other: Date:
Name: Payroll No.:

Soc.Sec.No.:
Age: . Weight: Helght: Sex:
Residence:
Amount of Milk/Day: Amount of Meat/Day:

{Average, Below or Above Average, None)
Job Title: Bldg. and Area:
Exposed to Contamination: Type:
Exposed to Neutrons: (yes) {no) {occas. )
Date of.Incident: Place of Incident:
Incident:
)

Counting Time:  Energy Calibration: Crystal: HV:
Na counts: K counts: Zn counts: Cs counts: 30K counts:

{channels 157-1525 (channels BF-78) (channels 52-80) (channels 30-36) (channels 10-20)

Nya Mg ¥2n Nes ook
x 7.69x1076 - 1.05 Mya - 103 Mya - .L26 Mya - 2,06 e
( )(.0707) - .2L49 MK - 185 Ng - 660 Nk
( 31.21310-5) - .260Nzn . - 1.08 Vzn
( )(5.57x10°0) - 1.05 Nes
( )(.05)
i ue¢ Na grams X uc Zn uc Cs c/m GOK

Note: N's are the total counts in 20 minutes.
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Sheet  of

HANFORD WHOLE BODY COUNTER

PLUTONIUM WOUND EXAMINATION RECORD

Nane Payroll # Suffix

Home Address

Examinee Accompanied By

Incident Occurred: Date Time

Building & Area In Which Incident Occurred

Wound Type: Puncture Abrasion Laceration Other

Location of Wound

Date Time of Wound Examination

Count Serial Number

(a) Source Count Counts per 10 minutes

(b} Wound Count Counts per 10 minutes

{¢} Background Count#* : Counts per 10 minutes
Calculation:

(b=c) x [ Standard source activity d/m [ = uc Pu23?
(a=c) ' 2.22 x 10° d/m/uc

ue at wound site

g T WS e B e ke e . g — —— - -
v —— - . - —— ———

Was Industrial Medical notified as & result of this incident?

Yes, Doctor J No

Released From Controlled Injury Zone By

Whole Body Counter Examination Conducted By

% This background count is either a 10 minute count in the empty counting chamber
or preferably a 10 minute count of the examinees' uncontaminated bilateral
counterpart. :
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SOC.SEC.NO. DATE
SOREES BAYROLL NO. AND BSUFFIX BLDG. AREA
AGE |HEIGHT wEIGHT SEX | macE |@ccuraTION EMBRLOYED BY

HOW LONG HAYE YOU LIVED [N THE COMMUNITY WHERE YOU HOW RESIDET

YRS,

[ weee

T mumicimarL svstem

WHAT IS THE SOURACE OF DRINKING WATER [N YOUR HOMET

CJeruen wesering

HOW MANY GLASMES
OF WATER DO YOU
DRIKK PER DaY?

HOW MANY CURS OF
COFFEE AND/OR TEA
DO YOU DMINK PER DAY?

———— e

HOW MANY GLABSES
OF MILK DO YOU
DRAINKE PER DAYYT

WHAT B THE SOURCE OF YOUR MILK SUPPLY?T

D COMMERCIAL

D LOCAL FARME {LOCATED WHENE?

D OWN COWS

Do YOu REGULARALY USEY

WHICH BRAND OF SOMMEmMCIAL MILK

HOW MANY TIMES A WEEK DO YOU EAT FRESH MEATY

WHERE DO YOU OBTAIN YOUR MEATY
. B MEAT MARKET

D HOME GROWN

- LOCAL FARMS (LOCATRD WHERE}

HOW MANY TIMES & YEAR DO YOLU EAT THE FOLLOWING SEAFOODIT

FRESH OYSTERS

FRESW CRAR

WHEN WAS THE LAIT TIME YCU ATE SEAFOGD
AS THE PRINCIPAL PART OF & MEALY

YITER JITEW

FREFM T LAME

CANNED CYSTERS LOBSTER
CANNED ) WHICH SEAFOOD WAS ITT
CLAM CHOWDER AHRIME

CANNED )

GROLCERY

D LeCAL FARMS (LOCATED WHERET)

AERE DO YOU AEGULARLY DBTAIN YOUR FREAH FRUITS AND VEGETARLESY

D HOME GROWM

HOW MAMY TIMES A YEARM DO YO EAT THE FOLLOWING GAME BIRDST

DUCK

QUAIL

CHUMMKAR

GOOSE

PHEAJANT

CHOUSKE

SPECIFIED LOCATIONSY

HOW MANY TIMES A YEAR 'O YOU EAT ANY OF THE FOLL OWING FISH CAUGPI-fT AT THE

COLUMBILA

mIVER

YAKIMA RIVER

CATCH LOCATION

whaT FracTion (1, %, ¥, aLL)
OF THESE FIsSH WERE EATEN ~

KIND UNKNOWN

iz 'y T
RINGOLD TO RICHLAND | RICHLAND TO MCNARY MoUTH To UNKNOWN
HOWN DaM
SALMON FRESH
STEELHEAD
WHITEFISH CANNED
BASS
CRAPPIE FROZIEN
CATFISH
AIMOKED
SUCKERSE
FERCH HOW MANY MONTHS O THE
AVERAGE WERE THRE FISH
PRESERVED BEFOME EATINGY
TROUT
JMGECN
OTHER

BD=7000=110( 2~43 ] AKCAR wiCWisNy, Wadn.
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HANFORD'S ENVIRONMERTAT. MONITCRING PROGRAM

LECTURE OUTLINE
March, 1964

By J. K. Soldat

I. ORGANIZATION AND FUNCTIONS OF ES&ED

A, Pu! Eose

1, Detect, measure, and follow trends of environmentel contamination

2, Evsluate and report findings in terms of radistion doses to
people in the envirens of Hanford

3, Perform R&D on the effects of Hanford on the environs including
the Columble River

B. Orpanization of Environmental Studies & Evaluation Operation

(See chart P, 2)

II. SOURCES n™ EXPOSURE IN THE ENVIRONS (See Appendices A, B, & e)

ITI, RADIOACTIVE MATERIALS IN COLUMBIA PIVER WATER

A. Sources

1. Cooling Water ®rom Production Reactors

{a}
(b}
()

(a)
(e)

Main source of river contaminatien
Fission products from natural uranium and ruptures

Neutron Activetion Products from imvurities in cooling
water and structural materials

Sampled st reactor areas by IFD

Integrated samples by EMO &t hasin outlets - for longe
lived radionuclides

2, 100-N

{a)
{v)

1260834

Pecirculating cooling water

Negligible additions to river
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3. PRIR
(a)
)
(e)

~3-

Recirculating cooling water
Regligible additions to the river
Highest activity effluents sampled by operations before

releage end routed to 340 fameility if above limits
(5 x 1075 ueB/ec).

Lk, 200 Arem Liquid Wastes

(a)
{b)

To river via ground water in six to seven years

Regligible smount of 2% =nd Rul0S

5. Fellout Materials

(a)
(b)

Sr20 410"9 ue/ce

H3 41078 ue/ee

B. Eggosure Pathways

1. Swimming. skiing, or boating

(a)
(p)

{e)

(a)

Direct externsl gamma

Mamsured by regular pocket dosimeters placed in plastice
bottles at 2' to 5' depth,

Readings -~ 3. mr/day at 300 Area, 2. mr/day st Pichland,
1.5 mr/dey st Pasco-Kennewick.

Assumed 240 hours of river occupancy per yvear

2. Drinking Water

(e)
(b)

(e)
{a)

{e)

12b083b

Sampled by EM and anslyzed isotopically

River at Vernits Ferry, Hanford, 300 Area, Pasco, and
McRary Dam

Sanitary at Richlend, Pasco, and Kennewick.

300 Area Automstic Columbis Piver monitering station has
continuous measurement and slarm at 300 Ares Badge House,

USPHS sends in samples from Vancouver twice per month.
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3. Irrigation with Columbia River Vater

‘(a) Irrigation is a negligidle source compared with direct
deposition of airborne materials.

(b) Beef cattle contsin Zn65 but néidetectable P34. in muscle,

{c) Milk from 1rrigl.ted dsiries conteins small amounts of
r-"z and 2n%

(a) EMO samples milk weekly, beef monthly, and crops in
season. )

b, Fieh and Waterfowl |
(s) ¥ish eand ducks pick up P2 and Za%® 1n Columbia River.
(b) Ducks may get some F.P.'s from 200 Ares surfece ponds.
(¢) Main exposure is from P32 deposited in bones of peopls.
{a) Omly a'bout. 10% of ducks have detectable radicactivity.
(e) Creel census used to define fishing and eating hebits.

(£} Pew whole body counts of fishermen for Zn®5 taken - lower
than expected.

(g) Experimentsl test - X Foster consumed 1 whitefish meal
per week and had Zn® uptake four times expected velue.

(b} 7Pish consumption thersfore must be overestimated and our
culcnlations of dose received are probably high.

(1) In 1963 aversge vhitefish flesh vas ~T00 pc P¥2/gram at
Ringold, the area of higheat fish content.

Se Oysters
(2) Zn®5 and mcme P32 persists ia Columbim River to the Ocean
(v) Picked up by equatic organisms especially shellﬁ.ah
(¢} Samples sent to EMO twe times per month from cyster beds -

(4) Apnoual uverage eyster conteat in 1963 was 80 pc 2085 /gram
and 5 pe P32 /gram.
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IV. RADIOACTIVE MATERIALS IN THE AIR

A. Sources
1. CPD Stacks
{e) Main Hanford contributors to elrborne contamination

(b) 0.3 ¢ I131/day, and ~10 mc filtersble gross bete per
day, some noble gases.

2. Fallout
{a) 113} and some Bal“P-Lal“? in fresh fsllout
() s£39, Zr95-N$95 in intermediate age fallout.
(¢) 5r2°, cs'37 anad some Cel““~Pri“* in oclder fallout

3. Reactor Stacks

(a) Noble gases from ruptured fuel
(b) 1-5 curies H® per day from PRTR
(c) Some Ha, ¢l*, s%% rrom production reactors

L, Reseerch Facilities

(a) Short-lived F.P. when dissolving irradiated specimens
(b} Long-lived F.P. when studying waste treatment and FP recovery

S Biology Farm

(a) Radionuclides used in animsl tests
(b) Negligible emounte released

6. Stack Monitoring

(a) Major stacks by EMO
(b) Others by RMO or production forces

(e} Limits set for most stacks; important radionuclides will
be listed in new RPS.

B. Exposure Pathways

1. Inhslstion

(a) Main contribution ig I!3}

1Zb0838
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(b} Air monitoring is done at "61U Buildings" and transportable
"dog houses”.

(¢) Particle filters, caustic scrubbers (for I!3!), ana
recording gemma monitors (high range for emergencles).

(4) Average T'3! gt Tri_Cities in 1963 was 22 x 10~!% wue/ee
(1962 was A8 x 10-1% yc/cc due to fallout). '

2, Contaminated Crops

(a) Concentrations smell ~ some I131 and Sr90.

{(ti~=tsPRSrE ot DT Mo TS timrte

(c).—Dase—#ron—i—kg-trops—sssumeﬂ*tU'Us*!qgngtuthsﬁﬁof;
n g oe =«

. & avaliablie—
on-mtik). 907 Sk’ — S

0N S gwren Fydh
Fe 5wﬁ47s:ﬁﬁ:4ﬁahf g z

: L 7 po e
(d) Dose from 113! calculated 2{rectly by assuéfngP_O’éfday of
leafy vegetables are esaten,

3. Milk

(a) Maindy ¥'3! plus some Sr3C

{b) Some P32 and Zn®° when pesture is irrigated with Columbia
River water drawn below reactors. )

(c) EMO samples 6 farms weekly (milk and pasture grass),
2 milk shed composites each two per month, end 3 commercial
brands st store each two per month,

(@) 1'3! in milk was low in early 1963, Peak in June of 84
pe/l due to fallout.

_ ' (e) In September 1963 unplenned relesse of ~80 curies of
Y 1131 led to messurement of 140 pc I'31/liter milkx and
extrapolated peaks of AlL00 pc/liter.

(£) Maximum dose from this relesse was < 30 mrem/thyroid.

(g) Fallout meterials in milk were ususlly below detection
levels of 4 pe SrB2/liter and 30 pe Cs!37/1iter,

k., Beef Thyroids

(a) Sampled at 5 slaughterhouses several times per month.
{p) Analyzed for I'?! vy gamma-scan
(¢} Concentrations of 1131 gre 102 . 103 higher in beef

thyroids then in milk and pasture grass, so thyroids are &
good trend index when I131 45 the others is too low to measure.
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V. MISCELLANEQUS MEASUREMENTS

A. External Gamma Doge

1. Stray Padistion Chambers

(a) Used near Y-Barricade and st 747 Building (Bioassay Lab)

(b) Aversge gamms dose is 70,5 mr/day nearly all due to fallout
and natursl background radiation,

B, “Nround Surveys

1, Control Plots

(a) Smell areas of ground (100 ft2) surveyed repetitively for
trend indicator and to detect releases of radicactive
materials otherwise missed

(b) Two sets around Purex and Redox stacks and others on
Wahluke Slope

(¢} Number of radicactive particles plus survey instrument
readings recorded monthly to quarterly

3 ' 2. Burisl Ground Audit

{a) Solia waste buriel grounds surveyed twice a year to check
on contemination status

() Stetus of fences, signs and housekeeping are also mudited

3. Aeriel Survev

(a) Quarterly flights on project, down river, and over environs

(b) To meesure background and check for contamination possibly
missed by other measurements

{(c) To keep equipment in good working order for use in en
emergency

VI. COMPOSITE DOSE (See Annual Reports such as HW-80991 for 1963, for details)

A, Bases for Calcwletion

1. ICFRP parameters for "standsrd man"

3 2. Modified for child's thyreid dose to sccount for difference
' in orgen size and food intake

1260840
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Lo, ﬂ:_
L5 45 Ko Fizk
~8- 144 £z jéi M'a,ﬁf'
36 30 K Lont ¥
-2"\5';- sk W5 (K17 L
%, _pssumed meximum gonaumptions of specific foods 7/ 20d i
=~ 72 L.

(¢} 60 grams afy vegetebles per day

- (a) @ iters of water pe:\33Y (edult only, child varies
- _-With sge)

B, Exposure Limits for Various Critical Organs

" 1. GI Tract
(Q) NCRP -~ 1500 mrems/year
(b) FRC - 1500 mrems/year
2. Totel Body |
{a} KNCRP - 500 mrems/yesr
(b) FRC ~ maximum individual,lsoo mrems /year
(e) FRC - average of suitable sample, 170 mrems/fear
3. Thyroid ' |
{a) NCRP -~ 3000 mrems/yesr
(b) TFRC - maximum individusl, 1500 mrems/year
(¢) FRC - average of suitable sample, 500 mrems/year
(d) FRC - range concep£ - annual average.iﬁtake of 100 pe
of 113! per desy 2 500 mrems/year to thyroid of
small child.
"4, Bone

(a) NCRP - Maximum Permissible Rate of Intske (MPRI}*

" (v) PRC ~ maximum individuel, 1500 mrems/year

® The Maximum Permissible Bate of Intske (MPRI) is taken es the maximum
permissible concentration in water for e given radicnuclide, as recom-
mended by the NCRP for persons in the nelighborhood of controlled ares,
multiplied by the rate of water intake as defined for the standard man.
This amounts to one-tenth of the MPC's for continuous exposure of
oceupational workers multiplied by 2,200 ce per day, or by 800 liters
per year in the case of annuel estimates.
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(e) FRC = average of suitable sample, 500 mrems/year
- (d) FRC - specific nuclides expressed as permissible daily
intakes on an annual average basis (Top of Range II).
. .Srag . = 2000 pc/day ,
) - 8r% _ 200 pe/day
Ra?28 _ - 20 pe/day.
C. Composite Doses for the Year of 1963
) 1. Hypothetical maximum person (adult) consuming local fish,
‘oysters, crops, milk, water, ete, :
ReL - :
(a) GI Trect - & mrems By
23 .
(b) Totael Body -#% mrems N
/7
(e) Thyroid {eadult) - 25 mrems =7
. - BoR FXC..
(a) Bone -'g% of MERI 7%
‘ 2. o Resident (not eating whitef and not using the river
o for wecreation)
) | (a)
(v}
{c)
(&)
(e)

3. PRichland Residents AVG.

(a) ©6I Tract --ég-mrems

{(b): Total Body - 15 mrems

(c) Thyroid (edult) -'gmrems
(a)

2

(e) Bone - 8% MPRI (could be 415% in 196k, Columbis River water)

k, Rursl Resident (consuming locel milk and produce, but not

_ ¥hitefis
) (a) GI Tra 5fmrems
(b) 2l Body e 20 mrems
126081472



oy ¥

1260843

Bomucns SEFRC



APPENDIX A
#

M

SOURCES OF RADIATION EYPOSURE IN THE ENVIROHS

I. EXTERNAL
A 'Plﬂ'.ﬂt"‘éOuff:er
1. Airi:ome
(a) Gaseous snd Particulate
2. Depﬁsited oﬁ*-'\‘egetntion and Ground or in water
3. Water -'W?W(éﬁe?iﬂi'ép&ai-
(a) S\-fimi"ng
(v) Boating
B. 'Falloﬁt-' s
1. Alrdborne Materiel
2, Deposited on Vegetation, Ground, or in Water
C. Natursl Background Radiation
1, Cosmic Reys .
2. Radon, Thoron, and their Decay Products
3. Ra.dioaéti_ve Substances in Seil, Rocks, water; Building Materials, etc.

D. Medical Egosures

1. Disgnostic X~Rays - Chest, GI Tract, etc.
2, Dental X-Ra.fs
3. Treatments for Cancer aﬁd Dermatitis
II, INTERNAL |
.A.' ‘Pléant “Sources
1. Bre.o.thing AMrborne Materials
(a) Gaseous - I*31, Noble Gases

{v) Particulate - F,P,*'s., U, and Pu

1 7h08LY
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2. Drinking Water-borne Materials
(a) Reactor Cooling .W_nt_éi" Radioactivity
(p) Fallout of Airbonne Mafnniall. )
3. Eating Vegetation Contaminated by
(a) Water-borne Materials through Irrigntion
(b) Fallout of Alrborne Mnmgrials onto Vﬁgetation

4, Eating Meat From: .
(a) Grazing Animsl fed on iri-igated—

vegetation

{v) Fish caught neafotne: projélrt_
5. "Iaxloutigl

1, Breathing airborne materials
2, Eating vegetation and meat directly or indirectly contaninated
3 Drinking water conta.ining sattoutfiNNND

C. Natursl Background Radistion

1., BRadon and Thoron snd decay productl breathed 1nto lungl

2. Eating foods and drinking water containing naturally rndioactive
materials

3, Netural #3, c2¥, K40, ana Re??® 1n body

D. Medical Treatments

1. Treatments with Isotopes
{a) 1131 _ Thyroia _
(v) P32 = Cancer

2, Redioactive Tracer Tests

(a) Ne2* . Blooa Circulation Study
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APPERDIX B

NATURAL RADIOACTIVE SUBSTARCES

I. EXTERNAL EXPOSURES

A. Cosmic Bavs
1. 0.1 mr/day at ses level
2, 0.2 mr/day at S000 feet above sea level

B, Naturaslly Occurring Redioactive Materlals - in:

1. BSoil, rocks; alr, water, and building materials add up to

2, 0.2 mr/dey

- L
C. Total Whole Body Exposure

1, 0,3 mrad/day

L™
]

-2, 3 tok rad per 30 years

II. INTERNAL EXPOSURES

A. ILungs
1. Radon and Thorun and their Decay Producys, inheled

2, One (1) to 50 mrem/day
B. Bone
1. Ra226 end Kho in bone and tissues
2. 0,15 mrem/day
C. Gonads
1. Clh, Kho, Ra?zs, and Decay Products of Ha226
2, 0.07 mrem/day o

D, BRBody Concentrations

1, H3 -3x 10“5 ue
2. o% _ 9 x 1072 yeo
3, K0 -1 x 1072 ue

b, Ra226 _ 2 x 10* yec (varisble)
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IIT, MISCELLANEOUS DATA

A. Radium Springs _
i, World Maximum - 7 x.lo"h ue Ra/ee at Masutomi, Japan

2. U. S, Maximum « 3 x 10"h ve Ra/ec at Boulder, Colorado
3. Generallf ~ Few sbove 3 x 16'5 ue Ra/ee
B. Redium in Tep Water
| 1, U. S. Generally - 0 to 1 x 10710 ye Ra/cc
2. Joliet, Illinois - § x 10~ ue Ra/ec
C. Redon in Alr |
1, Normelly in room air - 1019 to 10~11l uc/ec
2, In Colorado, uranium mines - 10-6 to 10-5 ue/ce of elr
3. Normglly in eir of Pacific Northwest - 1 to 5 x 10-11 yue/ec

D, Thoron in Air

1. Thoron is normally 0.1 percent to 5 percent of Radon concentrations
E, Urenium |

1. In Earth's crust - 1015 Tons

2, 1In ocemns - 1020 Tons

3. Average in surface scil - 1 to 2 ppm

L, FKormally in Columbia, Sneke, and Yekima River water - 10-2 ue/ec

5. Normelly in Benton City well water - 100 wc/ce
F. Tritium |

1, Total in atmoesphere = 2/3 ounce

2, Total in oceans - 2 pounds

3. Total in inland waters - 1/3 cunce
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APPENDIX C

RADTATION EXPOSURES FPOM SOME MEDICAL TREATMENTS 'AND EXAMINATIONS

Procedure

Dentel X-Ray

Chest'X—Ray

Fluorscopy

Barium Contrast Studies

G.I. Series

Pregnency X-Ray Examinetions
Thymus Treatment

Acne Treatment

Tymor Treatment

507 fModon !

Yn ral Bl /05 m amy'yn

21 /gﬁ;m;':, F/“M/é

2.5 Andrsmo

25 Fataet

25 TV S 6wt 1.,

1260848

"gggﬁsure
1 to 15 R/film
50 mr/film
10 to 20 R/min
1 to 2 R/series
1 to 8 R/series
20 to 65 R Total
75 to 350 B Totel
500 to 1000 R Total

3000 to TO00 R Total
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APPENDIX D

I. RELEASE TO RIVER

A. Problem |
c§mputa the maximum sustained release rate of P32 per month from an
atomic enefgy plant 1nt§ a river using the "yater + fish + human"
pathway and the fbllowing assunmptions:

1. AVeragiﬁh over g 12 month.pericd in éermissible_

2, The MPC of P32 4pn drinking water for non-occupational vorkers is
2 x 10=5 ue/ce,

3. A person drinks 2200 c¢/day

L, The concentration factor -LS/E Tl for P32 petween fish and
water is: ue/ce water
Jan, 2,000 . My 10,000 Sept, 100,000
Peb, 1,000 - June 25,000 Oct. . 50,000
Mar. 2,000 ~ July 50,000 Nov. 10,000
Apra 5,000 Aug., 100,000 Dec. 5,000

5e The flcw rate of the river is 80 000 cubie feet per sec,

60 The consumption rate of fish is 200 grems per week but only cne
fish in ten comes from the contaminated river.

B, Solution

1. Average the 12 concentration f;ctors given in the problem and
find the annual average factor to be 30,000 ue P32/g of Tish per
ue P32/cc of water,

-2; Calculate the river flow rate in terms of ce¢/month.
1w=8x10"%§ x 2,83 x 10% cc/ft3 x 30 d/month x 8.6k x 10% F=
Flow = 5.87 x 1015 ce/month

3. Assume allowsble intske in uc P32/day is the product of MPC, and
2,2 x 10% cc/dsy. ‘

2 x 10-% ye/ee x 2.2 x 10? ce/dny = 4.4 x 1072 ye/day
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4, Calculate the average number of grams of fish from contaminated

river which are actually eaten per day.

200 g fish/week , 1 coptaminated fish
Consumption = _Q_Lﬂ7_L x 4 contaminated 2i5h
et T days/week 10 total fish
= 2.B6 g/day of contaminated fish eaten
5. Calculate the ?32 content of the river and of the fish if one curie

ot p32 per month were discharged to the river,

Water content = 1 curie x 106 & x oy
¢ 5.87 x 10°% cc/month

1.7 x 10710 yo/ee weter

Fish content 30,000 x water content

3 x 10% x 1.7 x 10710 = 5,1 x 107% uc/gram fish

6. Calculate total deily P5° intake if 1 c/month were released.
Intake = (1.7 x 1010 vefee x 2.2 x 10? ce/a) + (5.1 x 10-8 ve/g x 2,86 gfday)

(3.74 x 10=7 ue/dey ) + {1.46 x 1075 uc/day)

Intake

1.50 x 1075 ye/day

T. Find fatio of MPRI and intake from one curie per month relessed,

This ratio is the permissible release rate.

(4.5 x 1072 uc/day)

Permissible Relesse Rate = 3 -
1,5 x 10=° uc/aday/c relemsed/month

| Peymissible Release = 2.9 x 103 ¢/month*

® Yote: This release limit would be reduced to V1.5 x 103 ¢/month if it
were calculated on the basis of the FRC's recommendation of
1.5 mrem/year to the bone of the maximum individuel.
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II. PRELEASE TO ATMOSPHERE

A, Problem
Compute the maximum permissidle comcentration of 1331 4n the atmos~
phere .outaido. of an atoilz saergy rlant on the basis of the atmos-
phere + vegetation + cow-r + milk + human pl.:hhww. Use the following
assumptions: |
1. The meximum permissible rate of Intake i{s 100 uuc/day
2, Consumption rete for milk is 1 liter/day
3. A cow produces iO liters of milk/dey
L. A cow eats 40 kg of vegetation/dsy
5. One uc I331/cc of air leeds to 10*? ue/g of vegetation
6. 3 percent of the 1131 egten by the cow appearas in the milk
B, Solution
1. Find intake of cow if eir has 1 uc/ec.
1 uc/cc in air yields 107 uc/g vegetation
0 cov eats 107 ue/g x h x 104 g/dey = '-l. x 10%! ye/day

2. Pind content of milk when 3% goes 1o milk.

b x 101! uc/day x 0,03 |
— L] = .2 0’ te
10 liters/day 1.2 x 107 ve/liter

or milk contains 1.2 x 1015 yuc/liter when air has 1 ue/cc

3. Pind ratio of a.nswer.in (2) and allowable wmilk concentrstion of
1086 uue/liter. '

This ratio is the permissible air concemtration

' 100 uuc/liter -
t = .
Permissible Concentration 1.2 x 1015 wue/liter per uc/ec of air

LPerlissi'ble Concentration

-

8.3 x 1073% ye 1131 /e air]
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1IT. STACK SAMPLIKG

A.:'Probiem

‘ A steck sampler, which had a flow rate of 3 cfm, was operated continu=-
ously for one week, The stack discharge rate was 6,000  cfm; the ' - |
activity feteased rrom“the:stagi.waE?Feﬁgt The net activity {Back-
ground subtracted) found on_the filter paper.vas 1,000 counts per
minute, Assuming the collection efficiency is 85 percent and
the counter efficlency is 12 percent, and ﬁeglecting the decey
of Fesg, ealculate the total number of microcuries released to
the atmosphere, vie the stack, during the week. Calculate the
average Fg59 concentretion (ue/ce) in steck air during the week,

(1 cu, ft. = 28,000 ce)

B, Solufion

- 1000 c/m 1 -1 . _ 6000 CFTM
Totel Activity {uc) = S I E* T s a0 SE* 0.8 X 3 CM
E?m ue
= 8.8k ve

- (ue)
flow (fti/m) x time (m) x 2.8 x 10" (ec/rt3)

- 8,84
6000 x 7T x 2% x 60 x 2.8 x 10*

=15.2 x 10-!2 ye/ec

Avg. Conc. (uc/ce)

IV, ENVIRONMENTAL EVALUATICHN

A. Procblem
1. A reactor is delivering radioactive waste to & public stream.
The s=ffluent contains a known conecentration of each of several

isotopes. How would you evaluete the practice in terms of
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safety to dovnstream users of the water? Give the steps and
additional data which would be.required, or at lesst desirable
for a proper assessment,

How would your assessment differ if the reactor were a
governmant-cperated reactor not subject to licensing require-

ments?

B. ‘Solution

1250853

1.

As a licensee, the reactor operator is required to control
the concentrations of radionuclides in the ligquld effluent
to the MPC, for 168 hours public exposure, Where e mixiure
of nuclides is.preaenﬁ;the combined effect must be eveluated
for all orgens of céﬁcerno

_Ei_ <1
MPC§

~ where cj is concentrstion of nuclide (1) and MPCy is 168 hour

public MPC, for nuclide (1) for the orgsan being considered,

If the licensee wishes to discharge concentrations higher

than permitted by the MPC's, he can appeal to the AEC for

special permission, He must first evaluaste the proposed
increased discharge in a manner similar to that required for
an AEC contractor. He must then convince the AEC that no one
will be consuming water at concentrations over MPL, or that
they will be exposed.to externel redintion exceeding the “
allovable public rates.

As a contractor, the operator need not restrict the effluent
conceﬁtrations to MPC, at the polnt of release, but may use
the point of water use as the place to evaluste the safety

of the disposal practices.
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He must, however, still use the formula -

:_ci_ <3
MPC{

at the point of water use by the general public, He must also

. consider all crgans of the bedy,

In-addition, he must evaluate cther posﬁible modes of exposure

elther by celculation or @irect sampling and/or monitoring.

These modes include: |

{a) Accumulation:or radioactive materials in municipal water
plant |

(b) Reconcentration of nuclides in figh and ducks

(¢) Contaminstion of produce irrigated by the receiving stream

(4) Contamination of irrigated pasture and subsequent con-
tamination of mest or milk products

(e) Externsl exposure to people who use the stresm for
recreation, N

This evealuation must also include.tha combined effects of all

the sbove items on all possibie body organs,
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EFFECTS OF RADIATIOR ON LIVING TISSUE

Stugy Notes

Structures and Activitles of Living Cells

All 1iving tissues are composed of lerge numbers of microscopic units we
call cells, Despite thelr small size (10 to 2C microns in diameter),
individusl cells are complex structures containing many different com-
ponents. Each cell is enclosed in & tough outer covering called the cell
merbrane, Inside the cell membrane 1s a viscous or jelly-like mass called
protoplasm, the actual living matter of the cell. Properly, the proteoplasm
is composed of two mejor parts; the cytoplasm, which fills most of the cell
volume, and the nucleus vhich is & small round body suspended in the cytoe
plasm, The sketch below illustrates these gross cell structures of an
iderlized cell.

Cen'}"OSomQ cell membrane

cyfoplasm

hawelews

Figure 1, GCross Structures - Idesllzed Cell

The ecytoplasm contains meny complex chemicel substances a5 well as fat
droplets and severasl special structures.

These structures are involved in the production of vitel chemical sub=-
gtances necessary to the life of the cell and to the organism of which the
cell is & part.

The cell nucleus is in a sense, the control center of the cell, and contains
& nunber of special structures important in carrying out control funectioms,
The more important of these are the chromosomes and the nucleclus, These
structures are suspended in a viscous fluid called the nucleoplasm which
fills most of the volume of the nucleus, A nuclear membrane encloses the’
nucleoplasm and separates it from the surrounding eytoplasm. the followlng
sketeh illustrates the major nuclear components,

huclear rmem brane _
Chromo $0m e Threads (C’A r#m#*}fn)

haeleoplasm
nucleolus

Figure 2, Msjor Nuclear Components - Idealized Cell
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The chromosomes control the hereditary characteristics of the cell, so that
cells which reproduce will form cells heving the same characteristics,
Each chromosome is & long slender structure composed of many smaller parts
called genes, each of which has an effect on some individual function or
characteristic of the cell containing it. Fuman body cells normelly con-
tain 46 chromosomes (arrsnged in 23 pairs), though some individuals appear
to have L7 or L8 due to the separation of one or two chromosomee into two
parts., Each chromosome may contain from a few hundred to es many as 1000
genes, The total pumber of genes in human cells is belleved to be about
60,000. The genes are arranged in a particular order along the length of
the chromosomes, so that the genes controlling & given characteristic, eye
color for example, are alweys found in the same locmtion in one particular
chromosome,

Each cell carries on particular sctivities which are dependent upon the kind

_of tissue to which it belongs, The human body contains four different

kinds of fixed tissue; connective, epithelial, muscle, and nerve. The

mobile cells of the blood and lymph form a separate category. Connective
tissues include sinews, tendons, bone, fat, major parts of scme glands,

etc, Eplthelial tissues include the skin, and the linings of body cavitles
and organs, Muscle tissues include the skeletal muscles, the majority of
the heart, the diaphregm, and major strictures of the stomach and intestines,
a5 well as a few other speclalized tissues., Nerve tissues include the
sensory receptors, the central nervous system, the brain, and additional
connecting nerve cells,

Each cell has a fairly typical lifetime which i= dependent upon its funce
tion and the particular tissue to which it belongs., Cell lifetimes in the
humen body vary from a few weeks in the case of the red blood cells
{erythrocytes) to many years in the cese of the cells of the brair and
central nervous system (neurons). In healthy tissue, cells which die of
"0ld age" are normally replaced by nearby cells of the same type through
the process of cell divigion, The importance of this function may be
readily appreciated when one comsiders that the 25 triliion red blood cells
of the human body heve an averege life of only 110 to 120 days., To main-
tain the body in & normal state of health requires replacement of these
cells at the rate of about 133 million per minute, While other body cells
are replaced at slower rates, most of the 1h0 trillion body cells of a
healthy adult human &re replaced within & pericd of a few years.

During the intervals (interphase) between cell divisions, the cells carry
on their normal funections, which always include the production of vital

chemicals, and mey include other functions as well, such as the contraction
of muscle cells, and the transmission of electrical impulses by nerve cells,

Figure 3. Interphase
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This is the so~called "resting state” between cell divisions. The cell
does not really rest during this phase, however. It engages in production
of vital chemical substances necessary to its life and the }ife of the
organism to which it belongs, To 1llustrate this further, let us take the
example of a specific organ, the thyroid gland of the human body., Its
maejor function is the production of thyroxin, & chemicel substance we call
a hormone, whose function is to regulate the chemical activity, or meta-

. bolism, of the body, Thyroxin 1s sctuaslly produced in minute quantitles
in individual cells which make up the gland. The total thyroxin produc-
tion of these cells is the production of the gland, Since the gland
contains millions of cells, the thyroxin production is substential,
However, because of the tremendous changes necessary for cell division,
thyroxin production is suspended in those cells undergoing division,

When the cells complete division, they resume thyroxin production,
Fortunately, only & fraction of the cells are diviging at one time. The
‘rest are all in the interphase state. (In the interphase state, the

cells also exchange oxygen, carbon dioxide, water, and breakdown and build
up fat and protein molecules necessary to cell life,)

Cell division is actually compesed of two parts; cleavage of the eytoplasm,
and nuclear division, or mitosis. However, it has become common practice
to refer to the entire process of cell division as mitosis. Mitosis
proceeds in four general phases; 1) prophase, 2) metaphase, 3) enaphase,
and 4) telophase. Simplified sketches and descriptions of the four phases
of mi?osis follow {for simplicity, only four pairs of chromoscmes are
shown) t

Figure 4., Prophase (early stage)

During the initial stage of cell division, prophase, the cell contracts,
assuming a more rounded form., The chromatin threads contract inte visible
and separste elongated structures called chromosomes, which gradually
split along their entire length, forming e pair of chromosomes, which
remain attached to each other at a few points. Each member of this pair
is called a chromatid. The nuclecli become fainter and eventually dis-
appear, The nuclear membrane thenm contracts, and suddenly disappears,
At about this time, & lens-shaped structure called the spindle forms in
the eytoplasm from the centrosome, & small body normally located in the
cytoplasm near the nucleus. The centrosome divides into two parts which
move to opposite sides of the cells to form the poles between which the
spindle fibers and chromosomes are arranged.
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Figure 5. Metaphase

During metaphase, & connection is made to each chromoscme by one of the
spindle fibers at a small body called the centromere of the chromosome.
This is the only point at which the chromatids in each pair are still
attached. The chromosomes line up in a flat plane in the middle, or
equator of the cell,

Figure 6, Anaphase

In the next stage, anaphase, the chromatids or dasughter chromosomes
begin to Beparate, gradually moving from their equatorial position to
opposite poles of the spindle, When they reach their new positions at
the poles, they form into a compact mass,

L@

Figure T. Telophase
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During early telophase, the nev nuclear membranes form around the two
masses of chromosomes, The outer cell membrane draws in at the equator,
accompanying cleavage of the c¢ytoplasm, In late telophase, the membranes
form completely around the two daughter cells, separating them. The
chromosomes loosen, spread out, and eventually resume the faint thread-
like network of chromatin seen in interphase. The nucleolus appears in
the nucleus and mitosis is complete.

A special kind of cell division called meiosis occurs in the male and
female reproductive organs, This process is sometimes called "reduction
division", since 1ts purpose is to reduce the number of chromosomes in
reproductive cells to one set of 23, Since each child receives a set of
23 from each of his parents, his cells will have 23 palrs, or a total of
k6, If meiosis d4id not take place, each generation would have double the
number of chromosomes of the preceding generstion, The simplified
sketches below illustrate the process of meiosis,

18+ Ansphase

ist Telophase 2nd Prophese 2nd Metaphase

A ap (oo

2nd Anaphase 2nd Telophese

Figure 8., Meiosis
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Mature Reproductive Cells
{gametes)

Figure 8, Meiosis (continued)

As will be noted from the above sketches, the initial cell, starting with
four pairs of chromcsomes has divided into four cells each having & single
set of four chromosomes,

Fundamentsl Damage Effects

While the above descriptions are brief, it will be recognlized that most
activities of living cells are very complex., Cell esctivities follow a
definite pattern, both in the production of vital chemicals and in the
rrocess of division. Anything which disturbs this pattern of activity
st any point disrupts the normal life of the cell. If the disturbance
is sufficiently great, the cell will suspend normel activities and
attempt to repair the damege so that it can resume its regular functions,
However, if the damsge is beyond the ability of the cell to repalr, it
will die,

Many disturbances can result in the demth of cells, A reduction in
oxygen supply, inadequate supply of vitamins, a2 hormone imbalance,
reduction in food supply (blood sugsr), etc., may all result in the death
of some body cells, Every time a person is brulsed, cut, burned, hes a
disease {even a cold), or overexerts himself, some cells die as a result,
So iong &as the demsge 1s not too great, the dead cells are repleced by
other simlilar cells as the result of division of nesarby healthy cells.

If the damage is too great, the dead cells will be replaced mainly by
scar tlssue cells which enter the damaged area,

The effects of lonizing raditions on living cells are not known in every
detail, However, it is recognized that both the icnization and excitation
of atoms within the cells are harmful tc the cells' pormal activities,
Many of the changes are essocisted with the icnizetion or "activation™ of
water molecules in the cells., This results in the formation of free
oxygen and hydrogen, (0°, 0,°, E*, and Hy°} OH® and HO,® rsdicals, and
hydrogen peroxide {H,0,). HNone are normel components of cells, and are
injurious toc the cells, since they act as strong oxidizing agents and
will upset the normel chemical processes of the cells.
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Some of the other effects on cells result from the disturbance of the com-
plex chemical activity dve to direct ionization or activetion of atoms in
the vital chemicals produced by the cells. Slight changes in Bome of the
molecules of these vital chemicals can change them into useless substances
or poisons, seriously upsetting or killing the cell. Desd cells releese
toxic substances which can be harmful. Where large numbers of cells in a
tissue are killed due to 2 large local dose of radiation, the toxlc sub-
stances released may be transferred to other locations in the body,
injuring cells in tissues which heave not been irradiated.

It is interesting to note that when a cell has & deficient supply of
oxygen, it is less susceptible to radiation damage, mainly because EO,’
radicels ere less likely to be formed in the cell, This has lead to
research on the development of so-called "radic-protectant” compounds
which reduce the oxygen supply in the cells of the body. So far, such
research has not been too effective, partly because other damage occurs
anyway, and partly because the general reducticn in oxygen supply to the
entire body causes other harmful effectis,

Damage to individual cells is dependent both upon the total number cf
ionizing events occurring within the cell, and their location within the
cell. Alpha particles are particularly demaging to living cells because
of their large icnization potential, and their short range. A typical

5 Mev alphae particle has & range in tissue of about 100 microms (u) or
less, Since one of these particles hes the potentisl of creating about
150,000 ion pairs, this means that it would cause about 30,000 ionizations
within a given cell. This is sufficient to cause appreciasble damage., In
contrast, & comparable beta particle has & much greater range in tissue
and vill casuse & much smaller number of ionizations {on the average) in
the individual cells through which it passes, Even though a 5 Mev beta
particle would have the same ionization potential as a 5 Mev alphe particle,
it would be less likely to seriously damage living cells than the eliphe
particle, The energy transfer per unit length of path (linear energy
transfer) is much grester in the case of the alpha particle, It is for
this reason that alphe particles have & greater relative biclegical effect
than do beta perticles or gamms rays.

It should be noted here that biclogical damage is due to both ionization
and excitation. Ionization invelves knocking electrons out of the outer
orbits of atoms. This may in some cases cause an atom to break locse from
a chemical compound of which it i1s a part. Excitation involves raising

-an orbitel electron of &n atom into s higher energy state, making the atom

more chemically reactive, This may result in the atom bresking loose from
a chemical compound of which it is a part, or it may cause the atom to
bond to another atom, forming a different, and sometimes unusual compound
or chemical redicel. The effects of both of these reactions mre probably
about equsl in importance, However, 1n biological systems, somewhat more
of the radistion energy is believed to be transferred as excitation.

Two particulary harmful kinds of Jdamage which result in delayed effects

are chromosome breskage and gene mutation. When ehrcmosome breakage occurs,
the cell usually does not éie., However, when it later attempts to divide,
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it mey not be sble to complete the process, then degenerates and dies.
Sometimes, & cell may complete the process, but be unable to properly
transfer the broken chromosome pieces, so thet one dsughter cell has

extra pieces, and the other is missing portions of one or more chromoscmes,
Such cells may divide severasl times before finally degenerasting and dying.

Gene mutation is & more subtle effect, but may be equally harmful, Each
gene is composed of a large number (probably millions) of individual atoms
arranged in & complex organic molecule. The removal or addition of &
single atom may change the characteristics of the gene markedly, So can
the substitution of one kind of atom for another; e.g., the substitution
of an oxygen atom for a nitrogen atom., In the body (somatic) cells of an
individueal, the funtion of the genes is to control a specifie process in
the production of some vital chemical, or to control gas exchange, water
exchange, etec, If the gene is damaged, it may no longer carry on this
function properly. If the effect is not too great, the cell may gradually
deteriorate and die. In scme cases, cells which have received such damage
carry on &n apparently normal existence for many years, then begin acting
in an abnormel manner, growing rapidly. These may develop into tumorous
growths which in some cases can be malignant.

When the gene mutation occurs in a reproductive cell, the changed char=-
acteristic will be transmitted to all the cells of the individual vwho
results from the reproductive cell, If the mutation is of a minor nature,
it may result in a change in hair or eye color or some other equelly

harmless effect. However, mutations may also result in harmful effects

ranging from diabetes, hemophilia, ete., to serious physical malfermations.,
The "hidden" conditions such as diabetes are much more common than the
more obvious conditions such as physical deformities,

Somatice Effeéts

Since cells engaged in mitosis are carrying on & very complicated process,
and have suspended their normal chemical production functions, they seem

to be more sensitive to radiation damage thanm they are during interphase
{in some cases, as much as 1000 times as sensitive), The effect of this

is to make body tissues more sensitive to radiation when they contain large
numbers of cells engeged in mitosis., It is for this reason that exposure
to large radiation doses, on the order of 100 rems, show such distinet
effects on the bone marrow, while most other tissues show lesser effects.
Fer the same reason, rapidly growing young orgenisms are more sensitive

to radiation than those which have reached the adult state. Body tissues,
such as the brain, which show very little cell growth once an individual
reaches the adult state are relatively insensitive to rediastion. The same
is true of the octher cells of the central nervous system, Muscles also
show relatively little cellular growth 1n an adult, and as a result are not
very sensitive to radistion. On the other hand, the cells of the lining

of the GI tract, the skin, and of the reproductive organs are all relatively
sensitive to radiation,

Because all natural phencmena occur in a normal distributlion pattern, the

response of g particular individual to a given radimtion dose cannot be
predicted beforehand. Most pecple end other snimals are ahle to withstand
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relatively large acute doses {(up to 100 rems) of radiation without serjous
effects, other than scme possible slight 1life shortening due to premature
aging or leukemim. However, in sny group of organisms, including humans,
some small pumber of individuals will be especially sensitive %o radiation,
Conversely, & small number will be unusually resistant to radlation.
Because exact response cannot be predicted for an individual, in study of
lethal doses of radiation, biologists have adopted the values for "LD 50/30",
vhich remain remarkebly consistent for large groups of orgenisms. This
terminology refers to the acute dose of radition vhich will be lethal to
50% of the organisms within 30 days after the exposure, The chart below
shows the approximate normel distribution curve for LD 50/30 for humans:
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Figure 9. 1D 50/30 For Humans

The same kind of curve will be seen when a graph is made of any other
characteristic of large numbers of humans, such as height, weight, IQ,
resistance to disease, resction time, and so on. Fecrtunately, no one
individual will be at the low end in &1l eases,

When an individual is exposed 1o & large radiation dose, he exhibits a
characteristic group of symptoms, called the “radistion syndrome". How-
ever, all of these symptoms are common to other illnesses, It is only

the particular combination that is characteristic of radiation sickness.
For example, nausea, vomiting, and diarrhes are common symptoms of exposure
to large radiation doses appreciebly greater than 100 rems. However, the
same symptoms are also seen in severe gastro-intestinal infections and
other physical disorders of severe)l kinds, The same 1s true of other
symptoms noted in response to acvute exposures to large radiatlion doses.

The typical group of symptoms seen in persons who heve received & lethal
or near-lethal radiation dose is as follows: :

12b08bU
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1, Nausea, voniting and disrrhes within the first few hours,
2, Yo definite symptoms for & period of one to two weeks (latent period}.
3, Second to third week
Loss of appetite
General malaise (tiredness, fatigue)
Fever
¥, Third to fourth week
Hemorrhage
Nosebleeds
Pallor
Inflammation of mouth and throat
Diarrhesn .
Petechiae and purpura (localized hemorrhages under the skin, resulting
in spots of coleor due to the blood which remains in the tisauves)
Emaciation (loss of weight)

Most of those who live through the fourth week will eventually recover,

though some permanent disability will probebly remain ln the more severe
cases, For example, scme permanent loss of heir from skin aress exposed
to large radiation doses (several hundred rems) is common., Other persistent
effects may be fatigue, poor appetite, partial or complete sterility,
apemia, low resistance to disease, etc.

In addition te these generally chronic conditions, there are several
possible delayed effects. Among these are leukemia, and tumor formation.
These conditions usually do not appear until many yeers afier the exposure,
In the case of leukemia, the induction pericd is normally 3 to 5 years or
more, In the cese of fixed tumors, the induction period is usually 20 to
30 years.

In some cases, fixed tumors may be melignant, or "cancercus”", In such
¢cases, the tumor not only increeses in size, but also invades healthy
tissue, and often spreads by metastasis. In metastasis, small clumps of
malignant cells break off from the main tumor and float through the blood
stream or lymphatic system until they lodge in some spot. They continue
to grow there, forming another tumor,

Rediation is often used in treating malignant tumors, ecspecially those
vhich are so located that surgicel removal is @ifficult or impossibvle.
Radiation is an effective medical weapon against melignant cells because
of their raplid rate of growth and lesser ability to repair demage than
beslthy normal cells, As noted above, etells are more susSceptible to
radiation demage when engaged in mitosis, and tissues containing large
nunbers of diviging cells are most semsitive to radiation. BRecause
radiation may ceuse malignant growths in sddition to curing them, it
has been called a "two edged sword",

Genetic Effects

The fundemental sspects of gene mutation have been described above, Well-
documented evidence of the mutagenic charscteristics of radiation stems
from the early research of H. J. Maller, beginning in the mid 1920's., His
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studies involved exposure of common fruitflies {drosophila melanogaster)
to various doses of radiation, and observing the effects upon their off-
spring., After some study, he was able to determnine the rediation dose =
mutation relationship for fruitflies, Since sll natural populations show
some spontaneous mutation, Muller expressed the mutagenic effects of
radiation in terms of the dose required to double the netural mutation
rate, For the fruitfly, this is an acute dose of about 50 R. Muller was
8lso able to demonsirate & linear dose - mutation effect at increased doses,
In other words, tripling the dose tripled the increase in mutation rate,
ete, Recent studies have shown that when a dose of radiastion is given in
small increments over a long period of time, the mitagenic effect is much
less than that of the seme dose given in an acute sxposure.

The ultimate harmful effects of mutation are expressed in the producticn
of weskened individusls. Unfortunately, much still needs to be knowm
about mutetion in mean. While we do have geod information on some genetic
diseases of men, such as dimbetes, pernicious anemia, sickle cell anemia,
magcular dystrophy, etec., we are 5till unable to define all the mutetions
cceurring naturelly in man, Nelther are we able to define the mutagenlic
radiation doses as well for man as we would like,

In general, genetecists consider el] mutations harmful. While this is not
strictly true, less than 1% of those observed in experiments appear to
result in stronger, more capable organisms. All the rest appear to result
in weaker ones. EKowever, in most cases an individual is protected by
receiving & normal gene of a particular kind from one parent to match with
2 defective gene from the other parent. In this event, the individual
suffers little or no 111 effects, A good illustration of this may be found
in the case of disbetes, If an individual inherits disbetes genes fram
both parents, he will suffer severe diabetes, beginning in his early childe
hood. If he inherits & healthy gene from one parent, and a diabetes gene
from the other, he may never feel any 1ll effects. However, it is common
for such individuals to exhibit a milé case of diabetes, beginning in
middle age.

Every individusl is believed to carry a few {zbout B) mutant genes, trans-
mitted to him by his parents, During his lifetime, he is exposed te¢ many
influences such as chemicals, excessive heat, radiation, ete., which add

a few more. However, where random mate selection exists, as it does in
most populations, the probeblility of both of a child's parents having
exactly the same mutant genes is small., This may be readily recognized
when one remembers that humans have on the order of 60,000 genes. One
additional factor which tends to minimize the transmission of mutent genes
is that more than 60% of all children are born to parents under age 30,
and more than 75% are born to parents under age 40, This tends to minimize
transmission of the mutant genes scguired by the parents during their
lifetimes,

So far as the overall effects of mutation are concerned, geneticists do
net consider it a significant problem to persons werking with radiation,
unless the acute doses are very large (as in radietion asccidents). The
probability of a radietion worker's children receiving matched mutant genes
from both perents is small. However, redistion exposure does add to the
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pool of mutant genes in a population, and eventuslly will result in some
increese in the numbers of individuals born with genetic defects, It makes
no difference whether & small portion of the population carries & greatly
inereased load of mutant genes, or the entire population carries a slightly
greater thean normal load, the ultimate effect will be the same, There will
be an increase in the numbers of persons born with genetic defects which

is proportional to the total increase in mutent genes in the entire
population.,

For this reason, it is desirable to contrel the radiation dose in such s
vay that mutagenle effects are minimized, This is accomplished in this
country through establishment of separste sets of radiation limits for
persons engaged in radiastion work and members ¢f the general publle. Those
established for the public are generally 1/10 those established for perscns
occupationally expesed to radisation,

As a reminder, radiation does not cause any nevw mutetions different from
those which oceur naturally. It only causes an increasse in the totsl
number, There are many mutagenic (and carcinogenic) agents in addition to
radiation, and nev ones are discovered frequently. Occupational radiation
exposure i5 currently belleved to represent a small factor in adding to the
mutations in the genstic pool of the generel population. Mutant genes must
be paired for-an individual to suffer the full effects of the genetic defect.

9/18/6h4
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EFFECTS OF RADIATION ON LIVING TISSUE

I. STRUCTURES ARD ACTIVITIES OF LIVING CELLS

A, MeJor Structures
1. Outer Cell Structures
2, The Nucleus
B, Structures Controlling Heredity
1. The Chromosome |
2. The Gene
C. Normal Cell Activities
1, Production of Vitasl Chemicals (resting state)
2. Mitesis, or cell Division

3., Meiosis or reduction division (reprodubtive cells only)

IT, FUNDAMENTAL DAMAGE EFFECTS
A, Specific Changes in Cell Components

B, Effects Upon the Life of Individual Cells

111, SOMATIC FFFECTS

A, Effects Upon Individual Organs or Tissues
B. Whole Body Irradiation
C. Delayed Effects

D. Cancer

IV, GERETIC EFFECTS

A, Mutsation
B. Experimentzl Datsa

C. Probable Effects Upon the General Population
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3.

EFFECTS OF RADIATION OR LIVING TISSUE

QUESTIONS

In the sketch below of a typicel living cell, label the major components
88 indicated:

Chromosomes are important structures involved in control of the heredity
of cells. They are located in of the cell,

a) the genes d) the genes, nucleus and eytoplasm
b) the cytoplasm , e) only the nucleus and cytpplasm
c) the nucleus

The number of chromosomes in living celle is a cheracteristic of the

species to wvhich the anima]l or plant belongs. FHuman body cells normally
contein chromosomes. :

a) eabout 10,000 a) 28
b} &bout 1000 e) 100

c) L6 £) 32

The genes are also a very important structure in the heredity of cells,
Which of the following statements about them is true? (Underline)

a) The genes are located in the chromosomes,

b) The chromosomes are located in the genes,

The number of genes is about the same as the number of chromosomes,

True False
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9.

10.

A typical living cell is about in diemeter.

a) 1/1000 mm d) 1/100 inch

b) 1/10 mm e) 1/50 mm

¢} 1/32 inch . £) 1/50,000 inch

There are about’ living cells in the 5ody of & typleal adult
human being. '

&) one million ' d} 500 billion

b) 170 milliom e) one trilliom

¢} one billion ) lhortrillion

Cells are most sensitive to radiation while engaged in mitosis {or
cell division).

True - False

In humen cells, after mitosis each of the daughter cells has __
chromosomes, and after melosis each of the daughter cells hes’
chromosomes.

a) 2% da) 10,000 g} 23
b) 32 e) €4 h) 48
¢} 1000 o £) L6 ' i} s2

&) VWhat do the abbreviations IET and RBE stand for?

b) Is the distributicn of ionizations within a small volume of a cell
important?

Yes No

AN R
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11, Is ionization of the atoms making up body cell siructures primarily
responsible for the biological effects of radiation?

Yes : No

12, a) Radiation injures tissues in two ways; by "direct action” and
’ "indirect action". In general usage, "direct action” means a
tissue is injured directly by the radlation, and "indirect action”
means that poisons from another irradisted tissue are sffecting a
non=irradiated tissue.

True o False

b) What is sctivated water?

. e) The fzet that the "oxygen effect” is seen in both singlé cells and
mammals means that the action of radiation which causes the heaviest
damage is . '

1) direct b) indirect ¢) neither

13, What relationship is there between radiastion damage to a2 single cell
and damage to the vwhole body?

14, A dose df 200 rads would meke many people ill (& few dangerously 80),
Since tHis dose of radiation represents an amount of energy which will
raise the temperature of water by only 1/2000 of one degree centigrade,
why is it s¢ damaging to living tissue?
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15. a)
b)
6. a)
b)
170 The
a)
b)
c)
18. =a)

True Falge

I

"Radiation sickness” has a number of symptoms which are characteristic
of 1t, and are not found in other illnesses,

IList some of the symptoms which may be displayed by an average man
who has received an acute radiation dose in the neighborheod of 200 K
to 500 R. .

What is the meaning of the term "LD 50/30", and what is its value
for man?

Hes & Maximum Permissible Exposure been esteblished for acute external
exposure to men? If so, whet is it?

target theory of biological effect of radiation states that
if & single particle or ray hits & cell target, the cell will die.

a cell contains & small especially sensitive volume (or target) in
vhich lonizetion must oeceur to injure the cell.

there are several targets in a cell, and if one of them is hit, the
cell will be injured.

What is the name applied to & gene which has undergone a change
{due either to radiation or some other cause)?
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i8. 1b) Ioniziﬁg particles may cause major damsge to & chromosome 88 &
whole. One kind of injury which has particularly serious effects
upon later division of the cell containing the chromosome is s

1) chromoseme mutation 4} chromosome activation

2) chromosome ionizatipn 5) chromosome breeks

3) chromosome duplication 6) changing the chromosome into
chrometin

19, a) If we plet radiation dose vs, effmct ‘on & graph, ve get two different
curves for different kinds of effects, One of these is called a
"linear" effect and the other a "threshold" effect., Label the two

curves with the proper names, and neme each of the graph axes preperly.

b) Somatic effects are of the threéhold type, while genetic effects
are of the linear type.

True . False

20. Name two body tissues which are quite resistant to radiation, and twe
which are quite radiosensitive,

Redicresistent Radicosensitive
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21, e) In vhat tissue do erythema and epilation appear after localized
irradiation? (Underline)

1} GI tract 4) muscel
2) blood forming organs.  5) brain

3) skin 6) gonads
b) The lowering of the energy of the radiation . the threshold
erythema dose
1} raises ~2) lowers ' 3) . does not effect
22, a) Irradietion of the GI tract.(ier,:ﬁouth, pharynx, esophagus, stomach,
and small and lerge intestines) can cause decreased multiplication

and secretion by the cells lining these organs. What would be the
symptoms of & man suffering from this type of damage?

3) About roentgens .of external dose to the gonads will

K © T cause pe:manent.s;erility in most .humans .so exposed.
1) 50 to 100 k) 400-500
2) 100~to 200 5} 500-6Q0
3) 200 to k0O 6) 600-800

23, Why are living organisms (including man) sble to withstand far greater
total doses of radistion when .received as chronic .exposure thar when
received &s acute exposure?

2k, &) Ionizing radiation has been described as a "two-edged sword” (by
Peter Alexender) in regard to its effect upon cencer.. Can you
explain this?
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.c)

25, =a)

1'Y]

c)

d)

-

Radiation-induced cancer may show up within a few years after a
serious overexposure.

True False

What is the comnection betueen,sn@atiezmutations and cancer?

Of which organ is the-ﬁlveolus the chief functional unit?

Why is this organ of particulsr importance with regard to internal
emitters?

Which isotope, found to a considerable extent in fission products,
is concentrated in the thyroid gland? '

Can the resulting irradiation of .the cells of this gland lead to
tumar production?

Yes Ko
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IT.

I1T,

Iv.

vi.

ViI.

HAPO PROCRAMS IN RADIOBIOLCCY

Review of Experimentel Animsl Farm Program

L. K. Bustad

Brief History of Operation

Studies on the Biclogical Effects of Radicicdine in sheep, svine, goatsi
and cows, Emghasis will be on redioiodine-131 but studies involving I'4°
end Tel32.1132 yill be mentioned. :

Alpha end Beta irradiation of the skin stressing work on Sr90 ang p32
plaques on sheep and swine skin, Rul0® perticles end Pu?3? injections in
swine skin,

Studies with Csl37 and 2n®S in sheep emphasizing the poned dose.

Effects of bohe-seeking rddipnuclides in miniature swine stressing the
effects of Sr%0 when fed daily to swine.

Supplemental studies on millk, transfer studies of important nuclides,
Gl ebsorption of potentisl SFEAP elements, end the toxicity of np237,

FTature studies
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HAPG PROGEAMS IN RADIOBIOLOGY

Feview ol Radioecology Programs

F. P, Hungate

I, MICROBIOLOGY

A. HMainly theoretical attack on mechanisms involved in radiation damage
to biological material,

1. Relative biclogical effectiveness of alpha and bets
2. Catslase, permeability, etc.

I, PLART NUTRITION

A, Upteke of radionuclides by_plantsa
l1. Relative uptake by laboratory tests.
Sr » I » Cs > Fu > Ce > Pu, ete.
River - Farm
2, Activity in river too lov to measure (in 1950)
Smell plots - milliacre {4 x 10)
Watered with well water, 5% effluent, 1007 effluent.
Barely detectable difference st 100% level
B, Speciel Problems
1. Burst pipe - > b belov surface - Sr¥¢
2. Cen take isotopes as deep as 30-k0', Depends on plant species,

3, 7Znb% - foliar vs. direct soil

L, I!3) geposition on vegetation, 30-L0% found inside leaf,
In fuel burn test 90% ocutside leaf, Particulate?

Retes of deposition
Retention - Factors influencing.

5. S5r30 and Csl37
Undesirability of using ion pairs to express data,

IlI, RADICECOLOGY

A, Piver problems

i. In¢icator organisms
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2., Migratory birds

Dispersion of isotopes
Nesting performance

3, Radionuclide tremsport by plankton
B, Aleskan Studies

1, Projéct chafiot

2. Fallout levels

C. Fallout lLevels in Browsing Animals
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Iil.

Iv.

HAPO PROGRAMS IN RADIOBICLOCY

Review of Aquatic Bioclogy Programs

R. E. Nakxetani

INTRCDUCTICH

A. Importance of Fisheries Resources

8, Impact of Introduction of Redionuclides into Aquatic Systems

PAST PROGRAMS ~— July 19k5-1050's

A. Reactor Effluent Menitoring - Genesis of Biology Laboratory

B. Rediobiclogical Surveys - Radioecolegy, Environmental Studies and
Evaluation.

PROGRAMS OF MORE RECENT YEARS ~- LATE 1950's - DATE

A, Somatic Effects of Internal Emitters in Fish
B, BHioassay of Industrial Chemicals
C. Swimming Performance of Fish Reared in Reactor Effluent

D, Caleium and Strontium Metabolism in Crayfish

FUTURE PROGRAMS

A, Effects of Temperature on Metabolism of Aquatic Organisms.

B, Adsptive Response and Performsnce of Fish With Body Burdens of
Internsl Emitters
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II.

I11,

iv.

ITAPO PROGRAMS IN RADICBIOLOGY

Review ¢f Metabolism Programs

'R, C. Thompson

CENERAL DESCRIPTICN OF QBJECTIVES, FACILITIES, AND PERSONREL

ABSORPTION, DISTRIBUTION AND RETENTION STUDIES

A. Gastrointestinal sbsorptien of Pu232
B, Distribution and Retention of Csl37

¢, Diseriminstion between Ca and Sr

THERAPEUTIC REMOVAL STUDIES (EFFECT OF CHELATING AGENTS ON PLUTONIUM RETENTION)

TOXICITY STUDIES

A. Comparative toxicity of Pu?38 ang pu?3°

B, Effects of radiation on the intestine
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HAPO PROGRAMS IN RADICBIOLOGY

Review of Inhalation Toxicology Pregrams
W, J. Bair

I. INTRODUCTION

A, Areas of Interest

B, Definition of Terminology

II. EXPERIMENTAL METHODS

III. EXPERIMERTAL RESULTS

A. Deposition
B. Retention, Translocetiom, and Excretion
C. RBiologicel Effects

D, Therapy

IV, FUTURE WORK
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RADIOCHEMICAL ANALYSIS

A discﬁiaion describing the epplication of current analysis techniques to

the

measurement of radicactivity in water, air, soll and biologlcal samples.

Conventional techniques and the more recent gamms energy pulse helght analysis
technique are described. The influence of variables and appropriate corrections
are treated in some detail.

1.
II.
o
- )
s
. III.
Iv,

SUILLIRE

SCOPE_OF RADIOLOGICAL: ANALYSIS WORK
A, Review of (Y 1963 Performance
B. List of Measurements Routinely and Infrequently Accomplished

Ve Metheds of Analysis

_ SOME PROPERTIES OF RADIONUZLIDES

A. Decay Schemes and Decay rates

B, JInteracticn of Radiation with Matter

RADIATION MEASUREMENTS

A, Measuring Alpha and Beta particles

B. Measuring Gamma Rays - Pulse Height Analysis

STATISTICAL CONSIDERATIONS

A. Reliasbility of Results

B. Detection Limits
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Sagzle E‘Eé
- Test wells

Miik, meats, produce .
thyroids, vegetation
Fieh, ducks

Columbia River,

Alr semplas,
Stack Gases

Mud and Soil

)

e Miscellaneous waters

Bloassay

All types

/)

1260883

RADIOLOGICAL ANALYSIS ~

Scoge'of Work Agcomplished, CT-1263

Analyses No. Detn's
Co=60, Sr-90, Cs=137, ~ 8,500
N6g

. P-32, Sr-90, I-131, 13,800
other gamme emitiers
Tg» P-32, Sr-90 - 12,600
To» Tgs Us FE+Y, Na-24 ‘ 6,100

P=32, Se~k6, Cr-E51,
Cu-64, =65, Ae~76, Sr=89/90
Sr=90, I-131, Np-239, Ga=T2

Tas Tgo Cwll, S=35 10,300

I-131

Tg | . hOOI

P TB 1,300

Tos Tg | £,200
‘Total RFO ~59,200

All kinds 90,500

-l-
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LIST OF NUCLIDES MEASURED

Routine Memsurements
(RPO)

Uranium
Kitrate ion
K

13 .
Na~2h
P32
¥X=40
Sc=hb
Cr=-51
Co=58
Co=60
Cu=-6h
Zn=65
Ga=T2
As=T6
Sr-89
Sr-Q0
Zr=05
{Nb=95)
Ru=-103
Ru~106
[Rh-103]
[Rn-106]
I=131
Cs=137
Cee2hi/2L4l
[Pr-1LL]
Np=-23%

i2b088 L

Other Masen ramantR

‘Infrequent or Nen-RPO)

SBodium ion
C-1k%
Na=22
5i=31
5-35
C1l-38
A=kl
Ca=b5
Mn-54
Mn=56
Fe=59
Br-80
Kr-88
Fb-88
Sr-85
Y=88
Y=-90
Ag-110
Sb=124
Sh=125 -
Te=131
T=12G
I=132
T=133
I-135
Ye=133
Xe=135
Ba=1L0
[La=1L40]
PrmelbT
Au-198
Hg=203
Pa-223



JZETHODE OF ANATYSIS

SEPARATION, PURIFIOATION, CHOMICAL

A. Distillatien

B, Precipitation

C, <on Exchange

D, Solvent Extraction
£, Fluorophotometer
Fs Flame Photometer

C, Spectrophetomeler

CROUP SEPARATION FOLLOWED RY COUNTING

&, FEFare Zerth Plus Yttrivm Separaticn
B, HaXiaes

C. Carbenztes, Hydrcxides

DIRECT CCUNTLLS

Lo Tetzal Alphe Fl - e
3., Tctel Betz

C. Gaxza "Scen"
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By NMAOMI A, HALLDEN
Analylical Bronch

Heclth and Safety Laboratory
U. S, Atomic Enerpy Commission
New York, N. Y.
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Tmis TADLE can help identify unknown
bata emitters whose half-life and beta
energy have been determined by stand-
crd laboratory techmiques.
a guide to beta-emitting isotopes for
applications requiring specific half-
Lives and energies. (A similar table
for gamma emitters is in preparation.)
A more detailed compilation of nuclear
datz, such as National Bureau of
Standards Circular 499 and Supple-
menis, should be consulted for details
of these emitters and their decay.
Emitters of conversion electrons and

" positrons as well as emitters of beta

rays ere included since all these par-
ticles produce similar eflects when ab.
sorpion methods are used to determine
energy. Where an isotope can decay
by emission of beta particles of diferent
encrgies, the emitter is listed in the
energy group corresponding to each
bele, provided its contribution to total
beta activity is greater than 59%.

This is the lower limit of detection of -

typienl absorption technique (Harley
end Haliden, NU, Jan. 55 p. 32).
All the betas from one emitter will Lie
in the same hoil-life interval.

Only isotopes with hall-lives grcater
than § hr are listed; in general,
shorter half-life limits identification by
the methods deseribed.

Daughters with shorter helflives
than their parents are listed in dtalie
uader the hallife of the parent, In
the natural scries, the short-lived
daughters are listed under the half-life
of the .ncarest antocedent having a
hali-life over 6 hr. U (0.1-0.3 Mev,
5=10y) should bc i italic.

All deta ueed in this eompdatwn are frem
;‘»a.wnd DBurcau of Standords Circular 492,
“lucling Supplements !, £, and 3,

6 1260888
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C; _'_-"' {2} Curieslgrarri‘ or SpA (T, in mins)
.o - _ = 3

——

ACTIVITY MASS RELATIONSHIP - SPECIFIC ACTNITY

Specific Activity (Sp A) in dis/sce/gm =

I?‘ }0‘3

H 2 deanber of radicect Lens oY gram anﬁ A=l
’1_1_ is the hali~life expressed in seconds. ' T

In ca.lcula.tmg s;:ccuf:.c activity it is more convenient to use a variatmn of the

bacic equation, which is transformed as follows:

. 6.03 x 1023
By def: "N = Avogadro's numberfatomic weight = at.omz?weight :
By def: dis/sec/3.7 x 1010 = curies
Substituting: 69.3 N ‘693 603 x 1023 1
Sp4A =-'TT(in secs) = '.'T; * alzomic weignt * 37 x 1010 = c/gm

This equatmn is sat;sfactory when the half-life of the nuclide whose specxfzc :

activity is needed iz expressed in seconds. If, however, the hali-lifc is ex-
pressed in otlicx units such 28 minutes, hours, days or years, a separate time

conversion is required for each. By ..,ubstxt\.tn" the a.ppropna.te tine conver~

sion factors as listed in the table of Cnnve.s:.o*; Factors in this Handbook the
followmfr {five equatzons can be obta.med. - t

1.13 x 101"
{Ty) (atomic wezgnt}

I . 1
. | . 1.884 x 1031

{T1) (atomic weight) s
z ..

Ll) Cunesz’gram or SpA {T; in secs)

3.14 x 107
- {T,) (atomic weight)
F3 .

- . s 1308 % 108
(4) Curies/gram or SpA (T%. in days) = (T7) (stomic welgm)
: ' 5

. . 3.59 x 10
{(5) Curies/gram or 5p A(Té— in yrs) T3 (a.tomfc weight)
. -2 hd y )

(3) Curies/gram or SpA (T, in hrs)
(3 . L

In making 2 calculation choose the ;.pproprma&ez equation 2s illustrated in the .°
whose half-life is 2.5 years. -

- Choose equation {5) 2bove, use the mass number as the atomic weight, and make

fo‘lox:mw example. Czlculate the SpA for Na

the appropriate substitutions.-

359 5% 10° 1359 % 10°

3 .
= 2E
'-Rl (Years) X atomic wt 2.5 x 22 628 x 107 curies/gm

SpA =

1

0 693 N (__c‘t" —',\, /»’)-

" The exntry in the Aollowmrr table under the heading "grans per curie" is the re-

—

ciprocal a£ Specific Acthty in curies per gram oAl o ..hxs case ~=o x 102 =

159 x 107" grams per curie. |

The values in the tables on the succeeding par'ea werse. ca.lculc.tec‘. £ro':n equa..:ons '

(1}, (2) (.:] (4).‘.:1& (S)above. T T _ T A

¢

\
)
'
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ACTIVITY MASS RELATIONSHIP - SPECIFIC ACTIVITY

ISOTOPE  KALF LIFE CURIES PER CRAM  GRAMS PER CURIE

| Th-232 1.39 x 1010 years 1,11 x 10~7 9.0 x 106
U-238 L.51 x 10° y 3.34% x 1077 2.99 x 106
U-235 7.1 x 108y - 2,15 x 1076 4,65 x 105
€1-36 3,08 x 105 y . 3,23 x 102 30.9
U=233 1.62 x 105 y 9.51 x 103 1,05 x 102
Ni~59 8 x 0% Y T.61 x 1072 13.1

" Pu-239 2.436 x 10% y 6.17 x 10=2 16.2
C=14 . 5568 Y L,61 0.217
Ra~226 1622 ¥ 0.98 1.02
Cs=137 26.6 ¥ 98.5 1.02 x 1072
§r-90 27T g 1.k% x 102 6.96 x 10-3
H-3 12,262 ¥ 9.78 < 103 1.02 x 107
Co=60 5.2k N 1.1k x 103 8,76 x 10™%
T1-20h 3.56 y L9k x 102 2.02 x 10-3
Fe=55 2,60 Ng 2.51 x 103 3.98 x 107%
Po=147 2.64 Y 9.25 x 102 1,08 x 103
Cs=13b - 2.07 ¥ 1.29 x 103 7.73 x 10~
Ru-106 1.00 ¥ 3.39 x 103 2.95 x 107%
Ce-1Lk 285 days 3,18 x 103 3,14 x 10~%
Zn-65 2ks d 8.21 x 103 1,22 x 107"
Cawls 16% a 1.7 x 10% 5.65 x 10=%
Po-210 138.4 4 4,50 x 103 2,22 x 1074
7162 115.1 a  6.2h x 103 1.60 x 1074
S-35 87 a 4,30 x 0% 2,33 x 1073
W=185 7548 1 $.32 x 1032 1,07 x 10™%

126089 -9
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DISINTEGRATIONS PER KINUTE
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2 4 1 8 w12 1. 18 20 22 24 26 235-0
ENERGY IN Mav

Fig. 11L.2l5), Range-encrgy curves for helium ions in sluminum
metnl, caleulated from protoa ranges by H, E. Conzett.
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—=Decrcosing particic encrgy
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| X -

2.5 2.0 1.5 1.0 0.5 [7]
DiSTANCE FROM END OF RANGE (em)

Fig. 11,1, Ienization density along the path of an o-particle mov-
ing in air {the Bragg curve), M. G. Holloway snd M, 8.
Livingston, Phys. fcv., 54, 20 (1638) ’
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¥s 117, Schematic pieture
of source, absorbor and
copnter orrangement for
measuring ebsorption eurve

- for 2 Bemitter. C is the

esunter, A the absorber and
3 the source

COUNTS/UNIT TIME

Q.00
1660
100
\ Range of end-point
. A-portigles
10 {
N\
\
. \
|
| \
[+R] J —.
a 120 200 300 0o wler

ABSORBER THICKNESS {mgsemit)

Fig. 1i.8, Schematic absorption eurve for o.con~
tinuous gspectrum of end point 310 mg/fem?

10,000

1000

--’;

100

COUNTS / MINUTE

.
o

<0 B0 120 180 200 260 280 220 350 400 44D

AESORBIR -mo/em® OF ALUMINUM

Fig. 11,9, Aluminum abserption eurve for 5--particles from
Am#, A Experimental curve, C: Component due 1o ™
B: (Curve A minus curve C). Curve B is due to .

tieles alone.

J. M. Gruniund, B, G. Earvey, N. Moss wiv o

Yaile, Phys. Rev., 75, 69 {1050)



.7
R ‘o..‘

e . .
Mass Absorptl Cocfficients in crnl/prain
o .
i

S
|A\

.01
o nel
142

-I.tllii[.

l i

T A S 1 O B
l--u_I -){':\'

2o s Lomtzn M-ﬂﬁ'ﬂ ol
y A

oS
-t

"

/u - f:f'm }

"/ J-.»su //M. i -‘—’—»s-u

HRRRRR

Cetul

e aat

Mans Abcorption Coeff;cze-xt: for,Lead, -
Data taken from Gladys R. White,
v N.B.S Report No, 1003 {1952} ]
. , -
7 r
—
I AT . !
(e SRt Fe
— o AT LY . —
! “\,‘_E\“&}‘ =R
— - * /‘ il J - ]
. -' \ j 71
u - . | , 0
.' o t
— \ g — :
2 . | : 'g
.~ Scatlering \ ' \ Totzl A::c:‘.u..t:.on Coeffzcxeﬁ — :
Atteruaticn Coefiicient N7 777 | :
: N t i
X |
A — 1
= e
- rri ——
f_ N ’:":.'-"“ - f
— v e _,-"..,.-‘ —_ !
S e = . \_‘_.. ! -_”- Lot “ — *_
R s LRl " .
| " \J\\ o".. |
L © Photoelectric AbTorpticn Coe_.*c-e.‘. T .
' = =
. e ..\
=" 7 -\ =
| — Lt 4 b
;‘: = -‘.' ~ :
L"- " - "' ' \ _
— N —
_ ! ; \ .
B Pzir Production Abceorpilion Cub“ic.e"zi. f' . ]
. }_ :
4ty s SR A B B I A Lol
L1 C.i 1.0 & ' id 100
Zoergpy in Mav
1260897 -15-




.Dype of counter

Grid ion chember

Proportional
Y counter

Geiger counters
{

e

CU

NaI'(Tl)
scintillation
counters

Organis scintil-
lation counters

Solid stete
counters

TABLE 12,1

COMPARISON OF THE VARIOUS TYPES OF COUNTERS

- Resolving

Time

10 usec

1 utec

~ 1 msec

1l useg¢

1l usec

10"8-10"9 seg

Dulel usee

109 sec

Typical energy
resolution

oth% (U's)

n 1% {(chaerged
particles)

None

1% {charged

particies), 8%
(y-rays, 1 Mev)

19% {electrons)

15% (heavy charged
particles, e.g.

He"‘).

0.2% (charged
particles
1

2,

3.

1.

2,

2.

Commonest app&?cations

Measurement a-particle
energles,

Measurement particle ener=
gles, ' ’

Detectlon of radistion, no
energy measurement involved.

Measurement energles very
low -energy y-rays snd X-rays.

Portable instruments for
prospecting, falleout detecw
tions, ete, '

For econorny where large
nutbers of detectors re=
quired, e.g. in cosuic ray
experiments.

Detection and energy meas=
urement of y=-rays.

Detection and energy meas-
urement of chargesd particles,

Electiron energy measure=
ments.

Detection charged particles
where high speed of response
required, '

Energy measurements for
charged particles,

Détection of charged pare
tleles when no energy mess-
urenent is required,

p— ~

applications,

120898

-lba=

‘energy resolution figures are only typlcel, wide varistions may oceur in particular
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CARBON=-1L

Mount: 1 1/2 inch stainless ste§1 dish on shelf 1

Precipitate: Barium Carbonate

Data from: Treibs (1958)

Infinite thickness counting begins at approximstely 100 mg on 1 1/2" dish,
Above 100 mg on dish (counts) (0.150) (milligraems on dish) = disintegraticns.

Counter Correction Factors

on dish count on dish count
0 5,00 56 9.71
2 4,90 58 9.90
Y 4,88 60 10.2
6 L.88 62 10.4
8 k,g2 64 20,6
10 5.00 66 10.9
12 5.21 68 1l.1
ik 5.4l T0 11,k
16 5,62 T2 11.6
18 5,81 TL 11.8
20 €.06 76 12,0
22 6.33 78 12.3
24 645 a0 12.6
26 6.67 82 12.8
28 6.85 B4 13,0
30 T.09 86 13.3
32 T2k 88 13.6
3% T L6 90 13.9
36 7.69 N 14,2
38 T«87 =11 1k.5
Lo 8.00 96 14,7
L2 8.20 98 ' 1k,9
Lk 8.33 100 15,0
L6 8.55
L8 8.85 Above 100 mg on dish, assume mount is
50 9.09 infinitely thick. Then (counts) (0.150)
52 © 9.25 - {mg) = disintegratiocns.
5l G.52
1260899
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PHOSPHORUS-32

Mounts: 1' stainless steel dish on shelf 1

Precipitate:

Ammonium Molybdiphosphate

Data From: Treibs, {1958)

mg ppt.
on mount

1260900

X dis./

count
A ——————

1.739
1.748
1.757
2.767
1.779
1.792
1,802
1,815
1,825
1,835
1.B845
1.855
1,865
1,876
1.887
1,898
1,912
l.923
1.934
1,9ks
1.953

~18-

mg ppt.

on mount

105
110
115
120
125
130
135
1.0
145
150
155
160
165
170
175
180
185
190
195
200
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RUTHEYIUM = 103

Mount: Millipore filter with nutrient pad on shelf 2
Precipitate: Hydrous ruthenium dioxide

Dats from: D,M., Robertson, H.A. Treibs (1958 - 1959)
Notes: '
l. Interpesition of 352 or 220 mg/cm2 aluninum between detector and sample
reduces the counting rate due to Ru-l03 to less than 1% of the original value,
2. The following teble is based on counting measurements mede on Ru=103 =
BhelO3 equilibrium mixture., However, the disintegration rates obtained by
the application of this teble are for Ru-103 only, a&s is customary.

Counter Correctlion Factors

Zg ppt. dis./ mg ppte ais./
on mount count on mount . count
5 1.2 21 15,8
6 1.5 2z 16,0
7 11.9 23 16.2
8 12,2 2k 16.5
9 12.5 25 16.7
10 12.8 26 16.9 .
11 13.1 27 17.0
12 13.5 28 17.2
13 13.7 29 C17.b
1k 1k,0 30 17.6
15 14,3 32 17.9
16 1L,.6 3kh 18.2
17 14,8 36 18,6
18 15.0 38 18,9
15 15,2 Lo 19.2
20 15.5 '
2604901
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IHS Dishes and Jars corrected

for Sample Changer 1/8" linoleunm,
-ﬁee Note, Pgv 3.

RCAD LDO-CHANNEL GAMMA ENERGY ANALYZER

DISIRTEGRATIONS PER COUNT

| _ **¥ DISHES __VIAIS ®¥¥® JARS
ISOTOPE CHANNELS ) —_LHS RS TES RHS LHS RHS
FRullé b6-sh || 43.99 | ' 10,65 ’ I 20.80 | 19.00 137.80 | 131.001 (8)
Ry 106 59-65 | 124.05 112.60 i 56.18 | s1.18] |393;10 357.00 || (9)
a0 pson || 2508 | 23,02 " L 16,21 | 16,37 I 75.86 | 71,571 (9)
syt 57-6) 13,40 12,36 ’[1’ 6.47 | 6.09 12,51 ] 38,951 (5)
sp!2" 16L-176 || 79.57 69,29 H 39.08 | 35.68 )1 [l2us.k3 ) oas. 76|l (5)
spi2s L0-bE 24,49 22,60 ll 9.8% | 10.06 86.23 | 79.181 (5)
5125 57-64 I Ll.33 hl.og_ﬁ " 18,05 18.87'_ I ass.on | aun.6oll  (5)
113} 36-38_ 1| 20.62 9.k (1! 3,55 | 3.20fl Jl 3s.se| 35,50l ()
' :}33 S0-56 I 14,67 13,07 | | owiro | owo l! 16,85 | u2.50]l (13)
Qdﬁ--x“z 20-25 7.95 7.7 | l 3.57 | 3.76 “ | 25331 2uaell (50)
Be! 33 5-9__i_16.83 18,65 || - 11.20 10.61}‘ " (1)
Bu!?3 3239 ;é 11,62 10,89 5.28 5,42 H i (11)
::1“° 51-57 il 55,81 46,40 19,25 | 17.16 160.66 | 160,631} -
cs!t?? €3-70 17,57 15.80 6,78 | 6.16 61.18 | ss.7ojl (2)
el 40 155-165 || L7.28 39,50 | li26.00 | 23.20% {132,821 137.00]} (5)
Be-La "0 155-165 1| _89.89 78. 80 ]1h8.hﬁ Lu, Lo E [ 260.55 | 221,00}  (5)
gethl 11-16 7.93 ' 7.9% i 2,8k 2.63 | 26,92 | 28.801l (5)
cel"3 28-32 21..90 17,20 J| 11,02 | 10.26 (13)
Ce-prit 1-9 213,97 | 281.30 §f jlog.58 | 91.35 (5)
Ce—prit* 11-16 66.29 66.90 {_i§25.?5 | 2,56} 257,568 | 259.001| (5)
Ev!352 9L-09 | 156,03 132.30 | ls6.30 | s2.:0f 1 (5')
Sy 153 9-11 15,69 16,28 .28 5,51 {5)
3239 812 6,69 7,06 | I 3.5% 3,50 10,571 210l (5)
*Data after correction for T% 113! contemination in counted sources.
Mo correction made for I35 centaminstion.
*#Calculated from Bal“0u1a!%? ang 1al? agata.
¥¥%See page 3. .
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RADIOACTIVE WASTE MANAGEMENT

Pufpose
1. COnﬁrollof Radigtioﬁ Exposure
- a. On plant perasctnel '
b;_ Off plant pérsonnel
2, Store quantiﬁiﬁs'of radionuclides in retriev;ble ;ocﬁﬁionl
Types of RSdioactiv; Weste | ‘
i.l Gaseous wastQ
| &, BSuspended radioactive particles i
. b. Radioactive gases
2, Ligquid waste
.a. 'Aqneous
(1) Reactor coolant and decontamination itréams
(a) Fuel element processing waste |
b, Organie |

3. .Solid wastes

Disposal Conceptis
1; Concentrate and contain
2. Dilute and Disperse

3. Combination of 1 and 2

I2b0908 -



-

Gusecus Waste Treatment and Control

1, Normal gaseoue effluent associated with HAPO facilities

B

n-1

Controcl of radicactive geases

(1). Fuel element "cooling"

{(2) Absorption of halides and noble gases

{3} Chemical treatment

Control of radioactive particulates

2, Messurepment requirements

8.

b.

Continuous measurement

Continuous sampling

c; Analyses for specific radionuclides

3. Accidental release control methods

a. Conteinment

b.

Confinement

Ligquid Waste Treatment and Control

1. Types of liquid wastie

- %

b.

S

d,

1260909

Resctor coolant water

(1)

Normal

(2) With fuel element rupture{s)

‘Reactor decontamination solutions

Laboratory solutions

Fuel element processing waste

(1)

High level waste (>100 uc/cc)

{a)
()
(e)
(a)

Coating waste and other ron-boiling weste storsage

Bioling waste storage (c¢ooled tanks)
In tank solidification

CPD waste management program




L.

5.
6.
Te

-3-

{2) Intermediate level waste {>100 ve/ce 75 x 1075 ue/ee)
(a) Soil retention
{b) Cribs and caverns

{(3)  Low level waste (>5 x 10™° uc/ee)

" ea Oréanic waatés

" Concentration methods

a. Eveporation {decontamination factor 10% - 107)
b. Ion exchange
Measurement methods
a. Sampling
(1) Continuous
{2) Batchwise
{(3) Periodic
b. Continuous measurement
¢s. Well sampling and monitoring

Tritium

 Transporthtion of waste

Aceidents lnvolvin. liquid wastes

Control of dispossl areas

Soiid Waste Treatment and Dispsoal

1.

Types of sclid waste
a; Low level waste _
b. Waste conteining toxic materials {dose rates do mo prohibit handling)

c. Waste with high radiatiom dose rates (remote handling methods required)

1260910




- 2. Disposel methods
a., DBurial trencﬁes
b. Tunnels
¢. Dry wells
d. Other
3. Volume reduction methods
8. Incineration
b. Compaction - _
_ll. Transportation of waste
5. Aceldents

&, Control of &isposal areas

| Y-

126097 |
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INFORMA T oM ON ANUCLEAR ExXCuUupsiorNs
) THAT HAVE 6&CCURRED IN  ITWDUSTRY
. L
- Y-12 L A IF-T IF-J1 Rscumex)h
Tone 16,005\ i, 30, 105 ) OuF 15, 5Pt Taw 35, /0 | dpe 7, F
5 DATE 508 AL Mol Toos /-7;4,-- Gt 7, 7/5%
. : j M S"z' Fae o,
TIME 205 AHY 422 pm| o.£0 AM) G g0 AM /p:b'M.MG,o.
. Fy f..,lm?i'ﬁ. L 7B} PR ,U::?‘ fw}‘z#‘g/ [/
RouTINE OPERATIoN 7 I |t sud V6 :
- FIA .Z;'www
Lew dgvef Wf‘q
FissiLe MATERIAL 21 K6 0% v Vol P 2, Jealle
UEF
- AMO un T Fx 9-.!;' 1'..:"5.“ v A A
' e sy \apsdy | TR |4YA
ConeEgnTRATIo N 27, /8 / o a ]l o
T, el PP PR v Vil ki
'3 VERSEL TDiAmeTeR 22” L4/ g’ o’ .?-,:;" se*
VESS &L VoLumE ffj?ﬁa} =za 5/4‘/ oo 74 / ?4-?‘], ¥ ?, .?ﬁ/, J%
. 7‘&;;4@;_;":‘!’@:‘ 6- Y. ars A
PROMPT Mo, OF FissioNs | o .7 0. L VPP 4 Fxs0 0
i /.!X-'"at Pivar Y
DL'MTJDA o E \JES!&M /1.-‘\.5 f;?lli‘d . / / ""_‘r"“
x< S TZtiew G 28 ;e 1 4 i 37/5‘ /ﬂ'-&'r
TOTAL NO. OF FiISsSton cv T I /7 - oy 17
. S 12 V0 aZre Lkl o 10 2.7 %47
> A o
L SHIELDED FACILITY Ye Yoo /a.s # b
Q UEM CH DO drtrint Ditszisn | Come otk |[“Hamse o Comtzot Porrd
. wrH wAT e Tgw;{.r?--‘: - e
PRC’PF RTY DAM“‘E 7 g.ﬁft 'j,ie‘if/.:' /f’?'l-;l’"f— //{ P ,//#x_.., Ao
Eor™ wiized ok ' F A e B
PERSOMNE 3 il PE G i T
| RSoMWEL ExtesED  Np S | LT | Mo | M
Y 23 ruF mr M
Copile Lo ir | farowe To | Mhall Lesiiw| i3 N
chusg f?ﬂfﬁrn-:?”ﬁﬁf;"t' ? .J el ":f?’r’:lﬂ =g F;f; o . "H‘ :
Cor Tl GO i }\" by
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Cwd

TABLE I

SITES OF CRITYCALTTY INCIDENTS

(Réé.ct_or Incidents not Included)

LASL

ORNL

IF

FOREIGN

1945
1oks
1547

1949
1950
1951,
1552
1953
1954
1855
1956
1957
1958
1959
1560
1561
1962
1963

196k .

X )
X ()

BIM P 5 bdpd  pa

(x)

X - Critica)l Mass Isbore
- Irdustrigl Plarxt

(x)- Facility not knownm

FzZb0913
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RADIQLOGICAL ENGINEERIKG

I. BASIC DESIGN FOR PERSONNEL PROTECTICHR

A, Mipimizing Personnel Exposure
l. Externsl

2, Internal
B, Contesminaticn Control end Confinenent

IT. WASTE DISPOSAL

A, BSolia
B, Liquia

C. Geaseous

ITII, INSTRUMENTATICN

A. Personnel {Installed area monitoring systems)
B, Prccess Monitoring

Co Emergency

IV, SEIELDING
A. Gamme Radistion
B, Neutronms
Co Development of Some Applicable Shielding Eguetions.

. Examples of Typical Problems
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