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U.S. 80UCLE AR RGOUL ATORY COMMISSION
e NRC FORM 313 APPROVIO SY OMS .

Mee $1640120 )
E s*',".E' ''' "* APPLICATION FOR MATERIAL LICENSE {

' ~ s8887

l

INST UCTIONS: SEE THE APPROPRIATE LICENSE APPLICATION GUIDE FOR DET AILED INSTRUCTIONS FOR COMPLETING APPLICATION, SEND Two COPIES |
OF THE ENTIRE COMPLETED APPLICATION TO THE NRC OFFICE SPECIFIED BELOW,

FEDSIAL A0GNCit$ FILE APPUCATIONS WITHE 47 YOU ARE LOCAf tOIN: '|
ILLINOIS,18 SOB ANA, SOWA, MICH10 AN, tilNelG807 A Met 00URI, OHlO, OR 1

|U S. NUCLE AM RtOUL ATORY COMMIS$10N WISCOestlN,0tND APPLICATIONS TO: jOlVISION OF f utL CYCLE AND MATERIAL SAFETY,NMSS ,

. WASHINGTON, DC 200'38 # U.S NUCLE AR REQULATORY COMMIS$10N RiolON ill
,

I nt ATERI ALS UCENSING MCTIONALL STHER PERSON $ FILE APPLICATIONS AS FOLLOWS,87 YOU Amt 799 ROOttvtLT ROADLOCAftDIN: OLEN ELLYN,lt 40137
CC4NICTICUT. DELAWARE . Ol8TRICT OF COLUa4SIA,84AINE. MARVLAND, AR K A AISA8, COLOR ADO, 50AHO, k ANSAS, LOU 181 AN A, MONT AN A, NEGR ASK A,MISS1 CHU$tTTS NtW HAMPSHint, NtW JtRSiv. Ntw YORK. PtNNtVLVANIA, NtW Mt MICO, NOflTH DAK07 A, OK L AHomeA, SOUTH DAKOT A, TI KAS, UT AM,
t. MOO 4 ISLAND, OR VERaAONT, StNO APPLICAflONS TO OR WYOeflNG, S$NO APPLICAflONS TO:

U 8. NUCLE AR REOUL ATOR Y COMMIS$10N, R$0lON O
U S NUCLE AR R$0VL ATORY COWultBION. RiolON IVNUCLG AR MAf TRIAL 3tCTION 9 MAf tRI AL 62 ADI Af SON PROT ECTION SECTION

$35 PARK AVtNUt SS1 RVAN PL AZA DRIVE.SUtTE 1000tilN0 0F PRUS$1A,PA 19406 ARLINGTON TK 79011
ALIS1MA, FLORIDA,0 TOR 0lA, KENTUCK Y 48tS$11181PPl NORTH CAROLINA. AL ASK A, ARl20NA, CAllPORNI A, NAwall, Ntv AD A, On t 00N, W ASHINGTON,PUt 4TD RICO. SOUT H C AROLIN A, it NNES$d t, Vf ROINI A, VIR0fN i$t AN06, OR ANO U.S. TERRiiOmist AalO POSStSSIOffS IN THE PACIFIC, SEND APPLICAT10800
Rt9T Wifl0lNIA,stNO APPLICATIONS TO:

TO:
U S NUCLtAR REGULATORY COMMISSION, R$0lON || U S NUCLE AR Rt0ULATORY COMMIS$10N AtolON V
MAf TRIAL MADIATION PROTECTION S$CTION MATERI AL RADI ATION PROTECTION SECTION131 MARIETT A STRitT SUITt 2000 1450 MARIA LANE,8ulTE 210
ATLANTA,0A 30323 WALNUT CRitK.CA 94806

Ptf,80888 LOCAf tO IN A0lltEMENT ST AT85 SEND APPLICATIONS TO THE U A. NUCLG AR REOULATORY COMastgSIOss OefLV ip THtY tlllSH TO POSetBS Ansp ult LICENS$0 MAf TRIAL
IN STAT t8 $UBJECT TO U 8. NUCLE AR Rt 0ULATOR Y COMMISSION NRISDICTIOes.

1. THl$ it AN APPLICATION FOR (Checa apprapr.te sasavJ 2. NAME AND M AILING ADDR$SS OF APPUCANT (Jashale14e Casist

T ' A. NtW uCENil Butkin Precision Manufacturing Corporation
~'~

s AMENDMtNT TO uCENst NUMetR 67 Erna Avenue
__.

C, RENEWAt OF uCENst NUMeta Mil' ford, Cte 06460
_._

3. ADDAE581881WHERE UCEN580 MAf TRIAL WILL St USED OR POSSESSED.

so 67 Erna Avenue, Milford, Cte 06460

be 6 Roberts Drive, North Adams, Mae 01247

YsL6P,40NE NUM$tR
4 NAME OF PERSON TO St CONT ACTED ABOUT THIS APPUCATION

Halide Jo Caine, Administrative Safety Officer (203) 878-2416
$UiMlf ITEMS $ THROUGH t t ON 84 a t1" PAPER. THE TYPE ANO SCOPE OF INFORMATION TO 88 PROVIDED 18 DESCRittD IN TH8 LICENSE APPUCATION 0U105.

S flADICACTlvt MAf TRIAL S. PURPO$st$1 FOR WHICH LICGNSED MATBRIAL WILL 98 U$tD.e 9 mment snelmese number, Op. Chemsselansi/er phyesselleem, and a mankmven amount
erhish will he poseessed el sov ene Ismo

U 8 8 FOR RADIATION SAFSTY PROGRAM AND THelR S TRAINING FOR INDIVIDUALS WORKIN0 lN OR FFttOutNTING RESTRICTED ARI A8,t {Dt,V 1bsLgq 0 a C

9 F ACILffit$ AND tOUIPMENT. 10, RADIATION SAFETY PROGRAM.

13. LICENSit F tt8 4500 90 CFR 870 and sect,en 870 3 tb
"'

2eGe pCTO$ o : 350e00si. wASYS MANAotMENT. ,88cAff00m,

(A8vsf 6# campierpW Dr appisenerf THE APPUCANT UNDERST AND$ THAT ALL ST Af tMENTS AND R$ PRES!NT ATIONS MADE IN THIS APPLICATION Amt j
13 CE RATIFICATION i

SINDING UPON THE APPUCANY
THE AePLICANT AND ANY Of FICIAL E Rf CUTING THIS CERYlFICAflON ON StHALF OF THE APPLICANT, NAMED IN ITEM 2, CERTIFY THAT THl$ APPUCATION 18
NEPARED IN CONFORMITY WITH TITLt 10.COOR OF F EDERAL REGULAflON8, PARTS 30,32,33,34,36, AND 40 AND THAT ALL INFORM ATION CONT AINED HERtlN,
18 TRUE AND CORRECT TO THE St$f OF TH8IR ENOWLEDOS AND StutF.
WARNING iS U $ C SECTION 1001 ACY OF mNE 76,1648.82 ST AT.149 MAKES IT A CRIMINAL OFFENst TO MAKE A WILLPULLV FALSt ST Af tMSNT OR FttPRE$tNTATION
TO ANY DEFARTMENT OR A0tNCY OF THE UNITt0 $f ATE $ A$ TO ANY MATTSR WITHIN 818 JURISDICTION.

$10 NATURE .CERTI) VING OF FICE R TYPt D/ PRINTED N AME TITLE DATE

&g , ,,,,-
14 VOL UNT A81 Y I CONOaM OA1A

g(Q uan Jo Ca w MMsume men weer
e RoutD vou st WituNG TO PURNISH COST INFORMATION timw e*er sserf AeurefI, NvMetR OF EMPLOvtts.trem te,.Am an ca m t a

ON THE GCONOMic IMPACT OF CURRENT NRC REOULATIO,NS OR,e.A,NY FU.T,UR$*-.a. < r. Aeams fermer entiussay sues le teatractors)
<$250K StM-36M '" vU NRe re r,ea e,m

',"e'.,.'.'..".".C,."'.*,.*,','m"me".'.',".r^F=.'',',",R.'.'-P-.r.,mer,s, , .
- ',70

, , , , , , , , , .3 ,M.,M ene opencPM tenrantel
c NUMetR OF SEDS

$600K-760K $ 7M40M
N/A ] ves R NO$ 7,0K. i M > $10M

FOR NRC USE ONLY ,
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Item 8

Employee Radiation Safety Training
,

' Training courses were presented to the employees at the. North Adams,
'

. Massachusetts facility on September 2,1986 and at the Milford, Connecticut
facility on September' 22, 1986. The training lectures were presented by
George R. Holeman. Appendix C con:ains the outline of the training sessions-

' which cover the radiation safety material suggested in 10CFR Part 19 . -
Employees were effered the opportunity to ask questions ~without company.
management present.

4

Item 9'

Facilities and Eauipment

! Floor plans are provided in Appendix D and include both the ' North
Adams,. Massachusetts site and the Milford, Connecticut site. Parts'may move
by company truck with trained drivers between facilities in accordance with~

applicable Department of Transportation regulations.

Item 10

Radiation Safety Program

The Butkin Precision Manufacturing Corporation Radiation Sa fety Program
.

-is provided in Appendix E.

Item 11

Waste Management

All scrap and chips are returned to the major customer, AVCO/Lycoming,
' Nuclear-Regulatory Commission License No. STB 393 'in Department of-

Transportation containers provided by AVCO/Lycoming.

Waste may also be transferred to other licensed vendors, if necessary.
i

-

h
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. APPENDIX A

EXPERIENCE OF PERSONNEL
t ,

Radiation Sa fety Of ficers

1 Italide J. Caine
Joseph J. Gwozdz
Claire V. Senecal

Radiation Safety Consultants

Kenneth W. Price
George R. Holeman

j
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RESLEE,
;

HALIDE J. CAINE' C.P.A.

.

'

EMPIDYMENT:

I 1972-1973 DIVINA PRODUC'IS/DBA R&P INC., NASHINGKN AVE., WEST HAVEN,CT.
~ g: tRNUFACIURER T HEAL'1H & BEAlflY AIDS

QUALITY COffrROL TECHNICIAN
- RESPONSIBLE FUR ALL 'IESTIIG T PRODUCT INCWDING draw.tC

GRAVITY PYNCNOETER MEHBOD, REPRACICMETER MCIHOD, HEAT -

INDUCED TESTING.
- MAINTENE2CE T, QUALITY RECORDS E*IC.

': 1973- ' DIVINA PRODUCTS COfr.

QUALITY CCNTROL MANAGER
- RESPONSIBLE FOR DAILY SUPERVISICE T QUALITY DEPT. INCWDING

'IHREE TEGNICIANS.

1973-1979 DIVINA PRODUC'IS CCNT.

QUALITY OWTROL DIREC'IOR
- RESPONSIBLE FOR ESTABLISHMENT OF QUALITY SENDARDS AND SOPS

(EXISTING STANIRRDS FOUND LRFCCEPIABLE BY FDA)
- COMPLETE IMPIR1ENIATION AND MAIlfrENENCE OF.NEM PROCEDURES

INCWDING TESTING AND TRACEABILITY.
- COMPILED QUALITY MANL'AL AND SENDARD OPEPATING PROCEDURE

?%NUALS FOROUALITY AND PRODUCTION.
- NORKED DIRECTLY WI'IH FDA AND BUREAU T AIGHOL.'IOBAOCO AND

FIREARMS INdra'10RS DURING ROUTINE INSPECTIONS AS WELL AS
FCLID1 UP ALDITS.* IN ONE YEAR PERIOD REDUCED NGEER T (
$0NETARY VIOLATICNS BY 30K.

- CXHPLETE RESPONSIBILITY OF QUALITY DEPARIMENT AS WELL AS
ASSISTANCE IN PRODUCTICN PROBIR4 SOLVING E'IC.

1979-1980 BUTKIN PRECISION MFU. CORP., ERNA AVE., MIIIDRD, CT
MFGER. AIRCRAFT TURBINE ENGINE C0iPCNENTS

PURCHASING AGENT ANNUAL BUDGLT 800K
- RESPONSIBLE FDR PURCHASING T ALL SHOP 'IOOIS, EQUIPMENT,

PAPER (DODS E'IC.
- ADMINISTRATICH T PURCHASE ORDERS, REQUEST FOR QUCTTATICNS,

GE2ERAL CUS'ITHE:R C0tf1ACT.
- IlffF: RIM RESPONSIBILITY AS QUALITY CONTROL MANAGER (1979-1981)

- _ _ _ _ - _ - _ _
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- UPDATED NO REVISED DGSTDG OUALITY 00tEROL MANUAL,
IMPLD4ENTED NO MAD 7TAItED C!UALITY DEPARIMDE,

- UPDATED CXI@Atu FILES CF MIIJTATE AtO CUSIOMER SPECIFICATIONS,
NO DOD RD2UIRD4ENIS.

1980-1982 BUTKIN PRECISIO4 IEG. CORP. 037T.

PURCHASDG/AININISTRATIVE MANAGER NMRL BUDGUI 1.SM+ **
- CREATED ALL PUIOiASING, GENERAL ADMINISTRATIVE NO CXITNN

POLICY PIO.wCRES USED CURRENTLY.
- RESUMED RESPQGIBIIJTY FOR EXPEDITE OF ORDERS NO ASSISTED

IN PRODUCTIO1 PIANNI!G.

1982-PRESENT OPERATIOG MANAGER **

-CXI@IETE RESPOGIBILITY FOR DE FOLIDfING DEPARIMENIS:
PURCHASING 15uus;r 2.5M+
ADMINISTFATIQ4
SALES
BOOKEEPDIG
CIJS'IUiER SERVICE
IEALTH & SAFLTI
* DIRECT MIN. CF EIGHT DfluiEES AT ALL TDES

-1EAW COE1CT WITH FIELD REPS., DEPT. HEADS AND OIHER MANAGERS.
-REPORT DIRECTLY 'IO PRESIDDTT OF CORPORATION
-HEAW OBKMER AND VDEOR O27IACT
-MAIIEAIN ALL 00tFANY POLICIES N!D REVIBi ANNUALLY.
-GENERALLY CVERSEE DAILY ACTIVITY OF PLANT OPEPATIG4S.
*HEAW ATIREIQ4 TO FEDERAL, DCD, OSHA,STNT'E AND CUSTCHEP, REGUIATIGIS,
DTTERPRETATION AND DFIDERATIQJ DEREDF.

EDUCATIO1:
GRADUATE FORIEWEST CQ4NDCTICUT CDLLEGE
ASSOCIATES DEGREE, LIBEPAL ARPS

CURRDTTLY A'ITENDING SOUDERN CONNECTICUT STATE miTW(EVENI?G DIV.)
PURSUIIG DEGREE IN BUSItESS MA!WDEtTT

l MISC. CDURSES IN COST ANALYSIS,1%tWEMENT SKILLS, MILITARY
ACCOUtTTDG PRACTICES, SMALL BUSDESS SD1INARS DIC.
UtilVERSITY OF 1Ei HAVEN, QUINNIPIAC mLTM, US CCNERINEtTT
SPOGORED AND CUS'IUER SPQGORED.
SUOu:,SSFULLY CXI@IETED 40 HOUR TRAINING CDURSE IN RADIATIQ1

SAFETY

** MANAGEMQ7T IN72m URT OF OUR FACILITY IDCATED IN
NORIH ADAMS, MASS.

I

- - . - _ _ _ _ _ _ _ - _ _ . -_
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JOSEPH J. GWOZDZ
FalesgRoad-'

Cheshire,HMa.
,

.(413)"743-4401~
*

,

: EDUCATION: Hoosac Valley High School, 1973
Berkshire Community College, 1975
Associates Degree in Environmental Science
Radiation Safety Progra'm, 1986
40 hour 1 radiation safety program-
Butkin Precision Mfg,.Milford, Ct.

WORK EXPERIENCE: Eagle Mold & Tool, Cheshire, Ma.|1973
General Machine Practice
S & M. Precision, Pittsfield, Ma.'1973-1980
Developed machining skills

.

Became lead machinist and foreman
~

.. Butkin Precision, Inc., North Adams , Ma.
1980 - Present
Hired as jig bore. operator
Promoted to foreman and.am now-
shop manager

:______ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ - .
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.a CLAIRB V. SENECAL <>
,

);| h
f a ,,,,

'PERSONALDATA:[ 11' ' Woodlawn Avenue, North Mams, . Ma 01247
.

(413) 663-9334' .;,

W
; STRENGTHS: I am career motivated, . willing 'to work hard. ' Can Accept

supervision, aboe to work under stress. Can, work equally:
wel'1 alone or with~others. Put. forward an aggressive
. effort to achieve goals set' by the administration. I am
sincere and deturmined to do well..

EDUCATION: Collegeof'OubLadyoftheElms,Chicopee,Ma.
, North Mams State College, North Mams, ' Ma.

( [B.A. Business Ministration - 1982
e4

EMPLOYMENT: 1 Butkin Precision Inc., Roberts Drive, North Mtia, Ma.
''

October 1981 to Present [,

' Office Manager

Penn Coal Stove. Company, River Road, Clarksburg, Ma..
3 August 1980 to October 1981,

( if; f. Office Manager

Cecile Industries, ' Beaver Street, . North Mams, Ma.
' March 1980 to August 1980

. '
. "|

,

,
.

p, Quality Control Manager / Office Manager-yv .c,.y
[- . Inflated Products Company, Union' Street, North Adams, Ma,,

June 1974 to December 1979,

Office Manager / Quality Control Assistant Manager
'1 y Mammoth Mart, Curran Highway, North Mams, Ma..y

, March 1974 to June 1974 '
,
' ''

s
'

.Cavhier

IL , R.J . Widen Tannery, Ashtori POaue, North Mams, Ma.' #
. May 1973 to February 1974 ! \'

Packer I#
3 p

\
4 s

.i

ik
t

7
'

i

,

y , ,'

.

>
-

>

1
, ,t
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CLAIRE V. SENECAL

'

( SUMMARY OF EXPERIENCESs ,

\ ' j
4

9
/ 'AD4 MINISTRATION: I have had a variety' of experi6nce in administration. {# Y ~~

They have included preparation of government bids and
i follow ups, general offtta, work, record keeping. As j

an Office Managerf.I vas weaponsible for the operation
of all office prochdur'es and p*rsonnel.

,
,

r FINANCE: Preparation of week 1)% dgets. Responsible ,fe.r the
payroll and the accounts payablo and recei* fable led-
gers. Also trial balance and end of 'the month schedules
for management. Was responsib]n for payroll taxes,
monthly, quarterly, and yearly., I have prepared W2 forms

h j fer the employees. *-

*e
PERSONNEL: Assisted in hiring employees for the company. Exercised

sensitivity with workers in order to help them with pro-
blems which might impede their work performance.

./ PUBLIC RELATIONS: This has been a day to day routine. As a receptionist,
I handle t.ll phone calls and sales ~ representatives coming

u/ into the c Nice.
- ' /

'\ ,URCHASING AGENT: Was responsible for purchasing (mteriale to keep operations |D

. < a going smoothly. Have experience of purchasing materials ,

4 h for government contrsets as well as components for aircraft''

. ,

engines.
,

l

OTHER: In 1986, I completed a forty hour training course for 1
Radiation Safety, since we presently manufacture aircraf t
components containing a small amount of radioactive material.

REFERENCES: Available upon request. )

'

4

, ,

'
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L KENNETH W. PRICE, M.P.H.,C.H.P.
,

Business Address: Home Address:
L

Yale University 59 Kaye Vue Drive
Health Physics Division Apartment B

c314 Wright Nuclear Structure Hamden, Ct. 06514
Laboratory, West Phone: 203/287-0250

P. O. Box 6666
New Haven, Ct. 06520
Phones : 203/436-0570

EXPERIENCE - EDUCATIONAL

Degree / Year Institution Field Study

B.S. - 1966 California'St. College Physics / Math
California, Pa. California, Pa.

M.P.H. - 1968 Yale University Radiological Health
New Haven, Ct. New Haven, Ct.

- EXPERIENCE - PROFESSIONAL

Northeastern Regional Health 1967 U.S.P.H.S. Fellow
laboratory

. Winch, ester, Ma.

Lawrence Livermore Laboratory 1968 - 1974 Health Physicist
Mercury, Nv. Nuclear Weapons

Testing

Nevada Nuclear Test Site 1972 - 1973 Consultant to the
Mercury, Nv. U.S. A.E.C. in con- I

"junction with the
Los Alamos Scien-
tific laboratory

.

- Yale University 1974 - Present Health Physicist
University Health Services
New Haven, Ct.

Yale University 1979 - Present Appointed Lecturer
School of Medicine in Public Health:
Dept. of Epidemiology and Radiological Health

Public Health
New Haven, Ct. J

1-

Yale Univeristy 1979 - Present Deputy Director,
University Health Services Health Physics Div.
New Haven, Ct.

.|

_____--_-__ --_ -- )



.

State of Connecticut 1981 - Present To advise governor
Governor's Independent Risk in event of nuclear

Assessment Team (IRAT) power plant emer '
Hartford, Ct. gency

Radiation Consultant 1982 - Present Legal work, training
license preparation
and dosimetry
calculations

Member, American Association of 1984 - Present To prepare a
Physicists in Medicine (AAPM) guidance document

Special Task Group 27, for surveying High
" Neutron Measurements Around Energy Linear

High Energy X-Ray Radiotherapy Accelerator
Machines"

i

Radiation Accident Laboratory 1984 - Present On 24 hour alert
]for the evaluation

of internal and
external personal
absorbed doses due
to nuclear power
accidents involving
radioactive j
materials. Work j

also included lab l

analyses of contam-
inated items and
biological samples
for activity and

,

assessing the
impact.

,

|
Consultant for Northeastern 1984 - Present Work involves the !

Utilities Nuclear Power Co. preparation and
observation of i

medical nuclear !
accident emergency
scenarios for two
nuclear reactor
sites. Work also
includes training
of plant techni-
cians and ambulance
personnel, and
hospital emergency |

-

room personnel.

Consultant, Victoreen-Nuclear 1985 - Present To prepare a
Associates document describing

the function and,

use of an extra-
polation chamber
for beta dosimetry
in nuclear power
plants

_ _ _ _ _ - - _ _ - _ - _
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;
,

SOCIETIES

Member, Connecticut Chapter of the Health Physics Society
Member, Board of Directors of Connecticut Chapter of the Health Physics Society
Member, National Chapter of the Health Physics Society

CERTIFICATION
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APPENDIX B
'

RADIATION SAFETY OFFICER COURSE

Presented to Butkin Precision Manufacturing Corporation
by Kenneth E. Price and George R. Holeman
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Outline and Handouts
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-Low-Leval Eff0 cts ef Radiction.
'

.:

| : Objective

-Definition of Low-Level Radiation Exposure

"fList Exposure Rates in US

' Risks
.

.Cenetic
Induction of Cancer
Effects on Embryo

Genetic Hutations

Hutations
domminant
resessive

,

Animal data- '

Estimation of Genetic risks
Doubling dose

Cancer Induction '
A bomb cancers
Latent period
Cancer risks '

| Radiosensitivity
absolute risks
relative risks

Dose rate effect -

Linear extrapolation
Effect of sample size
Models
Somatic effects
Suceptable individuals

Effects on Embryo

Classical Effects
growth retardation

,embryonic death -

congenital malformations
Variable Factors

radiation dose
'dose rate

stage of gestation

Radiation Protection Cuides
Threshold
Occupational Riska

i.

1.

I

1

I

I

i

~
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l

Life expectancy
Cancer risks
Comparable risks.

,

Ef fects of Accidental liigh Level Exposures

Acute Radiation Syndrome
Slides of damage

3

|
.

I

e
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tilYS10 LOGICAL,I)ATA FOR ftttuENCI! klAN -

N. COhlPOSITION ANil FLOW OF NASAL SECREllON
1he coperntratir n ofinorgnnic lons in nasal secretion is inversely telnied to the daily

wlutne. I Atla on the elemental cotoposition of nanal secrellon is presented in "Inble 131.
- ------

i ill
. I' low ranges from 500 to 1000 ini/ day (ief,423, p. 322). 'Ihe bulk of the secret on w p.

find its way to the Of tract. d J'"

'

TAst2131.SoMe Muon etturNis m HA3Al. (j
srcatrioN (ref. 354)

Lif
t. ,

Water 95-97 m per 100 ml Q )
Calcium 11 nir 8 - - In4 sul *) J

'

,

Chineine 4U nm per 100 nil
,

1

l'ut t%|tHI~. 69 fHP l'er 100 tHI I

Sodium 295 ans per 100 sul

'hity at

ef.109,
[O. SUMMARY OF hlODFI, VALUES FOft D AILY DALANCE OF N

ELEhlENI'S IN ItEFERENCE MAN i%

d-

Intake t.osses

'g\jl'a ge rond and
act. Eternent I tukts Alaborne Urine reces Others Units

g, gg,
llICiegit 361 Aluminium 45 0.10 0.10 43 I sweat ens '

0 0006 helt

368 A neimony ~ 50 0 05 ' ~40 -9 I hair pg
Q

369 Arsenic 1.0 0.0014 0.05 0.5 0.5 x 10*8 hair and sus
.

nalle
0 I5 other losses

'

-

370 finclum 0.75 0 09-26 0.05 0.69 00f sweat eng

x 10 s 0(115 hnIt |

371 Derylllom f2 <0 01 1.0 10 1 other kmes rg

371 flismuth 20 < 0 01 16 18 Not knnwn es
-

>

372 flaton f.) 1.0 0 27 < 0.n01 hair eng
/J

372 Dromine 7.3 7.0 0.01 019 swept sus

0 01 ether nuids p'
,

0.002 hair ''rs
311 Codmium ISO <l 100 $0

N'374 Calcium f.4 0.18 0.74 0 0.12 015 seest s
1 race other Dulds .'

>

sml hnir

371 Carbon 300 10 7.0 77n eshnted 3

18 other losses

378 Cesium 10 0.02$ 90 <10 Swest rs %

378 C hforine .5.2 4.4 0.03 0 78 sweet 8 ,

0 05 other fluids
'

380 Chromium 150 0.1 70 80 i sweat es ',
--

0 6 hstr
'Irece other fluids I','

381 Cobalt 300 < 0.1 200 90 4 0 swent rs %
2 4 hair "L
1 race oiber fluMs

|
382 Correr 3.5 0.02 0.03 3.4 0 010 0 to sweat eng

0 09) hair smi cells
;;

0 020 menstrunl loss
lence other Dukls

383 Fluorine 1.8 10 0.15 0 65 sacat fns y
g

1 sce other Dulds
f,,suf e

''" OI Continurd
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'.*i Intake Lesses

"

+
i d rate F ond and
4 sef, l~lement f luids Airborne Urine I cees Others Units v

.
385 Octmanium 1.5 1.4 0.10 Sweat ens'

385 flydrogen 350 160 13 72 swent 3.j 95 Imemible Ims.

44 lo umrectned losses'

6 386 lodine 200 0.5-35 170 20 6 s' vent pg 4

J23 hair
1 ence other Onkts ]
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,

-
<
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0 01 0 2') 11 O rn memtrunt losses 1
9 12' '
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,
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.'p 396 Molybdenum 300 < 0.1 150 120 20 swent pg9

1 0 01 balr

"|
b

1rnce othee Rulds
-

N 397 Nickel 400 0.6 il 370 20 sweat es,

); l ,, I hair
.

'

k 398 Niobium 620 360 260 1rnte sweat pg
-'' ,

4 0 3 lielt
i,$ i

398 Nitrogen, d 16 15 1.5 0 3 swent. d, 9 3 q*
1 race hair, nnlis, d, 9 4

is

J.k
9 13 13 f.3 1 race other nunds, d, 9 1

|.b.;i
400 0:3 gen, d 2600 920 1300 300 720 ethnled g

,' '( SFO sweat
g 7f 0 insentit le sweat loss

-

-

|,[',. '
,

i 9 1800 MG 3100 90 Sle eshaled
310 sweat i

,'
510 Insensible sweat loss |

' g:: 1

' .4 400 Phosphorus 1.4 0.90 0,50 0001 ewest g
0 0001 hair
lance ether nuids

i 402 l*olonium- 3.2 < 0.01 0.011 3.2 T rece sweet, hair pCiI 1
., 0 2101

i 403 l'otesilum 3.3 2.8 0.36 O li sweat 3

1rnre other Ruids
i , d .r'

404 It adium.226 23 0 08 22 Not known rf'l j
| q.

405 llubidium 2.2 1.9 0.3 0.01 sweat nnd mg I
I'

niber fluids' ,[,, i
'' 4 406 a clenium 150 50 20 gn e ent pg

I
0 3 hair

?',)d
1ence other nuids'

#1 t 407 I;ilicon 3.5 157 10 10 01 belt ens

|g-
,

407 fillvee 70 9 60 0 4 surnt pg

.7.4
0 6 hair j

'

: 408 liodiurn 4.4 3J 0.1 O f f swent g
' g'' O 11 other 11plits

'h, ,, O I it 10 8 heir

''h 409 $trontium 1.9 0.34 1.5 0 02 swent ans
0.2 x 10 8 hair

(>$ 1rnte other Dunds I

* 1 All Sulfur 0.85 0.54 x 0.8 0.14 0 026 swent s j* ,

t

- 30 s 0 0.12 hair, nells
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O. So s.iAsy or poort. vat.us s toit DAitV PQANCE Of FLtMEHts $N RtitRfMCE alAH (r,'nflgped)

* - O qt
i

intake Loises
g

-

l'are romtand
ser, f icnient f luide Airborne tirine l'eces , Others Units > -*'

| 4[ 1rHuelum 06 0 0 $l 0 10 0Of exhaled rus } '. af,

412 1 hsHluen I.S 0.05 0.5 3.0 01 x in 8 Inir es if ;, ' j ' O

1 race swest, snuk 3 ;X.'1 '

41) 1boilum 3 01 29 rs p'_

IJ' ~~I 4 0.34 x 0.02 3.s 0.5 sweat ms | '
10-8

di4 tilenium 0 s5 1 x 10 8 0.33 0.32 0 : x 10-8 halt ens |
!

Als Uranlurn 8.f 7 x 10.s 0.0001 1.4-1.s 0.02 hair rs
416 Vanadium 2 0.2 x 0.01$ 1 ms |30'' k 4

1 416 26ne 1) < 0.8 0.3 II O 7s sweet ms i g (,,;'
Lj 0 01 hair. nnHs

-' * kt
' .. .

I memhuniImt ' *

; ' .4 ,.'413 Zirconium 4.2 0.13 * 4 ans ,,

}' 4

I .&1, Al.UMINIUhl, ATOMIC No.13
N

'
'

Aluminium balante for reference man (mg/ day) to D[h eIntake f. esses ,

l'ood and Hulds Ahborne Urine l'eres Others
..

t*

45 O.10 0.10 43 I snest .f%
-

'

0.0006 halt y
a:

Aluminium is ubiquitous, but little is known about its daily metabolic balance in 1
y{,man.

fAluminium in food and fluids is reported to vary between 7 and 500 mg/ day. Whether

p. vy/ lmuch of this variability is due to annlytical errors, contamination of samples, or environ- !

mental origin is unknown (refs. 553, p. 325; $$3a, p. 426). Aluminium is derived princi- r; g
pally from plant foods, baking powders, cooking vessels, and metal foils, so that the type ,,, . ,,,4'

of diet and customs of cooking can alter intake considerably (refs. 85; 293; 315; 549, p. f %

mnximum of about 135 mg Al/ day (ref. 85, pp. 399,429). No d.ita have been found for the '.F? .
[,'.

|i;1684; 577). A reasonable intake in a " Western-type" dict is about 45 mg Al/dny, with a 'r

- 'y
'

| Intake of aluminium by children, but estimates could be based on the total weight of '?.

food eaten. ! .

IfAlmost all dietary nluminium appears in the feces (97-102 %; ters. 85,'p. 410; $53a, p. |
427), but not all of this represents unnbsorbed material since aluminium is found in bite 3 kWin p

(ref. 85, p. 411). Absorption of aluminium in food or of soluble aluminlum in experi- g g6}
mental mammnis is low (refs. 553, p. 326; 553a, p. 426). In a balance study for a single ,y,f g g,
individual during a 28. day period, fecal loss was 42 i47f mg AI/ day, while the diet p, -

%
contained 36 & 62t mg Al/dny (ref. 293, p. 586, table 6). g ,,

'

"the concentration of aluminium in urine is low and scarcely allected by chnnges in p ;

dietary aluminium, even when large amounts are ingested (ref. 85, p. 409). Ilowever, g '

n wide range of values have been repolted 0.02-1.00 mg Al/ day (refs. 85, pp. 409-10; 9y',f;!"*
(.293; 549, p.1684). .w

in some soft tissues (i.e., lung) the concentration of aluminium increases with age (ref. {j-
9

545, p. 65). y. j g g.4
' YO * *

{ Standard devlation. $f,f$f *fW..

,

-
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nuljects (nonsmokers and nonvegetarians)(ref.
from 0.2 in 4.8 pg/dny for tince norn ".'r 0.5 pg Tl/dny represents one.thisd of the postu-
589, p. 26". inble 6). ') he model ligmc . i

Jnted inint.c of 1.5 pg 'll/ day. Smol e in (tluce suljecta) excreted about 1.4 pg/dny and
<

vegetarians nbout 1.9 pg/ day (sef. 589, p. 269).
No estimntes hnte been found for the Icent loss of timilium. On the basis of experi-

mentnity established ur Ine values, fecal loss (estimnted at 50 % that of m ine Inss) would be
about 1.0 pg Tl/dny.'l hus this ligme wns chosen to achieve balance in ihe model. Secre-
tion of thallium also takes place in milk (ref. 568, pp.1765-6), anel thnflium is excreted
in hair and nnils (refs.198, pp. 63-64; $22, p. I til; 589, p.167, table 5; 605, pp.157-8); i

but these losses are insignificant in the daily balance. Since thallium is present in blood
g

(standard error of the mean,0.01 mg/l; ref.103, p.107) and is excreted in urine, it is f'
' -

expected to be in sweat also.
14

| G'<---

f 45. in<muut, Alortic tio.J9J))
'

*lhuslum balante for refnence man (;'C/dn3)

inint.e f.cnes,

food and fluids Usine l'eces

.?
3 0.1 2.9

@
Thorium is widely distributed in rocks and soils, but it is scarcely soluble, and, conse- 5

quently, very little is incorporated by plants. Generally, l!s concentration in nsh of the i
serial parts of plants will be about half that in soil (ref. 571, p. 320). Little is known of theM
amount of thorium in diet or foodstuffs. Drinking water usually contains low concentra- @
tions (refs 308; 417, p.135) so that the daily intake of thorium in water (2 liters drunk) @
would be about 0.05 pg (ref. 417, p.135) or 4 pg (ref. 308). V

Absorpilon of orally administered thorium appears to be low;in laboratory experi- f,
ments on rats with soluble thorium snits and small doses (< 30 rng/kg VT), a telention of
0.06-0.6% was observed. For insoluble preparations, a still lower retention was found{

.,

(refs.16, pp. 91-93; 444, p. 32). y
Daily nrinnry excretion is estimated to be 0.1-2 pg (refs. 408, p. 29; 417, p.135) andy

daily fecal loss,3.2 pg (ref. 408, p. 29). After inhalation or intravenous administration (in
dogs and rats), only part of the dose nppears in the urine; the remninder is in feces (refs.

,

4R, p.165; 523, pp. 660-2; 541, p.160). For this reason and because of low absorption3
from the GI tract, fecal loss is higher than urinary loss. ||

4
;

46.11N, AlohllC No. 50
'

lin balnnte for reference man (n:s/da3)
lesses .

Intake &[
Urine feces Others .

Teod and fluids Alaborne .,2

4 0.34 x 10-8 0.02 3.5 0.5 snest
rI
#1

The trace metal sin has long been a contaminant of the human environment, first
when bronze was developed, then with the relatively modern development of preserving

y
$
i

> \

*
,

k
A,

|



-- .-. .

.__.-.

Chapter 9
s

Radiobiological 1)nta )'

Radiation protection regiaires an understanding of the prompt and
long-term biological effects of rodfation and numerical estim1 ten of
radiation risks. This chapter presents the characteristics of the " acute
radiation syndrome" which can occur if an individual is exposed. to higli
doses of radiation, and the effects of high levels of radiation on the
skin. It also describes the long term bioeffects of low levels of
radiation on population groups. These risks are quantified and are put in
prospective by comparinon to other societal hazards.

The phynieni chnrneteristics of diffesant types of rndint Nii influence
tha radiation dose the body or an organ recnive as a consequen c of
exponure to dif ferent indienctive materinis and/or different typen of
radiation. These physical parameters'such as the relative biologien1
effectiveness, the stopping power, the effective half-life and others are
discussed within the context of calculations for internal doses from
radionuclides. Several methods for the calculation of internal dose are
presented in the context of this chapter.

These calculation methods for estimation of internal radiation dose
require models for the intake, uptake, and elimination of radionuclides
from the body. Ilodels are presented for. inhalation and ingestion of
radioactive materials and are illustrated graphically and by mathematical *

<

equations. Biological parameters such as f ractional uptake by various
organs of the body for different radionuclides, organ weights, and '

physiological characteristics of biological processes by age and sex appear
in several tables throughout this chapter. .

All of the above materini provides a basis for an understanding of the
biological effects of radiation and methods by which radiation doses to
specific organs and tissues may be discerned.

!
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Table 9.1. Phases of the Acute Radiation Syndrome

rhnne Duration Symptoms

l'rodromal 1 - 4 days hiorexia
ifnivoen and vomiting
ratigue

Latent Period 2 - 3 weeks flo symptoms

Hain Illness 2 - 6 weeks IIemorrhsge
Susceptibility to

*

, Infections
Epilation,

Diarrhea
Tremor and convulsions

#
Recovery Variable --

.

0

.

0t

. .

|

,

, -
-
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Tabic 9.2. Actir e Clinical Effects or single Illgh Dose r .l e ,7 s

E::1osures of Whole-Body irradiation to lleallby Adults

|

l
ibne frangq j

i

Lfl0.l.lipp rence Lflyn+ Il'hsse of rnponse .

=100-000 reda den lethat rances fuer non ends souprnlethel rangen

'*"8'I
lim.rpo rede 2im fien eails sino.gno radie atm.1tmo ends Oter ;I"no e ads <

1

Jnitia! renpense

incl.l.nre of nousee
iand enmiting rione.6% 5. fin % 60 . l00 % fl lout 100% 100%
'

Ilme of enset ~30hr -2 4 hr ~ 1 2 hr ci hr < t hr..

|
thr etinn <24 hr stehr < 41 br citi hr 4* hr..

rnent *t 100% 7 80% epa perform enn ers tarm pe ng resili e prnr e rn <ti c
>

)effectiveness enuttne tanken nnly almple Ine appritntion ent ne9ritniten j
euntnined routine tanksg following en inflowing an
comhet or eignif ernnt enely enps. ently enps. )'
comperable inenpacitatinn tillity (n, hitety for

'' acItaltien in upper part Inte rmittent intermittent
hampered for of ranges he rnte herole
s . 20 hr Inste more response response

,

then 24 hr i

Latent phase

[htstion more than ervenstmately none to none to pone..

8 ereks f 85 days sternaimatel> prprntimately
i deys 3 days

eSecondary response
k

81gne and symptoms none moderste severe leuknpenins purpura, diarrhees convulsions: I,

leukopents hemerahnges infections fevers t remerg
eptletten after shout 300 tads disturbance of stR21#1
and above electrolyte lethargy

balsnee

Time cf enaet 2 meeks or..

several days to I sechs 3 3 dayspostexposure more ..

,,,'|r,'r;;,c- a
.. . .. . .ee,s . . l. da,e ....hr

*n 'Fatem
responetble g,,,,,,p,,,, ,e , y ,,,, pptrWntutinal central,,,

ts act nerenus
system

_ltoppttaltrat ton

l'e rcentag e none 410% wp to 90% 100% 100% 100 %

thrstion 48 60 days 60 90 days to. ifo days 3 weeks 2 days

incidence of death none pone 0 80% '$0 100% 90 500% 90-100%
Average time of death 3 mteks to 2 rnonths 1.t weeks I dslo.. ..

.'p he r spy none hemetolagte blood transfusion, entihintics, maintenance of suppne ttee
sureelliance rest etertrolyte t re stment

halance

(Froin NATO Amed P-6e Part is 1973)

@
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/~'. Table 9.3. C. classification of Acute Radiation Injury

,4
Group Whole Body Character Symptoms

I [50-200RJ !!!1d-Transient !!ont of these patients are
asymptomatic; a few may
have af.nfmal prodromal
symptoms.

11 [200-450R] !!ematopoetic these patients develop the
acute radiation syndrome in-

a mild form. After transient-

prodromil nnusea and vomit-
ing. laboratory nn1 mild
clinical evidence of hema-
topoletic derangement
dominates the picture.

III (450-600R] Itematopoetic A serious course occurs in
these patients. Complica-
tions of hematologic mal-
function are severe and, in I

the upper part of the group,
some evidence of gastrointes-
tinal damsBe may also be
precent..

i
'

IV [600-1000R] Gastrointestinal An accelerated version of the'
.

acute radiation syndrome
occurs. Complications of
gastrointestinal injury dom-
inste the clinical picture.,

The severity of hematopoietic
disturbances are related to
the length of survival time-
following exposure.

V [Several 1000R] CHS Fulminating course with I

marked central nervous system
impairment occurs in this
group.

l
(From The Acute Radiation Syndrome in flan (Af ter George E. Thoma, Jr., H.D. and ]Hiel Wald H.D., BRil Training Publication No. 3n) ;

i

,

i

f!!> I
4
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Tabin ').4. Radiation Injury to the Skin
,

Done Ellect

(Rods to Sk.In)
-

- 200-300 Epilation

> 300 Radiation dermiticis and
erythema

1000-2000 Transdermal injury.

> 2000 (single Radionecrosla
exposure)

t

> 5000 (over chronic dermititis
extended period)

(Af ter NdRP Report No. 29)*

.

Table 9.5. Tissue Dose Rate at Various Distances
from a 1-mci Alpha Emitter

Distance Dose rate at distance
(pm) (rads /hr)

8
10 1.7 x 10

7
20 5.2 x 10

25 --

30 0

35 'O

.

@
192
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Table 9.7 D f inition of Genetic and Somatic Effects
g ).of I,ow-Level Radiation

1. Genetics Effects parred on from generation to generation
Soma tie t Effects manifested in exposed individuals themselves

i

II. Radiation effects also characterized as
Non-Stochastic (NS)'- Severity proportional to dose.
Stochastic (S) - Probability of occurrence proportional to dose.

III. Rndlation Effects
Cenatic Due to mutatinn of genetic materini (S)
Soc.atic Developmeutel abnormalities in the fetus c

Growth retard 1 tion |

.Catarnets (IIH)
Effects on fertility (115)
Aging

i

cancer induction (S) '

'' .' Female breast
Thyroid.

llematopoetic.

Lung
..

IG1 organs.

Done.

Skin (NS). ,,

..

(S) = Stochastic - '

(NS) = Non-Stochastic

Table 9.8. Genetic Risks of Low-Level
lonizing Radiation

.

One rers before conceptio6 is expected to.

produce 5-75 additional serious genetic
disorders per 1 million live-births (First
generation)

.

This is smail in relationship to the usual.

incidence of serious genetic disorder of about
610% of liveborn off-spring ( 90,000/10 live.

.birthe)

.
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Tobic 9.9. Cnneer Rish from Radf>stfon Exposure-(q (from Regulatory Cuble 0.29, U.S. liuclear - '

' J,j Regulatory Commission)
;,

.

The cancer risk estinistes are presented below

Estimates of Excess Capeer Incidence r i

From Exposure to Low-level Radiation

Number of Additional * Cancers
Estimated to Occur in 1 flillion
People After Exposum of |

Soutcq l Rem of Radiation to r.ach
,

b-
BEIR, 1900 , f 160-450

/
'ICRP, 1977 200

UNSCEAR, 1977 150-350

" Additional means above the normal incidence of cancer.
b 1

All three groups estimated premature deaths from radiation- |
induced cancers. The American Cancer Society has recently !
stated that only about one-half of all cancer cases are

$ fatal. Thus, to estimate incidence of cancer, the published

. J. numbers were multipled by 2. Note that the three groups are
in close agreement on the risk of radiation-anduced cancer.-

In an effort to explain the significance of these estimates, we will use an
approximate average of 300 excess cancer cases per million people, each
exposed to 1 rem of ionizing radiation. If in a group of 10,000 workers each
receives I rem, we could estimate that three would develop cancer because of
that exposure, although the actual number could be more or less than three.

The American Cancer Society has reported that approximately 25 percent of all '

adults in the 20- to 65-year age bracket will develop cancer at some time from
all posofble causes such as smoking, food, alcohol, drugs, air' pollutants, and
natural background radiation. Thus in any group of 10,000 workers not exposed
to radiation on the job, we can expect about 2,500 to develop cancer. If this
entire group of 10,000 workern were to receive an occupations 1 radintion dose
of 1 rem each, we could estimate that three additional cases might occur which
would give a total of about 2.503. This reans that a 1-rem dose to each of
10,000 workers might increase the cancer rate from 25 percent to 25.03
percent, an increase of about 3 hundrethe of one percent.

,i

As an individ'ual, if your cumulative occupationni radiation dose is 1 rem, 1
'your chances of eventually developing cancer during your entire lifetime mny

have increased from 25 percent to 25.03 percent. If your lifetime '

|
occupational dose is 10 rems, we could estimate a 25.3 percent chance of

I developing cancer. Using a simple Ifnear model, a lifetime dose of 100 rems

| may have increased your chances of cancer from 25 to 28 percent. |'

I
,
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Table 9.9. Courer Risk from Radiation Exposure (Continu~l) i,

' i lhe noimal chance of developing cancer if you receive no occupationni tj/ -,
q

radiation domeils about eqoni,to;your chancet of itet. ting any spade on.a single ;

draw frc= a full deck of pinyfng entds, which is.one chnnee out of four. The i

additions 1 chance of developtr.g cauter from en occupational exposure of I rem |
'

is less than your chances el drawing an s' tr from a full deck of cards threec
4

times in a row.

Since enneer resulting from exposure to radiation usually occurs 5 to 25 years
after the exposure and since not all cancers are fatal..another useful messure .

of rink is : yelars of Iffe expectancy lost on the xaverage from -a

radiation-induced cancer. It has been estimated in several ntudies that the
av' rage tonn of life expectancy from exposure to radiation is'ebont I dny pere
rem of r9posure. In other words, a person exponed to i rem offudinrion mny,
on'the nyerage lose 1 day al life. *1he words "en the avernge" ara important,
however, because the percon > who gets cancer f rom rndiction any ;hne severn1

'years of life expectnucyJ vhile his coworkers suffer no loss. The ICRp

estimated that the average number of years of life lost from fatal industrial
,, accidents is 30 while the average number of years of life lost from a fatal' {"

radiation-induced cancer is Afs. The shorter loss of life expectancy is due to |c.

the delayed onset of cancer., ' '#
,

k . _

.

Many-It is important to realiza that these risk numbers are only.est:lmates.
difficultica are involved in designing research studies tl.4t can accurately.

'

a
measure the small'ineresses in cancer cases due to low exprorures to radiation -

as compared tv tije normal rate of cancer. There is att11 uncertainty and a }l

great deal of controversy with regnrd to estimates of radiation '. risk. The

numbers used herp woult from studies involving high doses and - high dose
i rates, and they pay'not apply to doses at the lower occupational levels of

exposure. The Np0 and other agencies both in the United States and abroad are
continuing extenalve long-range research programs on radiation risk.

Soma members of the Nationni Academy of Sciences BEIR Advisory Committee and
others feel that risk estimpten shown above are higher than would actually

fcccur and represent e.n upper limit on the risk. 0ther scientists believe that ;

the estimates are low and that the risk could be higher. Ilowever, these

estimates are considered by the NRC staff to be the best available that the
worker can use to make an informed decision concerning acceptance of the risks
associated with exposure to radiation. A worker who decides to necci.t this |

risk should make every effort to keep exposure to radiation AhARA to avoid
'

unnecessary risk. The worker, af ter all, has the first line responsibility

for protecting himself .from radiation hazards.
_ .

>

.
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iy - Table 9.19. R.tak Estimates for Ubole-Body-#

i> Low-I,evel Low-LE 1 Rndiationj.
:s*' (Concer!!ortality) ~q

(After BEIR III) j'

,

< , . 1,
,

0
6

j100 Excess cancer deaths over a life-time per 10 persons
exposed to I rad of radiation . .{

~4Risk 1 x 10 per person per rad over a lifetime
-6Risk 1.4 x 10 per persons per rad per year

T

In s' population of 10.000 persons - 1 er.ccaa cancer death over 1
.

a lifetime would be expected f rosi an expoenre of'1 rad to each
I '

'
' person.

The expected deaths from cancer for 10,000 persons over a.

lifetisse is normally 1600.
]

's ,

j'e

1 {

')
d Table 9.11. Site Specific Cancer Risk

-

, .. (After HCRP No. 43)
-

--

.,,

Lifetime Risk Olortality)

Cancer Per Person / rad "Best Value"
x 105' .

*

Leukemia 2
"<.

0
Thyroid 1

!Breast 5 .

Lung 2.5 c. p |, it

Bone O.5 1
'

?.,

Other -1 a
, ,

|~

'
s c

'
.y

77-

7

g

'

9 ||,

,.

s
^
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I ntele 9.12. . BEIR 111 Fummary Results (
\(From Report of the Committee on the Biologirnt Eff ects of lonf r.f ug Pndiation,

Hat.fonal Academy of Science, 1980)., (Courtesy of the National Academy Press,
Wanhington, D.C.)

Estimated Excess flottality Per Hillion Perconn from all Forms -

of Cancer, Linear-Quadrative Dose Response Hodel for Low-LET Radiation

1

Absolute-Risk Relative-Risk
Projection Model Projection Model |

I
Sinr,J n Exposure to ' 10 Rads

NoiiGl Expectation 163,000 163,R00
Excess Cancers llumber 766 2,255

'

% of Hormal 0.47 1.4-

Continuous Exposure to I rad / year,
lifetime.

Hormal Expectation 167,300 167,300
Excess cancer: Number 4,751 11,970

% of Norma 8 2.8 7.2

Continuous Exposure to I rad / year,
age 20-65

Excess Cancers % of Normal 1.9 3.2

k*

Table 9.13. Estimated Loss of Life Expectancy
from llealth Risks j

(Adspted from Cohen and Lee, "A Catalogue of Risks," llealth Phyoice, Vol. 36, j
June 1979). '(Courtesy of The Journal of The llealth Physics SocietyJ. "

|

Estimates of Days of Life fIlealth Risk Expectancy Lost, Average
3

Smoking 20 cigarettes / day 2370 (6.5 years) j
overweight (by 20%) 985 (2.7 years) l

All accidents combined 435 (1.2 years)
Auto accidents / 200
Alcohol consumption (U.S, average) 130
llome accidents 95
Drowning 41
Natural background radiation,

calculated 8
Hedi, cal diagnostic x-rays (U.S.

average), eniculated 6

All catastrophe (earthquake, etc.) 3.5
1 rem occupational radiation dose,
calculated (industry average for the

h) Ihigher-dose job categories is
0.65 rem /yr) 1 V,

I rem /yr for 30 years, calculated 30

i
198
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Table 9.14. Estimrited Loss of I.ffe Expectancyc-
from Industrial llazards;

(Adapted from Cohen and Lee, "A Catalogue of Risk," ilealtl1'

Thysics, Vol. 36, June 1979; and World llealt.h Organization,
Ilealth Implications of !!ucicar Power Production, December

'
1975.)

Estimates of Days of Life
Industry Type Expectancy Lost, Average

,

All Industry 74
Tr mie 30
flamif actu ring 43
Service 47 i

Covernment 55
Transportation and utilities 164
Agriculture 277
Construction 302
flining and quarrying 328
Radiation accidents, death from

exposure 1

Radiation dose of 0.65 rem /yr (industry
average) for 30 years, calculated 20

,

Radiation dose of 5 rems /yr forg
I 50 years 250g

Industrial accidents at nuclear
facilities (nonradiation) 58

i

Table 9.15. Probability of Accidental Death j
by Type of Occupation l'

i

!
i(Adapted from National Safety Council, Accident Facts, 1979;

and Atomic Energy Commission, Oy rational Accidents and
Radiation Exposure Experience, WASil-1192,1975.) |

Humber of Accidental
Deaths for 10,000

Occupation Workers for 40 Years

Ifinin8 252 i
Construction 228 |
Agriculture 216 ),

Transportation and public utilities 116 j
All industries 56 j.

Covernment 44
'

Huclear industry (1975. data excluding
construction) 40

Itanufacturing 36
Services 28 1;

Wholesale and trade 24 |
|

|
'
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Figure 9.1. Clinical Effects of Whole-Body Irradiation in Man
(From NATO AMedP-6. Part 1, 19 )--
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Radiation is like roost substances that cause cancer in
that the effects can be seen clearly only at high doses.
Estimates of the risks of cancer at low levels of exposure
are dertred from data available for exposures at high dose
levels and high dose rates. Generally, for radistion protection
purposes these estimates are made using ;he linear model
(Curve 1 in Figure 1). We have data on hes.A effects at high
doses as shown by the solid line in Figure 1. Below about
100 rems, studies have not been able to accurately measure
the risk, primarily because of the smallnumbers of exposed
people and because the effect is small compared to differences
in the normal incidence from year to year and place to place.
Most scientists believe that there is some degree of risk no
matter how small the dose (Curves I and 2). Some selentists
believe that the risk drops off to zero at some low dose

.

(Curve 3), the threshold effect. A few believe thst risklevels |
off so that even very small doses imply a significant risk
(Curve d) The majority of scientists today endorse either
the linear model (Curve 1) or the linear quadratic model

*
(Curve 2). The NRC endorses the linear mndel (Curve 1),
which shows the number of effects decreasing as the dose
decreases, for radiation protection purposes.

Figure 9.3. Some proposed models for how the cancer risks hof radiation vary with doses at lov levels. V
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Figure 9.5. Deposition of dust in the respiratory system. The percentage
of activity or mass of an aerosol, which is deposited in the
N-P, T-B and P regions is given in relation to the Activity
Hedian Aerodynamic Diameter (AHAD) of the aerosol
distribution. The model is intended for use with aerosol
distributions with AHADs between 0.2 and 10 pm and with !
geometric standard deviations of less than 4.5 Provisional
estimates of deposition further extending the size range are
given by the dashed lines. For an unusual distribution with ;

an AHAD of' greater than 20 pm. complete deposition in N-P can '

be assumed. The model does not apply to aerosols with AHADs
of less than 0.1 pm. (From ICRP 30, Part 1, Addendum Part
3)
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RADIATION PilYSICS COURSE OUTLINE

f.,XTERNAL, EXPOSURES,

- I.' Basic Math

A. Exponentlais.
B. Scientific' notation
C. Units and dimensional analysis

STUDY GUIDE PROBLEMS.

II. Activity

A. Radioactive decay- the disintegration and per second
'

B. Curie , millicurie, microcurie, becquerel

1 Curie = 1 Ci = 3.70 x 1010 dps
X.

millicuries = Curles41000
.

microcuries.= Curies'A1000000

Becquerel (Bq) = 1 disintegration / second -

STUDY CUIDE PROBLEMS

Ill. Radioactive Decay

A. Alpha, beta, gamma, interest conversion, fission
B. Radioactive half life and decay computations

to compute activltv thee u111 ha present after a time t
- .y91 t-

TR No E h

Q = en'dke pilws]g h, hd/ dife t'c|Mj)W fosv.

Tis ual t mus + be m Ak sm un ds
to compute activity that was present t time before

eM3L
No 5 00 TU |L

|

| ;
\

1
| STUDY GUIDE PROBLEMS

|

i

!

I
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C. Emission frequency of radiation, branching ratio or abundance*
.

i

1.1 Table look up .for number of each type of radliation' per.
disintegration. Table 1.

*

a. examples of emissions from table I and explanation of table.

2. Explain figures'.1,2,3,4 as decay schemes for isotopes *
.

STUDY CUIDE. PROBLEMS

'D. Radioactive Series--Thorium Series

1. Explain the concept of decay into daughters
a. Explain equilibrium (secular, transient, and none)

2. . Explain table 2-10 and thorium series. ' 220Rn also.

$TuDy Gu%DE Preon LE M

IV. INTERACTION OF RADIATION WITH MATTER

A. Specification of particle energy, Mev.
1. Particle or radiation energy and general penetration-eV, kev,MeV

B. Ionization processes

1.-Beta and alpha particle direct ionization

2. Photon, gamma, x-ray indirect ionization.

C. Show photon interaction processes in a shield,

1. photoelectric , Compton, and pair production.

V. RADIATION INTENSITY AND INVERSE SQUARE LAW

A. Explain radiation fluence rate . . .. particles or photons / cm2 - see

B. The inverse square law for computation of fluence rate at a distance

,,a s,~ n ~ 5= Qs*im A /qsS
hr ~ y g_L ~

R = dutionce 'on cm
tr - 3. M u:,

or, if the fluence is known at one distance and it
it desired to compute it at another

S h = humet staNE n c|$52- Y9, R i
L pn+on e c. R,

f Q' d - flumee aali en dode e|e
Adonce. R' t

STUDY GUIDE PROBLEMS

_ _ _ _ _ _ _ _ _ _ _ _
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1VI'. UNITS OF RADIATION EXPOSURE, DOSE, AND DOSE EQUIVALENT.
6

A. SLIDE OF Roentgen - explain what it is--specifies ionization in air

!
B. ' SLIDE of RAD-explain what i te ls and the problems with mixed fields

C. SLIDE of REM- explain what it is, the QF, and implications

VII. CAMMA AND PHOTON EXPOSURE CALCULATION FROH FLUENCE RATE

A. Referring to . figure 6.1 explain the curve of IS - versus photon energy.

h
STUDY CUIDE PROBLEMS R/ HlE' : --.

Y
VIII. PHOTON SHIELDING

A. Explain by the use of 's diagram the derivation of the exponential cy'

attenuation of a narrow beam of photons for a SINGLE ENERGY. #
3; ::cd>.

B. SLIDE of the mass attenuation curve for lead versus energy.

Energy dependance i

IX. SHIELD THICKNESS IN MASS PER UNIT AREA

A. Explain the concept of mass / ares expression of shield thickness.

3 and "d" the thicknessIf "p" is the density of the shield in gm/cm
in cm, then the shield thicknens in gm/cm2 (,

22 (times 1000 for mg/cm )x=p*d gm/cm

If a piece of material with measured area "A" cm2 is weighed and
found to have a mass of "w" grams, the equivalent shield thickness is |

2x= w/A gm/cm2 (times 1000 for mg/cm )

STUDY GUIDE PROBLEMS

(
:

i

1

!

|

_
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X.' CALCULATING PHOTON ATTENUATION IN A SHIELD OF KNOWN THICKNESS>

,

A. The equation for computing photon _ absorption is
3, = M.v.ee r

svHhod Sb!!N.
/*'Is*. ifa$re.ft s% fr- u. X,

J ' ::= f o G g
.g , stumce. e s er espon ~ oreln

aNA rhed/
$ i8 ? | + u. X ga sher u 4 Ant u , of cm '

o I( m ues|* m cc.t $ ct &u, : mnss

6 = $ o'ff/u! (Na bu
"'

where "u" , the mass attenuation coefficient is
obtained from table 5.1 for the energy and material

em2/g ,used for shielding. Units of u are

B. Explain the buildup factor and the approximation B= 1 + u*x.

C. Explain the photon HVL (half value layer) and explain figure 5.
.

p. Explain 4), use el ik gam.m emite=A l', W 544. 6.1.
STUDY GUIDE PROBLEMS

XI. BETA PARTICLE DOSE TO SKIN AND EYES

A. Beta dosimetry is difficult. Main differences between beta dosimetry
and photon dosimetry are

1. Beta dose is generally not a deep dose, and usually the. skin
and eyes are effected.

2. Air'and other materials significantly absord betas. Must account
for this in dose calculations.

3. Betas have a definite range in materials.

4. One can only approximate the dose rate in a calculation.

2B. Refer to figures 6.11 for ranges, 6.12 for ranges in mg/cm ,
and figure 6.13 for half thickness.

2C. Explain the skin and the dead layer assumed depth of 7.0 mg/cm ,
2Explain the eye and the lens depth of 300 mg/cm ,

'1. Calculate the beta energy needed to penetrate the dead layer
and the lens using figure 6.12.

0 ., w c,.t t 6 8 Ye V , 0. 06 6 M e V27+p /cm =m

Or un 6. t 2. = . 8'O M et 8'm Ee VL
3cmag tm m

i
i

(
STUDY CUIDE PROBLEMS I

l
I
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XII BETA PARTICLE HALF VALUE THICKNESS (LAYER)

A. Using figure 6.13 one may approximate the effectiveness of placing a
shield in's beta field. The beta dose rate resulting from placing a
shield'in a beta field is niv'en by the following equation

~~b93 X Q, s ic3 c. e,fy wt }hed s botf/
'

0 = 00 C Q clog ResQ ss.i$h $$1Itfr$

ge pa,,9 e. of Befa X= sArt&I drhwa mt /c io '-
gg = hnt$ vala. -Iluenuar n-

4tyjar , wj{tn', bruke 6.13

The thickness "x" of the material must be less than the
range of the beta in the material as obtained from figure
6.12.

B. One may ,use the half value thickness directly if the number of
shield half value layers are known.

N~
'/' sho t$d.n h' ""* ki

'

9 = ()9 Lny w y

STUDY GUIDE PROBLEH ;

XIII. BETA DOSE CALCULATIONS FRott A POINT SOURCE OF RADIOACTIVE MATERIAL

A. An approximate skin dose conversion factor is

10 betas / cm2 - see per mrad /hr

B. The equation for computing the beta dose rate from a point source
of radioactive material in

5: & k s i n y rca d.
* 69 3 Xa'r & source ,

S "*+
_ e u,,7cm,-vc g = o. ,w,u. is c.a

bg
_

4gg,

,

f n-t .
6 2

X,,r= |,)rR + 0,00 IZ'I.3 $
'

4 Ro ngt sf bf Ye J [4 \Yaw
WL,.= bm bhie.

6. t 3 , mp /c,,,2-

mrael/ d2 fv g - 3,1410Dg ==

so sua
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: XIV. ALPHA' PARTICLE DOSE TO SKIN AND TISSUE

' A. An' alpha particle of greater than' 7.5' Mev is required to penetrate
2the dead layer of the skin, which is 7 mg/cm ,

'

B. Use plot 6.13 to determine the range of alphas in air.

C. The plot may be used to compute the range in other materials
.( - by ratio of the densities.

31. The density of air is about 0.001293 gm/cm , and that of
3tissue is 1.0 gm/cm . Find the range in air from' figure 6.13

and then use the following equation to estimate the range in
skin.

Rnv6E TesruE % Rtw&E R1(2 # o,0o1293

2. The thickness of' skin on the body varies with area

AREA THICKNESS, mg/cm2_

palms, soles 40
forearms 8
remainder 4
inside of body 0

STUDY GUIDE PROBLEMS

.

,

1
1

I

\

|

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



- - _

.k
-- ' ' - - ' '-- wv.-_ .__..__ ______ ___

"

i ,
.

.

* :< ...

?!

*
g. ,.

-XVI HOMEWORK PRD5LEN-'

A.' Compute the photon exposure rate and the beta absorbed dose rate
|st a distance ~ of 30 cm from a point source of 60Co. If a 1 cm
. thick lead shield is placed over the source what would be the
resulting. exposure and absorbed dose rates-
beta radiation? What would be the unshield*pt 30 cm from gamma andtxposure rate at 30 cm10 years'from now?-

|

- .

|

.
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. RADIATION PHYSICS STUDY GUIDE'
s

* .

-1.0BASIC'HATH 'evalhate- e;
1.0e
1.92'; e

e'-1.92

express in scientific- 1456.23
notation. 1000000.0

0.000001234

5express in. floating 1.567 x 10 _
-point 4.567 x 10-J

3.67000 x 108
3.70 x 1010

|

ACTIVITY convert' 3.0 curips-(C1) to dps :

Convert 2.1 x 105 dps to ci :

'

to mci :

to uCi :

to Bq :
,
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RADIOACTIVE DECAY Initially you have 100 mci of a radioactive
material which has a half life of 5 days.
How much activity would be present

10 days later :

I

|
20 days later :

5

If at the present time you have 5 mci of a j
radioactive material, how much was present 1

2 weeks ago? The radioactive material has l

a half life of 60 days.
|

-

.

RADIATION EMISSION If you hsve 1.5 mci of 149Pm, what would be
INTENSITY the

dps :

betas / sec :

gammas / sec :

i

i

I

|

.i

)
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' i

146Pm what is:the HIf you had 1.5 mci of
1

i

''

dps .: |
*

betas / sec,

. gammas / sec'

t

$'

NOTICE THAT EVEN .THOUGH THE ACTIVITIES ARE EQUAL,
THE RADIATION EMISSION FROM THE 'IWO ARE NOT

f

THORIUM SERIES The table below indicates the melting points and
-boiling points of the daughters of the thorium series.
Describe in detail the radioactive environment one ' I

might expect if e fire occurred and the temperature was.
2200 degrees' centigrade.

ISOTOPE MELTING POINT, oC DOILING POINT. og/

Thorium 1845 4500
Radium 700 1440
Lead
Bismuth.

327 1620
271- 1420-1560

Thallium '302 1457

.

INVERSE SQUARE LAW Compute the photon (gsmma ray) fluence rate from:

5 mci of a radioactive source which emits a photon
80% of the time with an energy of 0.51 MeV at

.

I cm distance:

10 cm distance:

100 cm distance:

I

. _ _ . _ _ _ - _ _ . _ - - - - - - - _ _ _ _ ._ _. _
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Fil0 TON FLUENCE RATE Using the results of the above study guide section
TO. on inverse, square law, compute the roentgen per

ROENTGEN / HOUR (R/HR) hour at the same distances. Express the results
in mil 11 roentgen per hour also. What would be the
total exposure at each distance for an exposure

t.

time of 20 minutes?'

I cm distance: R/hr
mR/hr

Total Exposure: mr

!

10 cm distance: R/hr
mR/hr

Total Exposure: mr

100 cm distance: R/hr
mR/hr

Total Exposure: mr

EXPRESSING SHIELD What is the g / cm2 and mg / cm2 of a 0.118 inch
THICKNESS IN piece of lead sheet, lead has a density of 11.35

3 iHASS / UNIT AREA gm / cm 7

2thickness mg/cm :

2thickness g/ cm
|
f

A sheet of aluminum has dimensions of 3.94 inch by
1.97 inch and is found to weigh 135 grams. What 'is
the thickness in j

2mg / cm ;

g / cm2

|

- _ _ - _ _
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l

1

PHOTON SHIELDING Referring to~the sketch below, if 6.7 mci of
137Cs were placed at the point indicated what

')(B would be exposure rates at A and B and what.would be
the total exposure for an exposure time of 45 minutes |

20cm 8t Points A and B. How serious would you. consider the
exposures at each point? >

i
-

)
_ f i

# At point B exposure rate : ar/hr-

C _ g total exposure : mr

E===== M: locm'( to cm > R jEffect :

LERD
/

1
1

1

i
i

At point A exposure rate : mr/hr
total exposure : mr

Effect : j

)
!

.

I

BETA PARTICLE RANCE Compute the range of beta particles in air and water
from 151 m.P

range in air: cm
1
1

I

L

range in water: em



_ _ _ _ _ _ _ _ _ _ ,
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BETA SHIELDING AND- 'A beta source emits beta particles of maximum energy
HVL - RANCE 0.6 HeV. If the beta particle fluence rate is known

to be 1000 beta / cm2 - see without a shield in
place,.what would be the approximate beta fluence
rate be if 0.1 cm of lucite were placed between you.
and the source? The density.of lucite is about

30.936 gm / cm . What is are the shielded and
unshielded beta absorbed dose rates to the skin or
eyes?

..

betas / cm2 _ ,,e :
unshielded skin / eye dose rate: mrad /hr

shielded skin / eye dose rate: arad/hr

>

i
i

1

l
L

.
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BETA DOSE EVALUATION As described in the study guide problem on photon
shielding, compute the beta skin dose rates at '
locations A and B in the diagram. What would be the
total beta skin dose at each point for a 45 minute'

exposure time? What effects would you expect from
such an exposure?-

at point A skin dose rate: mrad /hr
total dose : mrad
Effect :

at point B skin dose rate: mead /hr
total dose : erad
Effect :

,

4

I
\

ALPHA PARTICLE RANGE Compute for the alpha particles in the
decay scheme in' figure 4 for 232Th only I
the range in air and tissue. Is there any !
region of the body where this isotope would i

be a problem? |
1

,

|

[

I
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-Table 2-10. ~ Thorium series (2.15)

Isotope Symbol. Hal f-li fe Radiation Energya (MeV) - )|
I

korium-232 232Th 1.41x10 0 y 4.01(76),3.95(24) 11 a

y 0.06(24) ,

3,

Radium-228 .228Ra 6.7 y 6 0.05(100) ,

Actinium-228 22eAc 6.13 h 6 2.18(10), 1.85(9), 1.72(7),
1.13(53),0.64(8),0.45(13)

y 1.64(13), 1.59(12), 1.10, 1.04,
0.97 18), 0.91(25), 0.46(3),
0.41 2), 0.34(11), 0.23, |,

0.18 3), 0.13(6), 0.11, 0.10,
0.08

5.42(72),5.34(28)Thorium-228 228Th 1.91 y a

y 0.08(2)
RadiuIn-224 5.68(95),5.45(5) |224Ra 3.64 d a-

e 9 y 0.24(5) |-

6.28(99+) |hRadorE-220M 220Rn 54.5 s a

6.78(100)Polor'[ium-216 21sPo 0.158 s a

LeadI212 2:2Pb 10.64 h 6 0.58(14),'0.34(80), 0.16(6)

y 0.30(5), 0.24(82), 0.18(1),
0.12(2)

6.09(10),6.04(25)281smuth-212 2:281 60.5 min. a
'

6 2.25(56), 1.52(4), 0.74(1),
0- 0.63(2)4 0.04(1),witha2.20(2),1.81(1),

i y
l 1.61( 3) , 1. 34(2) , 1.04(2 ) ,

0.83(8), 0.73(10), with 6p
Polonium-212 212Po 0.30x10-6b 8.78(100)

'

s a

QThallium-208 200T1 3.1 min. 6 2.37(2), 1.79(47), 1.52, 1.25c

y 2.62(100),0.86(14),0.76(2),
0.58(83),0.51(25),0.28(9),
0,25(2)

q
Lead-208 p 20ePb Stable

' Numbers in parentheses indicate percent abundance,
bDivide given percentage yields by 1.5 to obtain yield in tenns of thorium-232.
Divide given percentage yicids by 3 to obtain yield in tenns of thorium-232.C
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Table 5.1. Hass Attenuation Coefficients 4

, , , ' "* a se 3 C N O Ils Ms At 81 F s
.

het
10 0.385 0.593 1.16 2.28 3.73 5.78 15.5 20.0 26.3 34.2 40.8 51.8
IS .376 .300 0.463 0.787 1.18 1.74 4.58 6.23 7.93 10.3 12.4 15.6
20 .369 .227 .295 429 0.596 0.826 2.05 2.72 3.41 4.39 5.31 6.66
30 .357 .181 .206 .251 .304 .372 0.705 0.918 1.12 1.41 1.66 2.51

40 .346 .165 .380 .206 .229 .237 .395 485 0.567 0.696 0.797 8 .948
50 .335 .156 .167 .387 .198 .213 .281 .329 .369 437 489 .579
60 .326 .150 .159 .176 .182 .191 .228 .238 .200 .322 .350 4M
80 .309 .140 .147 .161 .164 .168 .181 .196 .203 .224 .234 .239

100 .294 .133 .139 - .152 .333 .356 .159 .I69 .171 .384 .187 .!Of
150 .265 .319 .124 .135 .135 .136 .334 .140 .138 .145 .444 .Ill
200 .243 .109 .114 .323 .l23 .324 .120 .!!! .122 .328 .125 . 4 18
300 211 .0945 .0904 .307 .307 .107 .103 .106 .304 .108 .106 .let
400 .189 .0847 .0003 0957 .0954 .0957. .0918 .0949 .0927 .0962 .0936 .0149
500 .173 .0773 .0006 .0872 .0871 .0873 .0834 .0864 .0844 .0875 .0850 .0878
600 .160 .0715 .0745 .0007 .0005 .0000 .0774 .0797 .0780 .0006 .0784 .0110
000 .140 .0629 .0655 .0709 .0708 .0708 .0618 .0701 .0644 .0707 .0688 .8709 '
MeV

l.0 .!!6 0565 .0589 .0637 .0636 .0637 .0609 .0628 .0613 .0635 .0617 . TIN
1.5 .503 .0460 .0479 .0519 .0518 .0518 .0497 .0512 .0500 .0518 .0503 .0118
2.0 0875 .0394 .0411 .0445 .0445 .0446 0428 .0442 .0432 .0448
3.0 .0691 .0314 ,0328 .0357 .0358 .0360 .0349 .0368 .0354 .0368 ~

.0436 .0469

.0359 .93fl

4 .0581 .0266 .0280 .0305 .0307 .0310 .0304 .0386 .0311 .0324 .0387 .9 329
5 .0505 .0235 .0248 .0271 .0274 .0278 .0276 .0287 .0284 .0297 .0292 .93M -
4 .0450 .0212 .0225 .0247 * .0258 .0255 .0256 .0268 .0266 .0279 .0275 .f ff f
8 .0373 .0182 0195 .0216 . trit t 0226 .0232 .0244 .0244 .0257 .0255 .8200

to .0325 .0163 .0175 .0196 .0202 .0209 .0218 .0231 .0231 .0246 .0245 .0 711
15 .0254 .0136 .0149 .0170 .0178 .0186 .0202 .0286 .0219 .0234 .0236 .tlll
20 .0215 .0122 .0137 .0158 .0167 .0177 .0196 .0212 .0216 .0233 .0235 .0718
30 .0174 .0110 .0125 .0147, .0158 .0170 .0196 .0213 .0219 .0238 .0242 .8281

40 .0154 .0104 .0121 .0144 .0156 .0169 .0199 .0217 .0224 .0245 .0250 .0 fit
50 .0148 .0102 .0119 .0142 .0156 .0170 .0202 .0222 .0230 .0252 .0!$7 . tift
60 .0133 .0100 .0118 .0143 .0157 .0172 .0206 .0227 .0235 .0257 .0264 .6286
80 .0124 .00991 .0118 .0144 .0160 .0175 .0213 .0235 .0244 .0267 .0274 .82f6

800 .0119 00992. .0119 .0146 .0163 .0179 .0218 0241 .0251 .0275 .0283 .930f
ISO .0113 .0100 .0122 .0150 .0168 .0186 0228 .0253 .0263 .0289 .0198 .8 114
200 .0812 .0802 .0124 .0153 .0172 .0191 .0235 .0260 ,0271 .0299 .0307 .91H
300 .0181 .0104 .0128 0159 .0178 .0198 .0244 .0270 .0282 .0310 .0319 .03'A

400 .0182 .0106 .0130 .0162 .0182 .0202 .0249 .0276 .0288 .0317 .0327 .0116
500 .0113 .0108 .0132 .0164 .0185 .0205 .0252 .0280 0292 .0322 .0332 .0381
600 .0813 .0109 .0134 .0166 .0187 .0207 .0255 .0283 .0295 .0325 .0335 .01H
$00 .0115 .0!!! .0136 .0169 .0190 .0210 .0259 .0287 .0300 .0330 .0340 .934
ceV

I .0116 .0112 .0137 .0171 .0192 0212 .0268 .0290 .0302 .0333 .0344 .9 174
1.5 .0177 .0114 .0140 .0173 .0195 .0216 .0265 .0293 .0307 .0338 .0368 .tif t
! .0118 .0115 0141 .0175 .0196 .0218 .0267 .0296 .0309 .0341 0358 .0NI
3 .0120 .0116 .0143 .0177 .0199 .0220 .0269 .0.P0 .0312 .0344 .0354 .0 N 4

4 .0120 .Dil? .0144 .0878 .0200 .0221 .0210 .0300 .0313 .0345 .0356 . 0 311
5 .0fft .0118 .0144 .0879 .0200 .0!!! .0271 .0301 .0314 .0346 .0357 .9319
6 .0121 .0118 .0145 .0179 .0201 .0222 .0272 .0302 .0315 .0347 .0350 .0310
8 .6122 .0119 .0145 .0100 .0202 .0223 .0271 .0302 .0386 .0348 .0359 .OMI

10 .0122 .0119 .0846 .0180 .0202 0223 .0273 .0303 .0386 .0348 .0359 .9111
15 .0122 .0119 .0146 .0181 .0203 .0224 .0274 .0303 .0317 .0349 .0360 .0 H1.

to .0123 .0120 .0147 .0188 .0203 .0224 .0274 .0304 .0317 .0350 .0361 .tHI
30 0123 .0120 .0147 .0182 .0203 .0225 .0274 .0304 .0318 .0350 .0361 .6313

40 0823 .0120 .0147 .0182 .0203 .0225 .0275 .0305 .0388 .0351 .0361 .9H8
50 .0123 .0120 .0142 .0802 .0204 .0225 .0275 .0305 .0318 .0358 .0362 .9H6
to 0123 .0120 .0147 .0182 .0204 .0225 .0275 .0305 .0318 .0351 .0362 .OHG
80 0!!3 .0120 .0142 .0802 .0204 .0225 .0275 .0305 .0318 .0358 .0342 .titt

|
100 .0123 0120 .0147 .0182 .0204 .0225 .0275 .0305 .0319 .0351 .0362 .0H4

* Coef fielente are '* fetal with Coherent." Dalt le em'/s .
Sources [MimCnu Sectiggs. Attenuation coef fielente. and Enerav Abscretion Coef f tetents free 10 nov to 100 Ce9

(M8kDS 588 29),1969.
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Table 5.le. Mass A'ttenuation reefficients (Continued)

~

M" n' a ce re . c. n. Sa . 2 .w . r6 O s0:e

,
Snergy

>

beV - . .

00.9 96.5 - 173. ~224 86.2 141. . '161. 95.5 133.f 170. 5.10.

.

15 19.9 . 25.0 30.1 56.4 74.2 28.2 47.0 55.2' 142. , Ill. , 63.9, 1.58>10 ' 64.5

20- 8.53 ' 10.0 13.0 25.5 33.5 88.78 21.3, 26.0 67.0 - 05.7 71.0 0.775

30 2.62 ' 3.30 -3.99 0.13 10.9 28.0 48.3 0.67 23.0 29.7' ' 41.0, .370
e

40 1.20 1.49 1.78 3.62 4.09 13.3 19.4 22.7 10.7 14.0 19.7 .267:

50 0.687 0.043 ' O.998 1.94 - 2.62 7.20 10.7 12.6 5.91 7,01 11.1 .227

.5 60 .648 - 1.20 1.62 4.41 6.53 ' 7.78 3.65 4.87 6.96 .206.

.275 .324 .365 0.595 0.772 2.02 3.02 3.65 7.89 2. 3 3, . 3.35 ..l84
.' . 4 60 -

60 -
' 00

,|

| 100 204 .233 256 370 448 1.11 1.68 2.00 4.43 5.40 1.98, .itt

'150 .l43 '.150 .368 . .196 .223 0.420 0.614' 0.714 1.57 1.97 2.56 .151

200. .121 .132 .130 .146 .157 .245 .320 .372 0.777 - .0.991 1.28 '.137

300 .0998 .108 .112 .410 .ll! .139 . 164 . 178 ' .320 ' -.404 0.509 .119 '

400 .0078 0949 .0979 .0940 .0941 .105 .116 .122 .190 ' 238 .306 .106

500 .0 f 95 ' .0059 .0005 0840, 0036 '.0003 0946 .0976 - .136 .l61 . 193 0960

600 .0733 .0792 0014 0769 .0762 .0788 .0816 0035 ' .300 .325 .546 .0096

000 ' .0641 .0692 .0712 .0669 . 0660 .0661 .0649 .0676 0799 0005 .0997 0786

l.0 ,.0576 .0621 .0639 .0599 .0589 .0583 .0574 .0583 .0654 .0708 .0776 0707.-feeV

1. 5 . .0470 .0506 .0520 .0488 .0400 0470 .0463 .0464 . .0497 .0517 , .0548 0575

2.0 .0407 .0439 .0453 .0425 . 0420 .0415 .0410 .0418 .0437 ,0455 ' .0475 0494 -

' 3,0 0338 .0366 0370 .0362 .0360 .0366 .0367 .0370 . Mot .0418 .0438 0397':

4 .0302 .0326 0340 0338 .0332 .0349 0315 .0359 0400 0416 0435 .0340

5 0200 .0306 .0317 .0314 .0318 0344 .0354 = 0359 .0407 0424 .0445 0303

6 .0267 .0291 .0303 .0305 .0310 .0343 0357 .0364 0416 . .M35 .0455 - .0277 -

8 .0251 .0276 0289 .0290 .0306 .0350 .0369 0370 .0439 .M59 .0480 .0243

10 .0244 0270 .0203 .0298 - 0300 0362 0385 0395 .0464 0484 .0506 .0222

' 15 0244 . 0268 0203 .0301 .0323 .0393 .0425 .0430 .0524 .0540 .0573 .0194

. . .
- 20 .0244 .0273 '.0209 0321 .0339 .04F0 .0461' .0476 .0577 .0606 - .0636 .0181 .

30 .0155 .0286 0305 .0345 .0360 .M 70 .0517 0536 0659 .0696 0733 .0171
.

:

40- .0266 .0299 .0319 .0365 .0391 .0505 .0557 .0578 .0716 ,0757 0799 0167

50 ;.0275 0310 0338. .0382 .0410 0532 .0588 .0611 .0760' .0004 .0650 0167

60 .0284 .0389 0342 .0395 .0425 0553 0613 - 0637 .0794 0041 .0089 .0167

80 .0296 .0334 .0350 0416 0448 .0506 0651 0676 0845 0896 '.0948 0170

100 .0306 0345 .0370 0432 0465 0609 .0677 0704 .0881 0936 .0984 .0172

150 .0325 .0368 .0394 .0458 0494 .0648 .0721 .0750 0939 .C996 .306 .0178

200 . .0334 .0377 .0405 04T5 .0518 .0672 .0748 .0778 0976 .303 .llo .0102

300 0348 0393 .0422 0494 .0532 .0700 .0700 0811 .502 .100 .315 .0100

400 .0336 .0402 .0432 .0506 .0544 .0716 '.0798 .0830 .304 .111 .l17 .0192

500 .0364 .0408 0438 .0514 .0352 0727 .0810 0842 .306 .812 119 0191

600 0365 0412 .0443 .0519 .0558 .0735 .0819 0851 .107 .313 .128 .0197

000 .0373 0419 0450 0527 .0566 .0745 .0831 .0864 .100 .115 .122 .0200

l .0375 0423 .0455 .0532 .0572 .0753 .0030 .0971 .l09 .116 .it) 0202CeV

1.5 0300 .0429 .0461 .0539 .05f9 .0762 0849 .0884 .Ill .118 .l25 0205

2 .0362 .0432 .0464 0543 .0583 0767 .0856 .0890 .Ill .llt .l26 .0206

3 0386 .0436 0468 0548 .0530 .0713 .0462 .0096 .ll! .119 .127 0200<

4 .0387 .M 30 .0470 .0550 059') .07'77 .0865 0900 .15) .120 .321 0210

5 .0389 0439 .0472 .0551 0591 .0779 .0867 0902 .333 ,120 .lle 021

6 0389 0440 .0473 .0552 .0593 .0780 .0860 0904 .183 .l20 .I28 0211

8 0398 0448 .0474 0554 .0594 .0781 .0870 0905 .!!3 .120 .128 0211

to .0394 0442 0475 .0555 .0595 0783 .0811 0906 .314 .lti .lte .0212 I

15 ,0392 0443 0476 .0556 .0596 .0705 .0873 .0908 .lle .121 .lft 0213

20 .0393 0443 0477 .0556 .0596 .0785 .0814 0910 .314 .32) ,129 0213

30 .0393 0444 .0477 0557 .0598 0786 .0075 0911 .114 .121 .l29 0213 |

40 .0393 0445 .0477 0557 .0598 .0706 .0076 .0911 .lle .121 .329 .0213

50 .0393 0445 0478 .0558 0590 0786 087F 0918 .314 .Ill .129 0233

60 .0394 .0445 .0478 0558 ' 0596 .0 F8 7 .0877 0912 .314 .l21 .l29 0214

80 .0394 .0445 .0470 .0558 .0598 0700 00F7 .0912 .lle .121 .329 0214

100 .0394 .M45 .0478 0555 .0598 .0788 08F7 .0912 .114 .321 .129 0214 ;
_

5 W 10.thev 90.2. 235 1 Bl.5 kev
* st edge . + L edge.. tig 20 kev 12.6. 0 8.73 gn 29.2beV 7.54, 44.3 3 133.2 kev 6.62. 34.4170. 235 1 12.86eV 206. 248 1 49.56eV 2.49.11.38 Ek 13.0beV 67.3,166,8 15.thev 112. 146 1 15.9teV 130. 157 3' '

88.0beV 1.03. 7.455 g if.2 kev 45.8.106 8 20.96eV 62.7. 80.08 21.8ket 79.8. 91.8 8 Il6ke V 1.34. 4.86.
l
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Table 5.1. Hass Attenuation Coefficients (Continued)
*

II" Sake. FyrenCon. 0.8N Fely.theten Met ' Air 0'** * * * *
Stos8ner8y erett Wa80 st yrene lite Oless

her
"'*

lo 19.0 ' 139. 4.99 26.9 5.76 20.3 5.27 2.13 3.25 2.01 2.76 17.1

15 5.73 47.4 1.55 8.24 1.76 6.32 1.63 0.755 1.06 0.728 0.923 5.14

20 2.49 22.3 0.757 3.59 0.849 2.73 0.793 424 0.551 420 492 2.25

30 9.859 7.45 .349 1.19 .391 0.962 .373 .259 .298 .266 .217 0.786

40 463 19.3 248 0.605 236 .512 .268 217 .234 .226 .223 431

50 .318 10.7 .208 392 .231 .349 .227 .199 .308 .209 .200 .302

60 .252 6.62 .388 .295 .208 .274 .205 .188 .193 .198 .387 .242

to .194 3.12 .167 .213 .185 .209 .383 .173 .t16 .183 .171 .190

100 .169 1.72 .154 .379 .lft .180 .l10 .l63 .164 .172 .161 .166

150 .160 0.625 .136 .844 .150 .549 .149 .145 .146 .354 .143 .139

200 .826 .334 .123 .127 .137 .133 .136 .532 .133 .f40 .330 .t25
303 .808 .167 .107 .108 . 118 .114 .118 .115 .115 .122 .113 .107

400 .0959 .117 .0954 .0963 .106 .102 .105 .103 .103 .109 .101 .0954

500 .0874 .0955 .0870 .0877 .0965 .0927 .0960 .0938 0941 .0995 .0921 .0870

600 .0808 .0826 .0005 .0810 .0893 .0857 .0808 .0868 .0871 .0921 .0852 .0804

000 .0707 .0676 .0107 .0709 .0783 .0752 .0779 .0763 .0765 .0009 .0749 .0704

MeV
1.0 .0636 .0786 0636 .0631 .0704 .0676 .0100 .0685 .0687 .0727 .0673 .0633

1.5 .0518 .0469 0518 .0519 .0573 0550 .0570 .0558 .0559 .0592 .0548 .0516

2.0 .04?? 0413 .S445 .0448 0492 .0473 0489 0478 .0480 ' .0$07 .0410 .0444

3.0 .0363 .0366 .0350 .0365 .0396 0383 .0393' .0383 .0385 .0405 .0377 .0361

4 .0317 .0358 .0308 0319 .0340 .0251 .0337 0327 .0329 .0345 .0322 ' .0314

5 .0287 .0346 .0275 .0290 %C303 .0297 .0300 .0290 .0292 .0305 0286 .0282

6 .0266 .0347 0252 .0270 .0277 .0274 .0274 0263 .0266 .0277 .0260 .0263
6

8 .0241 .0355 .0223 .0245 .0243 .0244 .0240 .0228 .0232 .0239 .0227 .6237

10 .0226 .0368 .0204 .0231 .0222 .0226 .0!!9 .0206 .0211 .0215 .0206 .0222

15 .0209 ,0402 .0181 .0215 .0194 .0204 .9192 .0176 .0182 .0182 .0178 .0204

20 .0203 .04D .0870 .0!?0 .0182 .0194 .0179 .0862 .0168 .0166 .0164 .0198

30 .0202 .0484 .0162 .0210 0172 .0189 .0168 .0149 .0157 .0151 .0153 .0195

40 0204 .0520 .0161 .0!!3 .0169 0889 0165 .0144 .0853 .0145 0148 .0198

50 .0208 .0548 .0161 0218 .0868 .0190 .0164 .0142 .0151 .0142 .0147 .0201

60 .0212 .0571 .0162 .0222 .0169 .0t93 .0165 .0842 .0151 0141 .0847 .0204

80 .0218 .0605 .0165 .0!!9 .0171 .0197 .0167 .0142 .0152 .0141 .0148 .0210

100 .0224 .0629 .0168 0235 .0114 .0201 .0170 .0144 .0154 .0142 .0150 .0215

150 .0234 .0670 .0174 .0247 .0100 .0210 .0175 .0147 .0159 .0145 .0154 .0225

200 .0241 0695 0879 .0254 .0184 .0215 .0179 .0150 .0162 .0147 .0157 .0232

300 .0250 .0724 .0185 .0264 .0190 .0223 .0185 .0155 .0167 .0152 .0162 .0240
.

400 .0256 .0741 .0189 .0269 .0194 .0228 .0889 .0158 .0171 0155 .0166 .0243

500 .0260 .0752 .0192 .0273 .0197 .0231 0197 0160 .0173 .0157 0168 .0249

600 .0262 .0760 0194 .0276 .0199 .0233 .0194 .0862 .0875 .0159 0110 .0252

800 .0266 .0711 0197 .0281 .0202 .0237 .0197 .0165 .0178 .0161 .0173 .0256

DeV
1 0269 .0778 .0199 .0283 .0204 0239 .0199 .0166 .0100 .0163 .0174 .0258

1.5 .0273 .0789 .0202 .0287 .0207 .0743 .0202 .0169 .0182 .0165 .0177 .0262

2 .0275 .0794 .0204 .0290 .0209 .0245 .0203 .0171 .0184 .0167 0179 .0264

3 0278 .0800 .0206 .0292 .0211 .0247 .0205 .0173 .0186 .0169 .0181 0267

4 .0279 .0803 0207 .0294 0212 .0249 .0206 .0174 0187 .0170 .0182 .0268

5 .0280 0005 .0208 .0295 02t3 .0249 .0207 .0174 .0188 .0170 0883 .0269

6 .0201 .0807 .0208 .0295 .0213 .0250 .0208 .0175 .0188 .0171 .0183 .0269

8 .0281 .0808 .0209 .0296 .0214 .0251 .0208 .0175 .0189 .0172 .0184 .0270

to .0282 .0009 .0209 .0297 .0214 .~0251 .0209 .0176 .0189 0172 .0184 .0271

15 .0283 . cell .0210 .0298 .0215 .0252 .0209 .0176 .0190 .0173 .0181 .0271

20 0283 .0812 .0210 .0298 .0215 .0252 .0210 .0177 .0190 .0173 .0185 .0272

30 .0283 .0813 .0211 0298 .0216 .0253 .0210 .0177 .0191 .0173 .0185 0272 j
1

40 .0284 .0813 .0218 0299 .0216 .0253 .0210 0877 .0198 0173 .0186 .0272 |

50 .0284 .0814 .0281 .0299 .0286 .0253 .0210 .0177 .0198 .0173 .0186 .0272 i

60 .0294 .0814 .0211 .0299 .0216 .0253 .0210 .0877 .0198 .0874 .0186 .0273 |

80 .0284 .0815 .0211 0299 0216 .0253 .0210 .0178 .0191 .0174 .0186 .0273 |
1

100 .0284 0815 .0211 .0299 .0!!6 .0253 .0211 .0178 .0191 .0176 .0186 .0273
'

R ed e of todine-.33.that 5.69. 30.9.* 8
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Table 6.1. Camma Radiation Levels for One Gesee

of Some Radionuclides ** ], ,

Nuclide. _r Nuclide r ~Nuclide P

,

Actinium-227 '- 2.2 Gold-198- 2.3 Potassium-43 5.6

Antimony-122 2.4 Gold-199 '- 0.9. Radium-226 8.25
l

Antimony-124f 9.8 Hafnium-D5 - 2.1. Radium-228 - 5.1 '

,

. Antimony-125' - 2. 7 Hafnium-181 - 3.1 Rhenium-186 - 0. 2

Arsenic-72- 10.1 Indium-114m - 0. 2 , Rubidium-86' O.5

. Arsenic-74. .4.4 Iodine-124 7.2 Ruthenium-106 1.7

Arsenic-76' 2.4 Iodine-125 - 0.7. Scandium-46 10.9

82rium-131 - 3.0 Iodine-126 2.5 Scandium-47 0.56
,

' Barium-133 - 2.4. Iodine-130 12.2 Selenium-75 2.0,

Barium-140 12.4 Iodine-131 2.2 Silver-110s 14.3

Bary111um-7 ~ 0. 3 Iodinc.-132 11.8 Silver-111 - 0. 2

Bromine-82' 14.6' Iridium-192 4.8- Sodium-22 12.0

Cadmium-115m ~.0.2 Iridum-194 1.5 Sodium-24- 18.4

Calcium-47 5.7 Iron-59 6.4 Strontium-85 3.0

Carbon-11*** 5.9- Krypton-85 - 0.04 Tantalum-182 6.8

Carium-141 0.35 Lanthanum-140 11 Tellurium-121***3.3:

Carium-144- - 0.4 Lutecium-177 W Tellurium-132 2.2

Casium-134 8.7 Magnesium-28 15.. Thulium-170 0.025

Cssium-137 3.3 Hanganese-52 18.6 Tin-113 - 1. 7

Chlorine-38' 8.8 . Manganese-54 4.7 Tungsten-185 - 0.5
Chromium-51 0.16 Manganese-56 8.3 Tungsten-187 3.0

cabalt-56 17.6 Mercury-197 - 0.4 Uranium-234 - 0.1

Ccbalt-57 0.9 Mercury-203 1.3 Vanadium-48 15.6

Ccbalt-58 5.5 Molybdenum-99 1.8 Xenon-133 0.1

Cobalt-60 13.2 Neodymium-147 0.8 Ytterbium-175 0.4

, Copper-64 1.2 Nickel-65 - 3.1 Yttrium-88 14.1

Europium-152 5.8 Niobium-95- 4.2 Yttrium-91 0.01

Europium-154 6.2 Osmium-191 - 0.6 Zine-65 2.7

Europium-155 0.3 Palladium-109 0.03 Zirconium-95 4.1
,

1

R/H R -
fW M (L'

)
3 - '"e (Dubre,em)tp=
Ha - mCt

.

131
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Figure 6.13 Range vs. energy for alpha particles in air (STP) |
(From Radiological Health Handbook, 1970)
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VALUES AND LOGARITHMS OF EXPONENTIAL FUNCTIONS
,

~

Note: If 0 < x < .01 the value for e~' can be found by the use of
. (1-x) or the value for e" can be found by the use of (1 + x).

{
j. .

i

z ex e-s z .ex e~" |

Value Logi. Value Value Logi - Value

0,00 1.0000 .00000 1.00000 0.50 1.6487 .21715 .60653
0.01 1.0101 .00434 .99005 0.51 1.6653 22149 .60050
0.02 1.0202 .00869 .98020 0.52 1.6820 .22583 59452
0.03 1.0305 .01303 .97045 0.53 1.6989 .23018 58860
0.04 1.0408 .01737 .96079. 0.54 1.7160 .23452 .58275

0.05 1.0513 .02171 .95123 0.55 1.7333 23886 .57695 i0.06 1.0618 .02606 .94176 0.56 1.7507 .24320 .57121
|0.07 1.0725 .03040 .93239 0.57 1.7683 .24755 .56553
10.08 .1.0833 .03474 .92312 0.58 1.7860 25189 .55990 l0.09 1.0942 .03909 .91393 0.59 1.8040 .25623 .55433 1
1

0.10 1.1052 .04343 .90484 0.60 1.8221 .26058 .54881
0.11 1.1163 04777 .89583 0.61 1.8404 .26492 .54335
0.12 1.1275 .05212 .88692 0.62 1.8589 .26926 .53794
0.13 1.1388 .05646 .87809 0.63 1.8776 .27361 .532590.14 1.1503 .06080 .86936 0.64 1.8965 .27795 .52729 ]
0.15 1.1618 .06514 86071 0.65 1.9155 .28229 .522050.16 1.1735 .06949 .85214 0.66 1.9348 .28664 .516850.17 1.1853 .07383 .84366 0.67 1.9542 .29098 511710.18 1.1972 .07817 .83527 0.68 1.9739 .29532 506620.19 1.2092 .08252 .82696 0.69 1.9937 .29966 .50158 ;

.

0.20 1.2214 .08686 ~ .81873 0.70 2.0138 30401 .49659
0.21 1.2337 09120 .81058 0.71 2.0340 30835 .49164 .

-

0.22 1.2461 .09554 .80252 0.72 2.0544 .31269 48675 L ;
0.23 1.2586 .09989 .79453 0.73 2.0751 .31703- .48191 8

'

O.24 1.2712 .10423 .78663 0.74 2.0959 32138 .47711

0.25 1.2840 .10857 .77880 0.75 2.1170 .32572 .47237 ;0.26 1.2969 11292 .77105 0.76 2.1383 .33006 .467670.27 1.3100 .11726 .76338 0.77 2.1598 .33441 463010.28 1.3231 .12160 .75578 0.78 2.1815 .33875 458110.29 1.3364 .12595 .74826 0.79 2.2034 .34309 .45384

0.30 1.3499 .13029 .74082 0.80 2.2255 .34744 .44933 -

0.31 1.3634 .13463 .73345 0.81 2.2479 .35178 .444860.32 1.3771 .13897 .72615 0.82 2.2705 .35612 440430.33 1.3910 .14332 .71892 0.83 2.2933 .36046 .43605.

0.34 1.4049 .14766 .71177 0.84 2.3164 .36481 .43171

0.35 1.4191 .15200 .70469 0.85 2.3396 .36915 .427410.36 1.4333 .15635 .69768 0.86 2.3632 .37349 .423160.37 1.4477 .16069 .69073 0.87 2.3869 .37784 .418950.38 1.4623 .16503 .68386 0.88 2.4109 .38218 .414780.39 1.4770 .16937 .67706 0.89 2.4351 .38652 .41066.

0.40 1.4918 .17372 .67032 0.90 2.4596 .39087 .406570.41 1.5068 .17806 .66365 0.91 2.4843 .39521 .402520.42 1.5220 .18240 .65705 0.92 2.5093 .39955 .398520.43 1.5373 .18675 .65051 0.93 2.5345 .40389 .39455
,

'

O.44 1.5527 .19109 .64404 0.94 2.5600 .40824 .39063
*

0.45 1.5683 .19543 .63763 0.95 2.5857 41258 .386740.46 1.6841 .19978 .63128 0.96 2.6117 .41692 .38289 -

0.47 1.6000 .204f2 .62500 0.97 2.6379 .42127 .37908 )0,48 1.6161 .20846 .61878 0.98 2.6645 .42561 .375310.49 1.6323 .21280 .61263 0.99 2.6912 .42995 .37158
0.50 1.6487 .21715 .60653 1.00 2.7183 43429 .36788 i

41
. . . . . . . .
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Value Logi. Value Value Imgi. Value% e

1 .00 2.7183 43429 .36788 1.60 4.4817 .65144 22313

1 .01 2.7456 43864 ' 36422 1.51 4.5267 .65578 22091, ,

!

1 .02 2.7732 44298 .36060 1.52 4.5722 .66013 .21871

35701 1.53 4.6182 66447 .21654.

45167 35345 1.54 4.6646 66881 .21438 [

! .447321 .03 2.8011
1 .04 2.8292'

1 .05 2.8577 45601 .34994 1.55 4.7115 .67316 .21225

1 .06 2.8864 46035 34646 1,56 4.7588 67750 .21014 ;

1 .07 2.9154 '.46470 .34301 1.57 4.8066 68184 20805

1.08 2.9447 46904 .33900 f.58 4.8550 68019 .20598 |

1.09 2.9743 47338 .33622 -1.59 4.9037 69053 .20393 j

{

1.10 3.0042 47772 .33287 1.60 4.9530 69487 20190 '

1.11 3.0344 .48207 .32956 1.61 5.0028 69921 19989

1.12 3.0649 48041 .32628 1,62 5.0531 70356 19790

1.13 3.0957 .49075 .32303 1.63 5.1039 70790 19593

1.14 3.1268 49510 .31982 1.64 5.1652 71224 19398 ,

I

1.15 3.1582 49944 .31664 f.65 5.2070 71659 .19205 (

1.16 .3.1899 .50378 .31349 f.66 5.2593 .72093 .19014 j
t

1.17 3.2220 .50812 .31037 1,67 5.3122 .72527 .18825

1.18 3.2544 .51247 .30728 .l.68 5.3656 .72961 .18637 j

1.19 3.2871 .51681 30422 1,69 5.4195 .73396 .18452 j

|
1.20 3.3201 52115 30119 1.70 5.4739 .73830 18268

1.21 3.3535 '.52550 29020 1.71 5.5290 .74264 .18087

1.22 3.3872 52984 .29523 1.72 5.5845 .74699 ,17907

1.23 3.4212 53418 .29229 1.73 5.6407 .75133 .17728

1.24 3.4556 53853 .28938 1,74 5.6973 .75567 .17552
I

1.25 3.4903 .54287 .28650 1.75 5.7546 76002 .17377 l

l.26 3.5254 54721 28365 1.76 5.8124 .76436 17204

1.27 3.5609 55155 28083 1.77 6.8709 .76870 .17033

1.28 3.5966 .55590 27804 1.78 5.9299 .77304 .16864

1,29 3.6328 56024 27527 1.79 5.9895 .77739 .16696

1.30 3.6693 56458 27253 1.80 6.0496 .78173 .16530

1.31 3.7062 56893 26982 1.81 6.1104 78607 .16365

1.32 3.7434 57327 26714 1.82 6.1719 .79042 .16203

1.33 3.7810 57761 26448 1.83 6.2339 .79476 .16041

1.34 3.8190 58195 26185 1.84 6.2965 .79910 .15882

1.35 3.8574 .58630 .25924 f.85 6.3598 80344 15724

1.36 3.8962 .59064 .25666 1.86 6.4237 80779 15567

1.37 3.9354 .69498 25411 1.87 6.4883 .81213 15412

1.38 3.9749 .59933 .25158 1.88 6.5535 81647 15259

1.39 4.0149 .60367 .24908 1.89 6.6194 82082 15107

1.40 4.0552 .60801 .24660 1.90 6.6859 82516 .14957

1.41 4.0960 61236 .24414 1.91 6.7531 .82950 14808

1.42 4.1371 .61670 24171 1.92 6.8210 .83385 14661 j
3

1.43 4.1787 62104 23931 1.93 6.8895 .83819 .' 4515

1.44 4.2207 62538 .23693 1.94 6.9588 .84253 4370

|

1.45 4.2631 .62973 .23457 1.95 7.0287 .84687 .14227

1.46 4.3060 63407 .23224 1.96 7.0993 .85122 .14086

1.47 4.3492 63841 22993 1.97 7.1707 85556 .13946

1.48 4.3929 64276 22764 1.98 7.2427 85990 .13807

1.49 4.4371- 64710 .22537 1.99 7.3155 86425 13670

1,50 4.4817 65144 .22313 2.00 7.3891 .86859 13534

42q
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-x es e~s 2 **' ***
Value Legi. Value Value - Imgi. -Value

2.00 '7.3891 .86859 .13534 2.50
'

12.182 1.08574 .08208-2.01 -7.4633 .87293 .13399 - 2.51 12.305 1.09008- .081272.02 7.5383 : :.87727 .13266 2.52 12.429 1'09442 .080462.03 7.6141 .88162 113134 2.53 12.554 1.09877 .07966
.

2.04 7.6906. .88596 .13003 2.54 12.680 1.10311 .07887 1

2.05 7.7679 .89030- .12873 2.55 12.807 1.10745 .078082.06. .7.8460 .89465 .12745 2.56 12.936 1.11179 .07730 12.07- 7.9248 .89899 .12619 2.57 13.066 1.11614 .076542,08 8.0045 .90333 .12493 2.58 13.197 1.12048 .07577
i

2.09. 8.0849 .90768 .12369 2.59 13.330 1.12482 .07502
1

2.10 8.1662 .91202 .12246 2.60 13.464 1.12917 .074272.11 8.2482 .91636 .12124 2.61 13.599 1.13351 .073532.12 8.3311 .92070 .12003 2.62 13.736 1.13785 .07280 12.13 8.4149 .92505 .11884 2.63 13.874 1.14219 . 07208 '

2.14 8.4994 .92939 .11765 2.64 14.013 1.14654 .07136-
|2.15 8.5849 .93373 .11648 2.65 14.154- 1.15088 .07065 |2.16 8.6711 .93808 .11533 2.66 14.296 1.15522 .06995 !2.17 8.7583 .94242 .11418 2.67 14.440 1.15957 .06925: J2.18 8.8463 .94676 .11304 2.68 14.585 1.16391 .06856 q2.19 8.9352 .95110 .11192 2.69 14.732 1.16825 .06788 j2.20 9.0250 .95545 .11080 2.70 14.880 1.17260 .967212.21 9.1157 .95979 .10970 2.71 15.029 1.17694 .066542.22 9.2073 .96413 .10861 2.72 15.180 ~1.18128 .065872.23 9.2999 .96848 .10753 2.73 15.333 1.18562 .065222.24 9.3933 .97282 .10646 ,2.74 15.487 1.18997 .06457

2.25 9.4877 97716 .10540 -2.75 15.643 '1.19431 .06393 !2.26 9.5831 .98151 .10435 2.76 15.800 1.19865 .06329
|2.27- 9.6794 .98585 .10331 2.77 15.959 1.20300- .062662.28 9.7767 99019 .10228 2.78 16.119 1.20734 .06204 42.29 9.8749 .99453 .10127 2.79 16.281 1.21168 .06142 l*

2.30 9.9742 .99888 .10026 2.80 16.445 1.21602 .06081 "}2.31 10.074 1.00322 .09926 2.81 16.610 1.22037 .060202.32 10.176 1.00756 .09827 2.82 16.777 1.22471 .059612.33 10.278 1.01191 .09730 2.83 16.945 1.22905 .05901 q
,

2.34 10.381 1.01625 .09633 2.84 17.116 1.23340 .05843 |
2.35 10.486 1.02059 .09537 2.85 17.288 1.23774 .057842.36 10.591 1.02493 .09442 2.86 17.462 1.24208 .057272.37 10.697 1.02928 .09348 2.87 17.637 1.24643 .05670 )

3

2.38 10.805 1.03362 .09255 2.88 17.814 1.25077 056132.39 10.913 1.03796 .09163 2.89 17.993 1.25511 05558
|

2.40 11.023 1.04231 .09072 2.90 18.174 1.25945 .055022.41 11.134 1.04665 .08982 2.91 18.357 1.26380 .054482.42 11.246 1.05099 .08892 2.92 18,541 1.26814 .053932.43 11.359 1.05534 .08804 2.93 18.723 1.27248 .053402.44 11.473 1.05968 .08716 2.94 18.916 1.27683 .05287L

2.45 11.588 1.06402 .08629 2.95 19.106 1.28117 .052342.46 11.705 1.06836 .08543 2.96 19.298 1.28551 .051822.47 11.8?2 1.07271 .08458 2.97 19.492 1.28985 .05130! 2.48 11.941 1.07705 .08374 2.98 19.688 1.29420 .05079 || 2.49 12.061 1.08139 .08291 2.99 19.886 1.29854 .05029.

<

2.50 12.182 1.08574 .08208 3.00 20.086 1.30288 .04979 43

J .:
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Velas logie - Value"

3.00 20.086 1.30288 .04979
3.05 21.115 1.32460 .04736*

3.10 22.198: 1.34631 .04505
3.15 23.336 1.36803 .04285
3.20 24.533 1.38974 '.04076

3.25 25.790 1.41146 .03877 !
,

3,30 27.113 1.43317 .03688- .

!

3.35 28.503 1.45489 .03508
4; 3.40 29.964 1.47660 .03337

3.45 31.500 1.49832 .03175

3.50 33.115 1.52003 .03020
3.55 34.813 1.54175 .02872
3.60 36.598 1.56346 .02732 ,

!

3.65 38.475- 1.58517 .02599
3.70 40.447 1.60689 .02472

3.75 42.521 1.62860 .02352
3.80 44.701 1.65032 .02237
3.85 46.993 1.67203 .02128 {

"

3.90 49.402 1.69375 .02024
3.95 51.935 1.71546 .01925

4.00 54.598 1.73718 .01832
4.10 60.340 1.78061 , .01657
4.20 66.686- 1.82404 .01500-*

4.30 73.700 1.86747- .01357
4.40 81.451- 't.91090 .01227

4.50 90.017 1.95433 .01111
4.60 99.484 1.99775 .01005
4.70 109.95 2.04118 .00910
4.80- 121.51 2.08461 .00823
4.90 134.29 2.12804 .00745

1
5.00 148.41 2.17147 .00674
5,10 164.02 2.21490 .00610
5.20 181.27 2.25833 .00552
5.30 200.34 2.30176 .00499 .

5.40 221.41 2.34519, .00452 l

5.50 244.69 2.38862 00409
5.60 270.43 2.43205 .00370
5.70 298.87 2.47546 .00335
5.80 330.30 2.51891 .00303
5.90 365.04 2.56234 .00274'

6.00 403.43 2.60577 .00248
6.25 518.01 2.71434 .00t93
6.50 665.14 2.82291 .00150
6.75 854.06 2.93149 .00117
7.00 1096.6 3.04006 .00091

7.50 1808.0 3.25721 .00055
8.00 2981.0 3.47436 .00034
8.50 4914.8 3.69150 .00020
9.00 8103.1 3.90865 .00012
9.50 13360. 4.12580 .00007

44 10.00 2202G. 4.34294 .00005

|

)
!
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INTERNAL DOSIMETRY > >

( . ;. . -

1. Differences between internal and external exposures

A. The material is deposited inside of the individual.

'II.' Contamination and external dose concepts.

A. Exposure from a sealed source or x-ray machine

B. Exposure from an unsealed source or radioactive compound.

III. Radiation protection from external sources
' j

I
i

e

A. Time

B. Distance .

.

C. Shielding

IV. Protection mechanisms from internal exposures

A. Cannot use time, distance, or shielding

B. Sometimes elimination may be increased by chemicals.
{

C. Prevention is best internal dose reduction technique
.

V '. Route of intake for internal exposures '

A. Inhalation

B. Ingestion
f

C. Puncture

D. Absorption through skin !

.

9

i

VI' Metabolic pathways for radioactive material uptake to body.

A. Explain difference between intake and uptake.

VII(. Metabolics of a Puncture

A. Skin contamination may lead to similar consequences.
t

i
-

V]El '' Inhalation mdtabolica'~~
!

$7Moy (s u .I D E Pd% M

_ _ _ _ _ _ _ _ _ _ _ _ _ _
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A.'Tha caount of r:dicactiva matorial in'.tha bcdy at any tisa

'

i i.1
'

Bi Body' burdens may be measured directly.~
'

,

1. Radiation must be penetrating enough to exit body.

'2. If' radiation is not penetrating, then samples of body fluido
may.be required. ,-

*

' 3. Urine anlysis , sweat, blood, breath, ' fecal

X..'Haximum permissible body burden.

A. Define and explain the concept.

B. q is based on 0.1 REM / WEEK for gonads
0. 6 - R EM/ WEEK for skin and thyroid,

"

0.3 REM / WEEK for soft tissues
*

I
BONE SEEKERS A SPECIAL CASE d

4

XI . Dose commitment -
'

A. Explain the dose coussitment as it relates to the MPBB.
f

B. Explain using plot of activity versus time 'in the body i

and acute and chronic intakes.,

XII'. Factors which determine the organ dose *

A.'The mass of the organ, m

.B. El , the fraction from the GI to blood 9

C. f2 , fraction from the blood to the organ

D. T rg , the ef fective half life,e
,

T,gg= Trad * Tbio/ T,gg+Trad

-- -- 1
_ _ _ __ _ _

6 the ef fective energy absorbed per disintegration, HeV/o(isinYeffra[id {
E.

F. fa , fraction taken in by breath reaching organ
;

G. f, , fraction taken in by ingestion which reaches the organ.

gpg i. . . - -

.e he-l'n I* l |*~bb h'"r''T -
se -

,

.. .

p/2 6L A57Hoy 6(41DE d

- - _ _ _ _
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.2 T, k' Bcsic Physics of Intsen21 Exposurcs

A. Explain fraction retained. Handout tables 1 and 8, with appendix A.

/ mink3
1. Han breaths at- 20 liters'/ min, 20000 cm

f, = fraction of inhaled isotope reaching the organ

PRODLEM: man breaths air at 5 uC/cm3 for 20 minutes of 1131 .

Where does isotope deposite and how much deposited?

Fmm Mb .i. 3 k : .23 ,

3 = 4.6 yto ut
S =

S a_( , 20 0c0 ed/m + 20 m in + ,
cm,

IN TH y (?o 1 D GLkWD
-

s-ruo v surOE Pito S L EM. ;

!

su, _R_A_Q orrs e oo r es .
;

OttGhu g, I RAD : 100 ent lym. <

0 ( (
ehfs) & g,7(,gfo"#

EAE = M ),s. MASS,$m|'-

0

( HR
q 15 |&

f
-

_

4
4

1 1

- ggp,=(Rno).y T i'

e

I \ k; ,6't3
L :

|

#4 ter A al I

G. ot 's , de da'r, yammar
do ven q wy c)q m .
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w tr i
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APPENDIXES !-

3' l

' APPENDIX A 'k'

TAllULATION OF MFirAllOLIC INFORMATION FROM ICRP PUAILICAhlON 2
.

(REVISED ACCORDING TO PUllLICATION 6)J
'

lin Table 1 (p,25) the colunnii headings have the nicanings: SOs gan: tliat leading to the sinallest value of g given in Table 1
' IEF (fulE)n, (E in MeV), for tiee appropriate organ

3. is .
7 ', .

> adioactive half life (days),
' Ts ' y

: biological half-life (days) for critical organ, and for whole body in parentheseswhen dillerent irom that of criticalorgan :-T,n ellective half liIc(days) :J,.
Iraction iroen gastrointestinal trh,ts to blood

- fj .. I raction in organ of reference cf that in total body h' '
f, :

Iiaction f rom blood to organ of reference - 4
f.

Iraction of that taken into the body by inge'stica that is retained in the critical)organ
.

_, fyf.
Traction of that takers into the body by inhalation that is retained in the critical

. .g
, -

organ.
. /.g-

. maximum permissible body burden (pCi)
hil'C. anaxinium perminalble concentration in drinking water for radiation wolheis

, ,
E '

for 40 hr week
.

: MPC, maximum per(yCi/ml)-missible concentration in inhaled air for radiation workers
,'

'for 40-hr week (pCi/cc) f* t

The criticalorgans for C-14,g
4

I are different Irom those used in Appendix C.J-35.Te-ly2. Au 198, and Po-210given in Tablei ,

C dealing with that nuclide.In each case the reasons for the change are given in the section of Appendix
'

'
,
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irzanissimLa cosa ron INTERNAL RADIAT!oN ,
>i .

' I,*
*

a' Table 8. Organs of standard man
' #

' .' | f
,

" '< Mnse and effective radius etorgans of the adult human body'
'

*

, ,>;
> >

f Effective
Mass, m Per cent of radius, X"

Y' (g) total body * (cm)
. .

|-

Total body * - 70,000 100 30

Muscle. 30,000 43 30 |,

Skin and subcutaneous tissuet 6t(Mi 8.7 0.1 .|
'

*-4
Fat 10,000 14 20,,

,

Skelet >n )
With jut bone anarrow 7000 10 5

'
>

Red marrow 1500 2.1 #. '

Yellow marrow 1500 2.1 '
'

/ Blood 5400 7.7 / _

,

' '
I^ 30 ;

Gastrointestinal tract * 2000 2.9
*<

Contents of GI tract |
Lower large intestine IE0 $,,

Stomach 250 10 |.
'

$ mall latestine 1100 30

Upper large intestine 135 5 ||
Liver 1700 2.4 10 '?

, *

lirain 1500 2.I 15
I j

Lungs (2) 1000 . l.4 10

Lymphoid tissue 700 1.0 . |
. " 300 0.43 7 ,

Kidneys (2) <

300 0.43 7 q' ,

lleart ,j'
Spleen 150 0.21 7

-

Urinary bladder 150 0.21
'

Pancreas 70 0.10 5
;

Salivary glands (6) 50 0.071 i _|40 0.057 3
Testes (2)

30 0.043 1
Spinal Cord ''

30 0.043 0.25 i
a'

'* Eyes (2)
F 0.029 3Thyroid gland .j J ' .,

Treih 24 0.029
1

Prostate gland 20 0.029 3

Adrenal glands or suprarenal (2): 20 0.029 3 j. |,

i
10 0.014Thymus .

Ovaries (2) 8 '0.011 3 ,

0.6 8.6 x 10-8 0.5Ilypophysis (Pituitary)
'' Pineal Gland ' O.2 2.9 x 10d .

0.04

Parathyroids (4) , 0.15 2.I x 10-s 0.06
i

Miscellaneous (b1ral venels,
|

cartilage, merven, e;t.}' 390 0.56

|
* Ihee not include contents ed the gastrointestinal tract. ~*

t & maw of ab skin s.kas is takes to be 2000 grams.
, . j -

.
{j*
.

.I.

I.
~

t. ,

J, {
i
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O COMMITTED DOSE EQUIVALENT FACTORS-

f THORIUM AND DAUGHTERS (ICRPf30).
e

I' MREM / UCI : OF INTAKE
l

ISOTOPE
'

,

ORAL'
' INHALATION

Bone Surfaces. Lung Bone Surfaces

232Th 7.03 x 104 D- ----

. y.
----

W,- . .

4.07 x 107----

Y '3.5 x 106 1.85 x 107
228Ra 2.15 x 10 , p4

____
_____

W 2.66 x 104 2.41 x 104
y. _____

____

228Ac 1.11 x 101 D 5.18 x 103
------

W 1.29 x 102 1.29 x 103 I

. , .
Y 9.25 x 102 ______ _

228Th- 8.88 x 103 D. -----
_____

|W 3.52 x 105 5.18 x 106
o

Y 2.55 x 106 _____

!
224Ra 5.92 x.103 D. ----' ----

-

1W 2.44 x 104 --- -
i.

y _____ _____

_
Rn}220

---
-----

-----

216po _____
-----

_____

212Pb 6.29 x 102
t

D 7.4 x 102 1.37 x 103

w _____
, ,__ ___

y ____
_____

212Bi. 5.92 x 100 D 1.26 x 102 9.99 x 101(Stomach Wall:
(Kidneys),

W 1.44 x 102 _____,

,,
y \____

_____

208T1- #---- ~----
___

212po
____ ,

____
,,,

H

_. _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ . _ _ _ . _ _ _ _ _ . _ _ . - _ - _
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# .j r. ' STUDY GUIDE PROBLEMS
,

Internal Exposure Evaluation
. r;

, c. ,

.

i.

A' total of 1'uCi of 86Rb-is known to be in an; individuals body.
What is the ef fective half life of this isotope and how much activity--

.will be present in the body 20 days from now?L ,

:

q

P

.

~

.,

.

,

.'

A worker accidently disperses 1 mci of 45Ca into a room of volume 1000
liters (L). He breaths the air for 3 ' hours. What is his intake? What is. the
uptake to bone?

.

A worker breaths air ' for 20 minutes containing a concentration of. 59pe -
- equal to 0.01 uC/L. What-is the initial dose rate to the spleen? What is the
total dose.to the spleen? '

:

I

'..

O

- - - - - _ _ - _ - . . _ _ _ . _ _ . .
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-What would be the dose to the lung of an individual exposed to 0.05 WL
for 10 hours per wek in a months time? What would be the dose per year?

I wu = Ao wu wreK I W'*1 = 4 wh /**~4h- .

wun= mh w V. wt-n1 = 0,05 + V, = 0, o | 15' wtst

i mme = [o,0125) + 14 th/we : O,17F fb.-

lAue /, =. 12. + , i 7r =- F_, / (20')

USh twn'y- Mc4it . Oa 2. wGm /p -y 3 Re u1/p ,,

A metal alloy fire occurre and thorium is seperated from its daughters.
Assume all daughters are in equilibrium and are released to the air. A
total of 3 grams of alloy which has a 3% 232Th content are released into
10000 L of air. A worker is present for 10 minutes. Vnat is the committed
dose'to the lung and bone surfaces? 2M ZF
3 pmf x o,os =. o, o f r,n 1A Tk*.#u$

Q = 9. 9 Xi o t.t (L G /u~ylkg,
~ '

=

bre 110MFe did l[ YI, 4
aA 20 L fos.(n .1.U7t)lcE t /. 9/ Kiu a QX= 93 mo-7g( /t- esm enumct2

ret 4 "t.J S.24
---

.

A f. 27 N,7 7

224 At o,18 /, o 2
224

%. 4.13 -

* '' PA o , / 5' o,27
l'#

Bf o,03 -

t h,5~m f =-fo.06 m&mm, 7T G / l asy.
.E = |0

-9+ m m c:nin

anuma Gns w cuau.xs nen u. t rti oowaeratrc

/ wL. 7 .- 1;9 n o'' u G = / f /gtov (G) 6=

t%" n', al wL :d r n s ,a , -.a A1 !&a n- .a__.

_ n_ f ~ , , 3"
' ~

a" d ''^ e w w u .. E iPW- _p"- ,, D
- m=- _

N -f& Wm' %'

.' ,

=. & % ;

Okrs e potra / nen% g(-y |r

t00 % /m,.vl, I
j|

_

-5y 'g g (yg ,4 17 o, j5 m em,~,|7__ ,o| =

_' % I
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ |
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HOMEWORK PROBLEMe,

Internal' Exposures --

-.

A worker. is grinding a metal part for a total of 20 minutes. Assume the
~-thorium alloy is 3% of the. total weight. If one gram of the metal is released

,'

into 100 liters of air' space, what would be the total committed lung a'nd bone
surface dose if the individual breathed this. concentration?

,

,.

t

k
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OUTLINE

DETECTION AND MEASUREMENT OF NUCLEAR RADIATION

I. Types of Radiations

II. Interaction of Radiation with Matter

.A. Particulate Radiation

B. Electromagnetic Radiation
1. Photoelectric Ef fect

l' 2. Compton Scattering
3. Pair Production ]

| III. Detection Systems i

IV. Pulse Height Analyzers
J

j

i

!

1
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OUTLINE

1

BASIC PRINCIPLES OF RADIATION DETECTION INSTRUMENTS

I. Introductions

II. Gas Ionizations

A. Regions of Response

1. Recombination Region
2. Proportional Region
3. Region of Limited Proportionality
4. Geiger-Moeller Region
5. Continuous Discharge Region

B. Operational and Practical Considerations

III. Photographic Emulsions

IV- Scintillation Media

V. Semiconductors

A. Diffused p-n junction

B. Surface barrier Detectors

C. Lithium Drif ted De tectors

- - _ _ - - - - - _ _ _ _ _ _ _ _ _ _ _
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-VI. Thermoluminescence

i: VII. Summary

VIII.' References

i
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SURVEY INSTRUMENTS

I. Introduction

II. Ionization Chambers

A.; Theory

B. Physical Description

C.. Operation

D. , Calibration

E. Use

III. Geiger-Mueller Instruments

A. Theory

B. Physical Description
1. G-M Tube
2. Electronics

i

C. Operation |
!

D. Calibration

E. Use .

IV. Proportional Survey Instruments

A. Theory
J
1

B. Physical Description l
-1. Probe
2. Electronics

C. Operation

|

|

j
1

1
- _ _ - _ _ _ _ _ _ - - - |



1

d
1

D. Calibration
F

E. Use*

V. Scintillation Survey Instruments

A. Theory

B .- Physical Description
1. Scintillation Phosphors
2. Photpmultiplier Tube
3. Electronics

C. Operations

D. Calibration

E. Use

VI. Energy Dependence of Instruments
:

A. Electronic Equilibrium

|

| B. Bragg-Gray Principle

C. Gas-Filled Detectors

D. Pocket Dosimeters
i

E. G-M Tubes

F. Scintillation Detectors a

b
i

' 1
i

!

)

1

|

\
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OUTLINE

PERSONNEL INSTRUMENTS

I. Introduction

II. ' Film Dosimetry

A. Emulsions

- B. Theory of Latent Image Formation

C. . Limitations
1. Energy Dependence
2. Angular Dependence
3. Rate of Exposure
4. Evieloping Techniques

2?ial c?' Holder5. '

D. Dosimeters and Pocket Chambers
1. Dosimeters
2. Pocket Chambers
3. Characteristics

I
i

III. Summary
4
4

IV. References
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RADIATION PROTECTION PROGRAM~*

1.1 Definitions

Radioactive
Radioactive Contamination
Curie
Airborne Ac tivity
Decontamination
Half-life-

2. External Exposure

Protection Techniques-
!

Time-
Distance
Shielding

. Internal Exposure
'1

Pathways into Body.

Inhalation
Ingestion
Absorption
Puncture

Protective Techniques
*

1Protective Clothing
Contamination Control
-Eating, Drinking, Smoking

Pathways out of Body
i

Urine
-Feces
Exhalation
Perspiration

-

3.- Natural Background Radiation

Cosmic j
Terrestrial

1
Internal

i
Han-made j

.

I4. Radiation Protection Organization
{
lInternational
|National
!

Governmental l

I

I

_ _ - .
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5.c Provisions of Radiation Control Regulations
'Registration and/or Licensing

Limitation of Exposure;,' ,

Fixation of. Responsibility 1

Recordkeeping-
' Reporting:
Penalties

6. Dose Limit Recommendations

7. Evaluation of' Personal Exposures

Required. Records.

Regulations

10 CFR Part 19
10 CFR Part 20'
10 CFR Part 40,' Domestic Licensing of Source Material

1. Part 40.3 License Requirements .
Part 40.4. Definition of Source Haterial

2.:Part 40.7 Employee Protection
Protected Activities

'

'3. Part 40.13 Unimportant Quantities of Source Hateriai
Exemptions
Magnesium-Thorium Alloys
Finished Aircraft. Engine Parts

' 4. Part 40.20 Types of Licenses
General
Special

5. General Licenses
Small quantities of source material

15 lbs.'at any one time
150 lbs./ year limit

6. Part 40.31 Application for Specific License
General Requirements for issuance of Specific License -

Terms and Conditions of Licenses
Amendments
Renewals

7. Part 40.61 Records

8. Inspections

9. Enforcement
Part 40.81 Violations

:0014h
.
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NAME: DATE:

(1) The Federal Agency which controls the licensing and 6se of byproduct Radioactive
material in the United States ist

(a)- AEC, Atomic Energy Cossaission.

(b) DOE, Department of Energy.

(c) NRC, Nuclear Regulatory Commission.

I(d) ' IRS, Internal. Revenue Service.

(2) The current philosophy on the' Biological effects of low doses of Radiation ist;

(a) There is a thresh'old dose below which no effects occur.

(b) Any Radiation exposure poses a risk of future effect.
,.

(c) The damage produced depends on your physical condition at the time of
exposure.

(d). Radiation is harmless and causes no damage.

_(3) Which of the following is the largest amoung of radioactivity?

(a) 50 uCi

(b) 10 mci

(c) 1 uC1
,

(d) 1 C1

(4) The radioactive half life of a radioactive substance ist

(a) time required for the material to completely decay.

(b) time which a particular substance is useful for experimentation.

(c) related to the chemical form and is not used in activity determinations.

(d)' ~ time required for one half of t; , activity to decay.

(5) Radioactive contamination ist

(s). Radioactive material on a surface which when rubbed with a piece of filter
, paper deposits on the paper.

(b) A measurable dose Rate emanating from a radioactive package.

(c) A virus labeled with a radioactive isotope.

(d) A laboratory surface which has not been properly disinfected.
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(6)L he unit of Radiation exposure which indicates electrical charge produced in air:T

'(a). Rad

'(b) REM

(c) Roentgen.
1

(d). REP

(7) The unit of Radiation energy absorption is'thes

(a) RAD j

(b) REM !

-(c) Roentgen

'(d) REP ,

(8) The unit of Radiation dose which indicates the risk of a radiation exposure with
the damaging ability of the radiation factored ins

;

(a) RAD

(b) REM .

!

(c) Roentgen
!

(d) REP

(9) The maximum yearly whole body dose permitted by law to an occupationally I
exposed radiation worker is t

(a) 500 MREM

(b) 10 RAD
:
'

(c) 5 REM

(d) Not specified in federal guidelines.

(10)The effects of very large doses of radiation

j. (a) are not well known as no human exposure data are available.

(b) are not known but require years for symptoms to appear.

(c) 'are of no concern as the body's issnune system repairs the damage.

| (d) are well documented, predictable, and occur within hours to days depending
on the dose.,

..

L_,__-.--_-_---_-_-_.-.--_-_-----__.-._.__
- _ _ - _ _ - _ _ - - - _ _ _ ....b
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(11) The major concern in exposing human populations to low doses of radiation is:

(a) induced abortion in pregnant fe male s.

' nduction of leukemia and other forms of cancer later on in life.(b) i

(c) defense against viral infection is reduced.

(d) production of_ brain tumors.

(12)' An external whole body exposure to radiation occurs

(a) when you accidentally swallow some radioactive material.

(b) during your entire life.

(c) only when you get a dental x-ray.

(d) only if you are an occupationally exposed radiation worker.

(13) When a radioactive material enters your body:

(a) it is excreted immediately and hence no radiation dose results.

(b) it creates a high fever with chills.

(c) it distributes throughout your body and is eliminated at a rate which is
determined by a combination of the radiological half life of the element
and the biological half life of the element in your body.

i

(d) a large and massive radiation dose occurs, leading to radiation sickness !

and death.

(14) Urine samples are collected from individuals using radioactive compounds in
order to

(a) detetmine glucose level.

(b) determine amount of radioactive material an individual has ingested.

(c) determine if individual is pregnant.

(d) flush the body of all radioactive material.

(15) The most prudent immediate action to take if you suspect you have generated
a radioactive gas or aerosol ist

(a) take a smear and count it in a liquid scintillation counter.
, ,

(b) try to contain the release of radioactive material by using absorbent matting.

(c) hold breath and leave area, restrict access.

(d) take no action as the material diffuses rapidly in air to insignificant

concentrations. .
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(16) If an' occupationally'' exposed' worker receives the siaximum yearl'y allowed dose
.. : each year during his working lifetime,

(a) he is most likely to die'of cancer'as a result of the exposure.

(b) : he. should be monitored by a physician and extensive bloot'. work performed.

(c); he.would have no greater health risk than a typical " safe" occupation,
such as a clerk typist.

-(d) .this is. impossible,'as radiation sickness would' result within-the first
'

two years and the person would die.

(17) The naturally occurring'throfum decay series is best described as- ;

(a) two radi.oactive isotopes-
~

. (b) tho'rium and'several of its radioactive daughters, including the
stable end product of lead-208.

-(c)' a competition' between two siajor-league isobars to see which will
become an isotone.

(d) several radioactive nuclides of thorium, radioactive magnesium,
and other daughter elements.

(18) select any of. the below for a correct answer.

(a) 3.148 x 1038

(b) 0.0
|

(c) none of the above

1 (19) The dif ference between a radioactive atom and a non-radioactive atom is t

(a) ~ ' the radioactive' atom has an excess number of electrons in the nucleus.

(b) the outer electron shell of the radioactive atom is deficient in electrons.

.(c) the-radioactive atom must have tritium in its nucleus.
,

(d) the number of neutrons and protons in the nucleus is such that an excess
amount of energy exists.

l

(20) Generally speaking, as the energy of a beta particle or gamma ray increases the
amount of shielding required for adequate protection:

'

-(a) must be reduced.

(b) should not be altered.

(c) should be halved.

(d) should be increased.

e

)
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(21) ' An external' whole body occupational radiation exposure is usually determined using:

.(a) a film b'adge.:

(b) . a liquid scintillation counter.

(c) an estimate of the quantity of radioactive material used. ,

(d) changes in white blood cell counts.

-(22)' Th'e basic factors. in reducing radiation exposure from external sources of
radiation are

!

'(a)' plenty of' rest, fluids, and aspirin.

(b) ' time, distance, and shielding.

(c) personality, charm, and perseverance.

(d) wearing a film badge and changing it routinely.

~

'(23) _ In deaigning an experiment with radioactive material, the potential radiation
dose you receive should be of concern. In the experimental design,

(a) you are permitted to receive the maximum yearly dose as prescribed by
federal law.

(b) you are permitted to receive 1/10th of the maximum yearly dose as
prescribed by federal law.

,(c) you are not permitted any exposure.

(d) your exposure should be kept as low as is practicable in completion of
your experiment, and much less than the allowed limits.

(24) If a radioactive compound is accidentally aplashed .or dropped-on your skin,
you should

(a) apply ice for 24 hours, followed by hot packs.

(b) begin flushing the area immediately scrubbing lightly with soap and water

(c). cover the contaminated area of skin to prevent further contamination.

.(d) not be concerned as very little material will enter your body.
'

(25). In cese of an emergency list whom you would contact for radiation safety advice
''and action.

1. Phone
,

M

- _ . _ _ _ _ _ _ . _ . _ _ . _ __ .._
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(26) An isotope has a half-life of 10 days. If you initially had 8 mci of this- !

isotope, how much would be lef t 20 days later?
i

-(a) 7 aci. _(

(b) 6' mci -

-(c) 4 mci

(d) -2 mci

(27) The most appropriate shield for a beta source is: i,

-(a) no shield is. required as betas are easily absorbed
-

I(b) Lead

(c) lucite or plastic

(d) glass
!

(28) The natural background radiation dose rate increases as you increase in
altitude because:

(a) .there are fewer nuclear power plants at these altitudes.

(b) there is less atmosphere to absorb the radiation coming from outer space.

(c) radioactive waste in the atmosphere tends to concentrate at higher altitudes.

(d) the radioactive half-life of this radiation is very short.

|
i

.

O

e

N
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RADIATION SAFETY OFFICER FINAL EXAH
a

'In. completing the following please show your work in a. step by step
manner as credit is given for proper technique even though a calculational
error may be made. Cood luck!

1.' Convert the following

3 Ci = dps, - mci = dps
i

uCi = dps f Y[O dps = mci

8
(.7 K(0 dps = Ci 1700d pe= uci

2. A radioactive material decays by.the emission of beta particles followed by
gama . radiation. Beta particles of 1.0 MeV maximum energy are emitted in.

fO x of the disintegrations and gamma rays are emitted with 0.5 HeV
energy 50 %. and 35 Hey 40 x of the disintegrations. Compute for f mci

.of this radioactive material ( this test is easy!)

Total gammas /second emitted =

Total betas /second emitted =

1

:

!
1

I
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' ' .

,

'3. If the radioactive' material'in the problem 2 has a radiological half life of
L f{} days,-whatwouldbethe. activity 30daysfromnow?Whatwouldhave-

been the gamma emission rate 20; days before in gammas /see?(a piece of cake!)"

iActivity 30 days from now =

-

L ,

Gammas /sec 20 days before = |

i

.

1
1
i

'

4. A radioactive material has the following radioactive decay characteristics:
,

)1.2 Mev max. beta jiD g
0.3 Hev max. beta 25 0 % 'I

.3 Hev gamma /OU %

1.0 Mev gamma (Oc) % j

'I
Compute the gamma ray exgosure rate and the approximate beta absorbed dose
rate to the skin at' IU cm f rom a point ' source containing i mci.
( when the going gets tough, the tough get going!)

gamma exposure rate = mr/hr beta dose rate = mead /hr

,

1
|

|
4

i

I
\

|

_
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5. ;Using the information obtained in problem 4, compute the exposure rate and''

beta. absorbed dose rate to the skin if the source is encapsulated'in an
aluminum container which is 0.1 cm thick. Assume the density of' aluminum is

33 gm/cm ( no problem!).2.7 gm/cm and the density of air is 0.001293

g'amma' exposure rateL=- ar/hr beta dose-rate = orad /hr

-q

,

1

,

t

!

,

32P in a room measuring 300 cm by6. An individual is working with 4 mci of
300 cm by 250 cm high. An accident occurrs and this material is released
into the room. The worker breaths the air for a period of 8 minutes." What
is the intake of 32P? What is the critical organ and what is the uptake i

to the critical organ? What will be the activity in the critical organ 30
days from now?(being foolish yesterday makes it easier to be wiser today)

intake of 32P= uCi critical organ =

uptake to organ = uCi activity in 30 days = uci

l

._ _______ ______ __ _ _ _
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7. A metal chip, fire occurrs ~in a storage area measuring 200cm.by 200 'ca ,
by 200 em high. It is. estimated that the maximum temperature reached
wa s ._ 220000. - A total of 7000 grams of alloy is involved with a' 3% by weight -
. thorium content. What would be the maximum potential internal exposure for
an individual who breathed this air for 5 minutes'trying to extinguish the

ifire?'( You. thought the worst was over, didn't you?)

.
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. Appendix C'

,

BUTKIN PRECISION MANUFACTURING CORPORATION

. EMPLOYEE R ADIATION SAFETY TRAINING

l'
- 0UTLINE

l:
'

,

1

1. Definitions- !

Radioactive
fl _ Radioactive Contamination

Curie'-
2 Airborne Activity
De con tamina tion

iHalf-life ~

2. External Exposure

Protection Techniques-
'

Time
Distance
Shielding

Internal Exposure

Pathways' into Body

Inhalation
Ingestion
Absorption
Puncture

Protective Techniques

Protective Clothing

Contamination Control
. Eating, Drinking, Smoking

Pathways out of Body

Urine
Feces
Exhala tion
Perspiration

3. Biological Effects of Radiation

4 .' ' Natural Background Radiation

Cosmic
Terrestrial
Internal j

Man-made I

|

0032h



- - . - _ ,

{ _n .a.__....,_ . ... .

.....%
a".5 ~. Radiation. Protection-Organizationl4 ''.L

'

. .

a

International
. National
Governmental

y 6. Provisions of Radiation Control Regulations' , '

Registration and/or Licensing
. Limitation of Exposure
Fixation of Responsibility

, . ,'

. Recordkeeping''

-Reporting
' Penalties
10 CFR Part'19
10 CFR.Part 20.

e 7. Dose-Limit Recommendations

I 8. Evaluation 'of Personal- Exposures

9. Required' Records

$
g
1

|

b

!
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FACILITIES AND EQUIPMENT
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Portable Beta Gamma
Geiger Counter
Models E-120 and E-120E

I

1
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~
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h
E 120 - GAMMA DOSE R ATE MONITOR WITH

,

,

HP 270 ENERGY COMPENSATED HAND PROBE
w

,

mR/hr and CPM Scales

If.

W. .

UTILIZES INTEGRATED CIRCUlTS

SMALL SIZE - LIGHTWEIGHT

I P 90 END ND W H ND RO E '

STABLE OVER WIDE TEMPERATURES

EXCELLENT LINEARITY AND STABILITY

VARIABLE METER RESPONSE TIME

BATTERY CONDITION CHECK

ObOrl.inO
Model E 120/E 120E
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Portable Beta-Gamma Geiger Counter
Models E-120 and E 120E ,

!

{GENERAL DESCRIPTION
The Model E 120 Portable Geiger Counter is furnished with an energy compensated lland Probe Model
llP 270 widch is designed to monitor gamma and x ray radialton of energies above 40 kev. A window is
provided for the detection of beta radiation.Both mR/hr and counts per minute (cpm) rneter scales are pro-
vided on the E 120.

The Model E.120E Portable Geiger Counter is furnished with a thin mica end window G.M tube Model j

llP 190 which is designed to monitor low-energy beta contamination or x ray radiation. A cpm meter
scale is provided on the E 120E.

Both instruments combine the proven reliability of gelger detectors with electronic circuits to provide en
instrument with outstanding operational characteristics in a small, lightweight package at an economical
price.The large taut band meter provides exceptional readability and linearity with continuously variable
response time. Calibration stability results from temperature compensation and battery voltage regulation. ;

liigh efilciency circuits extend the lifetime of the two D cell batteries. A rotary switch combines the func. !
!

tions of power switch, battery check and selection of one of three sensitivity ranges.The amplifier driven
output may be used with headset, speaker assembly or external pulse counter.-

The instrument is furnished complete with probe, CZn batteries and technical manual. Avallable accessories
include headset (B A 201), speaker assembly (SK-1), a nCs gamma check source (CS 7A), and "Tc beta

check source (CS 13).

SPECIFICATIONS

Ranges: 3 linear ranges, switch controlled: E 120 -0.5,5,50 mR/hr full scale (600,6k,60k cpm).
E 120E - 500,5k and 50k cpm full scale.

I
Scale Length: 2.37 inches (6 cm).

Linearity: Within 15% of full scale,12% typical.

Response Time: Variable by panel control from 10 seconds to 2 seconds to 90% of final value.

Phone: One pulse for each event counted. Negative pulse approxhnstely 2.5 V amplitude. ,

Voltage Coefficient: Reading changes less than 10% with battery voltage from 3 to 2 V (new batteries
to end point).

Batteries: Two D cells held by internal captive holders.

Voltage Requirement: 1.6 maximum to 1.0 minimum volts per cell.

Life: Variable dependingon celltype, age, temperature,etc.Nominallife with new cells at room temperature
is: CZn-300 hours; alkaline-500 hours; mercury-700 hours; NiCd ( Ingle chzige)-200 hours,

iktector and Cable:
E.120: Model llP 270 Energy Compensated Deta Gamma lland Probe consisting of a halogen filled G M
tube,30 mg/cm', with beta discriminating shield (see page llP 270). Cable is Model CA 10. |

IE 120E: Model IIP 190, thin window,1.4 to 2.0 mg/cm' with approximately 9 cm (1 1/8 inch dia.)
|ares (see page llP 190). Cable la Model CA 10. |

Dimensions: Approximately 6 3/4 inches long x 3 3/8 inches wide x 3 1/8 inches high + 3 1/4 inches I
'

handle (17.1 x 8.6 x 7.9 +8.3 cm).

Weight: 3 pounds (1.36 kg) with CZn batteries and hand probe.

Temperature: Typical temperature coefficient of reading is -0.15% per *F from-40* to +140*F (-0.27%
per C from-40' to +(0*C). Maximum is -0.25% per *F (-0.45% per *C).*

ro. Box 2108,Senta Fe.New Mexico 87501 (505)471-3232 IWX:9104854678

November 1979
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udlum BETA-GAMMA DETECTORS

.

The Detector holder features a rotary beta shield with
1.000 mg/cm' stainless steel wall thickness.
OPERATING POINT: 900 volts.
DIMENSIONS: 13/16" diameter by 6%" long.-12 42 2 2 i"

F e^< am~nt p. WElGHT: 12 ors. !
l

' |W '
''[ Walt. THICKNESS: 30 mg/cm8 stainless steel.

U,T T "'.? Ci d.d d' .-"
EFFICIENCY FOR RADIUM 220: 1,700 counts per min,
per MR/Hr.
QUENCH: Halogen.*

MODEL 44 8
THIN WALL GElGER-MUELLER PROBE

WINDOW: 1.4 to 2.0 mg/cm' mica.

[??,it. .}y,7N!].ph7., WINDOW DIAMETER: 1-3/32" diameter.
gy r '

WALL: 0.046 inches stainless steel, plus 0.062 aluminum**""

g i , i. a ' ou .L . Ja/4+ 4tYW holder.
(;n.)$f.U.hfhNf8.ft YW MOUNTING: Aluminum holder,l

AM it t.
g

DIMENSIONS: 1%" diameter by 5%" long.
WElGHT: 10 oz.

Replaceable GM tubo
MODEL 44 7 Removable protective wire screen.
END WINDOW GElGER-MUELLER PROBE

WINDOW: 1.5 to 2 mg/cm' micai

l I gf.'= WINDOW DIAMETER: 1.75" *

I MOUNTING: Aluminum holder, handle and window
|

- protector.
| DIMENSIONS: 2%" wide,.11" long 1.050" dia. Handle.
' * WElGHT: 12 oz.

MODEL 44-9 b|

PANCAKE GElGER-MUELLER PROBE

The beta scintillator is similar in performance io a 1.5 mg 'em' end

f -
. window G. M. detector with the added advantage of lower gamme

background and the ability to utilize discrimination. Carbon 14

h|.'' <

I w detection is possible with reasonable gamma rejection.,

3W g DETECTOR: NE/102 plastic crystal. 0.01 thick. (thinner

{ *t f[)
|
** ) I crystals on request)

WINDOW: 1 mg/cm' aluminized mylar.
EFFICIENCY: Function of discrimination setting.s-

DIMENSIONS: 6%" long by 2" diameter.
WEIGHT: 12 oz.

MODEL 441
BETA SCINTILLATOR

I

LUDLUM MEASUREMENTS, INC.
501 Oak Street * Sweetwater. Texas 79556 e Telephone (915) 235-5494
Printed 6n U.S A. I21 80
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udlum SURVEY METERS
.

GEIGER-MUELLER OR SCINTILLATION

SPECIFICATIONS ON REVERSE SIDE
l

.

,
#h$k#..

0 )
*

9- 0.- 6

. . au[ .

MODEL 3

LUDLUM MODEL 2 AND MODEL 3 SURVEY METERS
]

88"!s!1It"" " SRO!" T8 iMOt"" ^s"QORTJfL""A oA
' ?"1 A

NEUTRON OR X-RAY COUNTING NEED.

DETECTOR SPECIFICATIONS ON DETECTOR SHEET
.

- _______
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APPENDIX E

BUTKIN PRECISE MANUFACTURING CORPORATION
RADIATION SAFETY PROGRAM

!
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BUTKIN " PRECISION MANUFACTURING CORPORATION -' "
o

49 p

L,
- RADIATION SAFETY PROGRAM i .t

.

!

Purpose
,

JThe ' purpose of the Butkin Precision. Manufacturing Corporation's ~ radiation
safety program is to protect: the: health of ' workers minimize danger. to. life
.and property, and make every reasonable ef fort to maintain radiation exposures
and releases of radioactive material in ef fluents to unrestricted' areas as Llow -
as - is reasonably ' achievable.

Scope

LThisLprogram. is applicable ;o the possession, use, storage, and trans fer or-
disposal- of a11' United States Nuclear Regulatory Commission (NRC) licensed

. materials.

. References

1. -10 CFR Parts 19, 20,140, and 71

2. . | National Council on Radiation Protection and Measurements (NCRP)
Reports

3. International Council on' Radiation Protection (ICRP)~ Reports'
_

'

4. _ United States Nuclear Regulatory Commission (USNRC) ~ Regulatory
~

Guides

.Res pons iblities .

1. Management' has the overall responsiblityI for. the. radiation safety-
of all1 individuals who' work' in or frequent areas under its
control. In addition, management is responsible for compliance

~

with applicable NRC regulations -and the terms of the NRC license.

2. - Radiation safety of ficers (or supervisors assigned radiation safety
responsibilities) are responsible for the conduct of day-to-day
radiation safety operations ~ or program tasks set forth' below,
including the' review and approval of standard operating and'

'

emergency: procedures . .

3. Supervisors are responsible for developing and implementing
standard operating and emergency procedures applicable to |

operations under their supervisory control. This includes
day-to-day radiation safety supervision and reporting to management
unsafe acts or conditions that they cannot correct.

<4. Individual workers are responsible for performing their jobs in a
safe. manner and in. accordance with approved standard operating and j

emergency procedures. In addition, workers must be alert to and ;
immediately report to their supervisor all unsafe acts or !

conditions noted in work areas. |

i

0032h
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? Prog' ram-
,

;

LN ? The E o11owing are primary elements of the radiation' safety prog' ram:
.]

f

q
1. Training is provided on a routine basis for personnel who-work:with, j

radioactive material.

2. Current procedures for routine. and: emergency operatione involving. f
NRC licensed materials are attached to this plan and may be revised j
as operations dictate. ,q

. 3. Personnel monitoring devices are:not required but may be provided.
for employee relations purposes. Records' are maintained by the
radiation safety officer. ~ l

1
:

4. Contamination is controlled by routine' use of fixed and' portable
survey metere- together with routine' surveys of the work areas. ;

. Records of the survey results are maintained by the radiation.
safety of ficer. See attached Wipe Test. Analysis Procedure.

|- 5. : Area and effluent monitoring are conducted periodically. Area
monitoring is conducted routinely by the radiation safety officer.
~In addition, effluent' releases are evaluated semi-annually by the
Certified Health Physicists who are consultants.

6. Inventory control of licensed materials is maintained.

.7. All accidents or incidents involving radioactive material are
investigated by the radiation safety officer and necessary reports
issued.

8. Annual audits and evaluations of the effectiveness of the radiation
safety program ~are to be conducted. Reports are to be issued to
both management ' and employees of the results of the audits.

-I

|
Footnote ;

Minor revisions and changes may be made to this program and plan without !
!specific Nuclear Regulatory Commission approval as long as the safety intent

or effect is comparable.

l

!-

0032h
.
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Standard Operating Procedure - MagTh Parts

I

l
t

PUR POSE

The contained standard operating procedure is reflective of the ;

equipment, work environment, safety procedures and manufacturer's processing
of the stated part numbers:

2-063-010-18 Frame
2-063-010-19 Frame
2-103-180-05 Compres sor .

SCOPE

The contained standard . operating procedure is all inclusive to the H

manufacturing operation required to complete required Butkin Precision
manu fa c tur e . This standard operating procedure, however, is limited to the
assigned part numbers only:

| 2-063-010-18 Frame
2-063-010-19 Frame
2-103-180-05 Compres sor .

RES PONS IBILITY

It is the responsibility of the plant foreman to oversee the proper
safe manufacture of the assigned part numbers:

2-063-010-18 Frame
2-063-010-19 Frame )
2-103-180-05 Compressor. '

Delegation of such authority can be directed to department heads at the
discretion of the plant manager. |

j

l

0032h
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' MANUFACTURING AND SAFETY ANALYSIS

.i
'

1. Equipment used in manufacture operations

: a. : Vertical Turning Lathe"= i

'b.- Bridgeport miller 1

c..JJig bore

d. .DeburringLtools'

2.. Publications applicable to manufacture process-

a.. included but are. not limited to Butkin operation and process .
sheets which may include customer, Butkin Precision,. and/or
part changes

3. Qualification and training of personnel |
.

a. must meet minimal skill level as outlined by plant manager ,

l

| b. must receive initial training concerned with safe' use 'of.
,.

j

| ma gnesium-thorium
i

4 .~ .Servicingiinstructions> >

a. as required by equipment manufacturer i

L 'b. additional cleaning of metal chip build-up on a daily basis i

c. additional changes of thorium contaminated lubricants

5' Requirements for general safety equipment monitoring. clothing.
.,

a. see standard operating procedure on use of magnesium-thorium

6. Requirements for ventilation control !

| 1

a. existing ventilation

b. additional portable exhaust units as required

7. Step by step instructions for performing operations in deburring or
other manufacturing areas with corresponding hazard analysis

a. see operation sheets for manufacturer's instruc tion

8. Handling of waste

a. all scrap is returned to customer

9. Emergency procedures

a. Magnasium Fires Emergency. Procedures

b. Lacerations Emergency Procedures

(See attached) l

.0032h ,

i
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BUTKIN PRECISION MANUFACTURING CORPORATION

MAGNESIUM FIRES

EMERGENCY PROCEDURES

l
i

The following steps should be taken in the event of a magnesium fire:

1. Call Fire Department (Phone #'s in Milford and North Adams).

2. Put on emergency respirator found in Thorium manufacturing area.

3. Operator of affected machine should cover area with designated
black powder.

3. Clear area of all other employees.

| 4. Any employees overcome by smoke should be quickly scanned for
| possible contamination and transported to emergency facility.
|

5. If fire cannot be controlled by plant personnel, all personnel
should leave area.

6. Af ter fire has been extinguished, monitor air in general area
for possible contamination. Report any high concentrations to

i Mil ford ,- Ct . immediately.
l

l

i
i
1

1
!

1

|

|

|
.

1

|

|
|

0032h
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'BUTKIN ' PRECISION MANUFACTURING CORPORATION

,; :
-

, . LACERATIONS:-C

EMERGENCY PROCEDURES
- I

- !

~-THE FOLLOWING STEPS ,SHOULD BE ;TAKEN IN THE EVENT OF ' A SERIOUS LACERATION:

.

'1. Injured' area 'should be scanned for possible contamination.

| 2. . Injured should be transported to emergency' facility.-

* This. procedure does not pertain to small cu: , or
, siivers. These conditions should be treated; as any other
injury, i.e. , remove metal' chips , apply disinfectant, etc.

i

3.: : Report any high levels of contamination concentration to-
. Mil ford , Ct . immediately,

.

a

l
- 1

- |

):

i

<

J

.)

0032h
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BUTKIN PRECISION MANUFACTURING CORPORATION
.

Wipe Test Analysis
!

!

All wipe tests will be analyzed by the. Butkin Precision Manufacturing
Corporation radiation safety of ficer. The following equipment and supplies
will be used in the anaysis:

Ludlum Model 2 survey meter with 2" pancake probe with 1.4 toa.

2.0 mg/cm2 window. j

!

b. Calibrated Am-241 and Sr-90 y-90 planchet sources will be i

obtained from Dupont-New England Nuclear Corporation.

Source Activity Catalog No. Description

241Am 50 nCi NES-302-S The active area,10 mm in
diameter, is plated on a
plantinum disc. Alpha
emission calibrated to +/-
3%. Total activity

calibrated to +/- 5%.

90Sr-Y .02 uCi NES-267 multi The active material is
mounted on a scatterless

2backing with 1 mg/cm
mylar backing. Activity
calibrated to +/- 3-5%.

Filter papers approximately 30 mm in diameter will be used forc.

actual wipe tests.

!
'1

|

|

1
I

l
I

0032h
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Ih BUTKIN PRECISION MANUFACTURING CORPORATION
, , ,.

y 8258 (203)8762M6eP P 67 Ema Avenue,Milford. Connecticut 06460 *

MAGNESIUM 'HIORIUM

,

Since you will be working with Thoria Dispersion Strengthened Magnesium,'

it is important that you understand what you are working with, how it
should be handled, any health problems involved with its use and the
procedures that must be followed to comply with Government Regulations
as well as to insure your safety.

I

DEFINITION

Natural Thorium is a radioactive element which emits a very low level
of Alpha radiation.

These Alpha rays are not the penetrating variety which is used in the
ALPHA RADIATION IS NOT ABSORBED THROUGH THE SKIN .X-Ray process.

1

*

POSSIBLE HEAL'HI HAZARDS
,

When dealing with Hag / Thorium, the radioactive source is contained within
the material and direct contact during normal handling and machining operations
offer virtually no possibility of hazardous exposure.

Only ingesting (eating) the sourco material .or prolonged ' inhalation of
-

smoke would offer the' chance of overexposure.

PERSONAL HYGIENE*

Good personal bygiene must be strictly practiced by all who work with Mag / Thorium.
j'
!

.

1) No smoking, eating or drinking is permitted
in a work area where Mag / Thorium is being used.

2) Employees must wash their hands and face before f
|

|

eating.
.

2

3) Work clothes must be kept clean and frequently
changed. ,

1,

pSee Safety Bulletin f 002) {

\
i

|
30 YEARS OF QUALITY MANUFACTURING WITH PRECISON |

!
i

1
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./

PERSONAL PROTECTION

The' same procedures which are followed in handling ordinary metals must {

be followed when working with Mag / Thorium.
i

1) Safety glasses'must be worn at all times.

2) Suitable work gloves should be worn when not
operating rotating machinery.-

3) Any injury, no matter how slight must be
immediately reported to the proper authority.

i

' SCRAP
'

i

.

All trimmings, punchings,_ turnings and other scrap contain4a* Man / Thorium ,

huar be identified, collected, segregated from other metals and stored in j

the special containers provided. ,

*

|
:

EMPLOYEE INFORMATION
i

in accordance with the U.S. N.R.C. the following documents are available
for your examination upon request:

;

Part 19 CFR Standards and Reports to Workers.

Part 20 CFR Standards for Protection Against
Radiation. !

|

1

|

4

J

!

!

l.

.
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EXTERNAL RADIATION1 -

[
Direct radiation from handling alloys is not important.' estternalWintion is ~1500 ar/ wee

,

sun ' _

and- arfweeWTer the whole body., . WK31A
Ib 6f sheet "Ontaining $.5% thorilism was measured"and,

'd to produce"a wwt=uis'of 4.F'ar/ hour ht tto surface'End'
(|2 ar/ hour .htm Kgat_3way T'Kaikuising hand b6dtact and"the^"
#cdy one foot from the ' alley'for M hours Wekly,Nxpbsi@e's

'36dy. Esene ar/ week to the hanos and 72 ar/ week t'o 'the' lisholeW5Ed"be 168,ee well'%rithin.Jihe..)fraissible limits'indp* #--

sent maximum values which probably would not be'approhched
r W actual practice.' - Film badge measurements on workmen

engaged in typical foundry operations showed a maximum ofThe other badges
30 mr/ week on two out of 23 men involved. |

,'

measured less than 10 mr/ week.-

COMMON RADIATION EXPOSURES
,

Se ~axsios'ure "of persons to .Myited radiation 'iiuch 'hs fromthe ' magnesium -- 3% th'di'ium alloys can be easily measured' arid
de recorde('$n, terms of milliroentgen per hour. . Coannon

,,Tadiatiori exposures listed here are compared with an HK31A '
measurement.

Total mr Normal Exposure Time
Type of Radiation'

HK31A (2000 lbs.) at 4 ft. 20 (0.5 per hr.) 40 hours ;

Wrist watch- radium dial 1 to 5 1 hour'(gon'tinuously,'
,

2-3' seconds.,

Chest X-ray 300'
,

8-9 secofids
Hand-arm X-ray 250-1000

,

1500-15000 1-3 seconds,
Dental X-ray .

Shoe fitting X-ray 10,000-15,000 5 seconds

*

.

1
-

I
i

*
*
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November 26, 1985
,

d
i

Butkin Precision
67 Erna Street i
Milford, Cr 06460

Attention: Ms. Halide J. Caine

Subject: Technical- Data Mag Thorium Castings

1Reference: P A 2-063-001 10 Frame i
P A 1-060-101-02 Housing

Dear Ms. Caine:
]

,

In reply to the technical data questions: |
<

!1. The type and quantity of source material in each part

' thorium 232 Content 1.4% to 2.2% by weight

2. The chemical and physical form of the source material -j

i

Fused metals . Solid, silvery color

3. The method of retaining source material in product during H

normal and' abnormal conditions of use
!

See attached

4. The maximum external radiation level of 5 and 25 centimeters
frm curface of the product

5 centimeters 0.35 MR$ R .

25 centimeters 0.08 MR/HR

I am enclosing a copy of U.S. Department of Labor " Material Safety
Data Eheet" and a copy of Dow Chemical's magnesium-thorium alloys
entitled " Industrial Health Experience in Fabrication and Production". .

If you need further information, please contact me. g
~

,

i
Regards,

WEIDiAN DYNAMICS CD RATION
. e. ,

____ ;

R. C. Fischer
Sales A&ninistrator

RCFatjb

Enclosures
. , - ,,, ,,. _ -, _ ,,..,~ _ -, _ _ .,. ,.,.,,, .., _ . ,,,., ,

_ _ _ _ _ _ _ _ _ _ _ _
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' MATERIAL SAFETY DATA SHEETS (MSDS).

.NO. 1 REVISION O DATE 11-25-85 PAGE 1of 5"

- WELLMAN DYNAMICS CORPORATION EMERGENCY PHONE: (515)782-8521 (24 Hours)-

U.S. ROUTE 34, P.O. BOX 147 CHEMTREC ASSIST: (800)424-9300*

CRESTON, IOWA 50801-0147 ATTENTION: James A. Lauer,*

I. IDENTIFICATION

TRADE NAME: Aluminum / Magnesium Casting
CHEMICAL NAME: Mixture
FORMULA: See attached Casting Ingredients (by alloy series). j

DOT IDENTIFICATION: (Casting containing Thorium ONLY) RADIOACTIVE MATERIAL '

4A
NFPA HAZARD CLASS: HEALTH 1 , FIRE 1 , REACTIVITY 1 , OTHER S

(TH Only) |
-

CAUTION!! WELDING, CUTTING OR GRINDING ON CASTING MAY GENERATE POTENTIALLY !
T0XIC DUST OR FUMES. DUST AND CHIPS MAY BURN WITH A HOT FLAME. |

II. HAZARDOUS INGREDIENTS

REFER TO ATTACHED LIST OF CASTING INGREDIENTS FOR EACH ALLOY SERIES.

CAS PERCENT OSHA ACGIH NPT/IARC
NUMBER COMPONENT RANGE PEL TLV LISTED

7429-90-5 Aluminum (A1) 0-99.0 N/A 10 mg/m3 N/A !

7440-41-7 Beryllium (Be) 0-0.3 0.002 mg/m3 0.002 mg/m3 YES

7440-47-3 Chromium ~(Cr) 0-0.25 1.0 mg/m3 0.5 mg/m3 YES
,'

7440-50-8 Copper (Cu) 0-5.0 1 mg/m3 1 mg/m3 N/A1
*

'

| 7429-95-4 Magnesium 0-99.0 15 mg/m3 10 mg/m3 N/A

( 7439-96-5 Manganese (Mn) 0-2.4 5 mg/m3(c) 5 mg/m3(c) N/A
7440-21-3 Silicon (Si) 0-8.6 N/A 30 appef N/A
7440-22-4 Silver (Ag) 0-3.0 0.01 mg/m3 0.01 mg/m3 N/A
7440-29-1 Thorium (Th) 0-4.0 N/A N/A YES

7440-66-6 Zine (Zn) 0-6.2 5 mg/m3 30 mppef N/A
7440-67-7 Zirconium (Zr) 0-1.0 5 mg/m3 5 mg/m3 N/A

1

, !

:*

I

III. PHYSICAL DATA

BOILING POINT: 4220F (for aluminum) - 2030F (for magnesium) |
MELTING POINT: 1150F (for aluminum) - 1202F (for magnesium)
SPt.CIFIC GRAVITY: 2.708 (for aluminum - 1,74 (for magnesium)
SOLUBILITY IN WATER: N/A.,

APPEARMICE AND ODOR: Silver Solid - No Odor'

,

VAPOR PRESSURE, VAPOR DENSITY, EVAPORATION RATE: N/A

.

IV. FIRE AND EXPLOSION DATA .

|
ALUMINUM CASTINGS IN SOLID FORM VILL NOT BURN OR EXPLODE. l

MAGE 5kIU't CASTINGS ARg NOT EASILi''iONIT*-FIldg . HEY WILL BURN IF EXPOSED TOT

LOBE Ib LEL 45,000 mg/m3 (alumin.um dust)[ I

EXTINGUISHING MEDIA: Use a class "D" extinguishing agent (Met-1-x, G-1~' ~- ,

powder, dry sand, graphite, etc.) and isolate the fire.
'

......m y-w- T :->. .M :"| M~:1** V
.6-hhD3[ . [.I.' ;[ ,}.[,(^

'

. ,
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MATERI AL: SAFETY DATA : SHEETS , (MSDS)*'

m

"NO . 1 REVISION O DATE' 11-25-85 PACE- 2 of 'S
'

.WELLMAN DYNAMICS 'COR' ORATION ' EMERGENCY PHONE: (515)782-8521 (24 Hours)p,
' L U;S. ROUTE 34, P.O. : &OX 147 CHEMTREC ASSIST: L(800)424-9300"

3
CRESTON,JIOWA .50801-0147' ATTENTION: James.A. Lauer j'*

.

'I

UNUSUAL FIRE AND EXPLOSION HAZARDS: As with all combustible solids,' dust
f rom this product m.sy form explosive mixtures in air. . Explosive ~ dust
concentrations |are usually very thick dust clouds, not of ten found in' j

' working areas but may occur in process vessels, dust collectors or bulk -

handling operations. :|- -

SPECI AL FIREFIGHTING PROCEDURES: Do not use water, CO2 or ' foam
'

extinguishing agents.

V. REACTIVITY

STABILITY: Stable under normal conditions of use, storage and transportation.

INCOMPATIBILITY: Fine dust or chips from the casting may react violently

with halogens (ie: chlorine, hromine), halogenated hydrocarbons' and oxidants.
: The casting may react with acids or caustics producing explosive hydrogen. gas.

'Magnesium' contained in the casting may slowly react with water or water
soluble cutting oils for form hydrogen gas. Avoid contact with water.

HAZARDOUS DECOMPOSITION PRODUCTS: Hydrogen gas
RAZARDOUS POLYMERIZATION: Will not occur.

.

VI.. ENVIRONMENTAL' AND DISPOSAL INFORMATION
,i

ACTION TO TAKE FOR SPILLS / LEAKS: Dust and chips should be swept up promptly.

DISPOSAL METHOD: Damaged castings and chips may be sent to a scrap reclaimer.
Collected dust and chips from machining, walding, etc. may, be classified as j

a hazardous waste depending on circumstances. Castings, chips and dust from i

thorium bearing castings ,aay be classified ao radioactive material and'should )
'be disposed of in accordance with State / Federal regulations. Consult local

authorities regarding disposal.
"

t

VII. HEALTR RAZARD DATA !

|

EYES: May cause irritation.
S.. SKIN: May cause irritation.
|, INGESTION: Moderately toxic if ingested. Magnesium LDSO (dogs)=230-280 mg/kg.
a . INEALATION: Breathing excessive amounts of dust may cause nose and throat

irritation. Funes of metals, such as copper, magnesium or sine or their.

oxides, may result in nose, throat and upper respiratory tract irritation,
nauses and metal fume' fever. Symptons of metal fume fever any appear four

. to twelve hours af ter exposure and consist of fever and shak.'.ng chills.
Inhalation of finely divided aluminum powder has been reported as a cause
of pulmonary fibrosis. Breathing dust or fumes of beryllium asy result in
berylliosis, a serious lung disorder, possibly resulting in weakness, tiredness,
weight loss, cough and shortness of breath. Death may result in severe cases.
Beryllium is a suspect human carcinogen. Certain forms of chromiu:e, are
classified as human carcinogens. Some fome ,_ inclading., chromium. mer.a1 . . .

.
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| MATERIAL SAFETY DATA SHEETS (MSDS)
~~

'

NO. 1 REVISION O DATE 11-25-85 PAGE 3 of 5
~

WELLMAN DYNAMICS CORPORATION EMERGENCY PHONE: (515)782-8521 (24 Hours)
(. U.S. ROUTE 34 P.O. BOX 147 CHEMTREC ASSIST: (800)474-9300'

CRESTON, IOWA $0801-0147 ATTENTION: James A. Lauer' j
'

INHALATION (Continued): and chromium (VI) oxide are currently believed to be !

non-carcinogens. Avoid exposure to dust or fum,es of chromium as the form ,

chromium may be released is unknown. Inhalation of copper dust in animals
has resulted in adverse changes of the red blood cells, liver pancreas and
lung cells. Chronic magnesium poisoning may result f rom the inhalation of
fumes or dust from magnesium. Exposure to manganese dust or fumes may result
in uoper respiratory inf ections pneumonia and chronic poisoning. Silver com-
pounds may be irritating to the, skin and mucous membranes. Thorium is.a
suspect human carcinogen due to it's radioactivity. Avoid inhalation of thorium !

dust or fumes. Pulmonary granulona in zirconium workers has been reported.
SYSTEMATIC AND OTHER EFFECTS: Machining and grinding castings is noisy. If

noise is at or above 85 dBA, a hearing conservation program in accordance j
with OSHA regulation should be implemented. Castings containing thorium '

should be handled as a radioactive material in accordance with State / Federal i
regulations.

VIII. FIRST AID

EYES: Irrigation of the eye immediately with water. Metal particles should be
removed by a trained individual (ie: physician, nurse).

SKIN: If irritation develops, seek medical attention.
,

INGESTION: N/A[ .

!INHALATION: Hove to f resh air if breathing dif ficulty is caused by inhalation
of metal dust or fumes. Seek prompt medical attention. j

IX. HANDLING PRECAUTIONS
|

VENTILATION: Machining, grinding, flame cutting or welding on the casting may i
put cont.aminants in the air. Provide general ventilation and/or local exhaust
if necessary to maintain concentrations below the TLV/PEL. If material becomes -

wet, provide adequate ventilation to disperse any hydrogen gas formed. i

RESPIRATORY PROTECTION: If concentrations exceed the TLV/PEL, wear a NIOSH
approved respirator for the specific dust or fumes being exceeded.

EYE PROTECTION: Use safety glasses with side shields and/or faceshield for
exposure to particles (ie: grinding) . Use welding goggles or helmet .for welding. ,

PROTECTIVE CLOTHING: Use general work gloves while handling castings. Wear a
,

protective apron and gauntlets if arc-air gouging, cutting, or velding on-

castings. If noise is at or above 90 dBA (9 hour Time Weighted Average), wear-

ear muf fs or ear plugs with sufficient attenuation to reduce noise exposure
- below this level.

X. ADDITIONAL INFORMATION-

SPECIAL PRECAUTIONS TO BE TAKEN IN HANDLING fi STORACE: Practice reasonable care
( in handling to avoid product damage and/or personal injury. Store product in

a dry location. See National' Fire Association bulletin NFPA-48, " Standard for .

the Storage, Rand 11ng and Processing of Magnesium" and bulletin NFPA65, " Standard
for the Processing and Finishing of Aluminum" for.. detailed information.

"h' I h Y b,
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. ;

'NO. l' REVISION- 0' DATE 11-25-85' PACE 4 of 5
>

WELLMAN DYNAMICS CORPORATION . EMERGENCY FHONE: (515)782-8521 .(24 Hours)~(' , ,
.

LU.S.! ROUTE 34, ' P.O. BOX 147 CHEMTREC ASSIST: .(800)474-9300' 1.

- - CRESTON,LIOWA- 50801-0147 ATTENTION: James A. Lauer

.

NOTICE-

The -information and recommendations contained in' this Mate ial
Safety Data Sheet are supplied pursuant to 29 CFR 1910.1200 of )
the Occupational 1 Safety and Health. Standard Hazard Communications , !

Rule. The-information and recommendations set forth herein
(hereinaf ter "information") are presented in good faith and be-

'lieved to be correct as of. the date hereof. Wellman Dynamics-
Corporation ("Wellman"),; however, makes no representations as
to the completeness or accurr r thereof, and information is
supplied upon the express condition that the persons receiving ,

,

the same will. be required to 'make their own determination as Eo
its suitability for their purposes prior to use. In no event t

Iwill Wellman be responsible for any damages of any nature what-
soever resulting from the use of, reliance upon, or the misuse
of' this information. NO REPRESENTATIONS OR WARRANTIES, EITHER .)

! EXPRESSED OR IMPLIED, OF MERCHANTABILITY, FITNESS FOR A PARTICULAR"

PURPOSE, OR OF ANK OTHER NATURE, ARE MADE HEREUNDER WITH ' RESPECT'
TO INFORMATION OR THE PRODUCT TO WHICH INFORMATION REFERS. The j
information as supplied herein is simply to be informative and {
intended solely to alert the user of the substance which is the - |

*

(~
eral,- State or local regulations concerning the use of this
subject matter of this MSDS. The ultimate compliance with Fed- *

mixture,-or compliance with respect to products liability, rests
solely upon the purchaser thereof. No statements made herein j

shall be construed or interpreted as an admission or statement
of any kind by Wellman that the product or products which are
the subject of this MSDS are in any way hazardous, defective or
in breach of any warranty, express or implied.

.
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}' MATERIAL SAFETY DATA SHEETS (MSDS)
'

~

'

- 30. A REVISION O DATE 11-25-85 PAGE 5 of 5

, . WELLMAN DYNAMICS CORPORATION EMERGENCY PHONE: (515)782-8571 (24 Hours)' ('
-

' U.S. ROUTE 34, P.O. BOX 147 CHEMTREC ASSIST: (800)474-9300,: .

CRESTON, IOWA 50801-0147 ATTENTION: James A. Lauer '

CASTING INGREDIENTS (BY ALLOY SERIES)
CREATER THAN OR EQUAL TO 1%

(0.1% for Beryllium, Chromium and Thorium)

.

I. ALUMINUM CASTINGS

356 A356 TENS-50 A-357 355 C355 A206 A201 535
Al' Al Al Al Al Al Al Al Al
Si Si Be Be Cr Cu Cu Cu. Mg

_ Cr Si Cu Si Ag
Si Si

II. MAGNESIUM CASTINGS

.,hZ3 M ZH62AAZ91C AZ91E AZ92 EZ33A ZE41A
'

KIA HK31A QE22
'Al Al A1 Mg Mg Mg - Mg Mg Mg Mg '
Mg Mg Mg Zn Zn Th Th Th Ag
Zn Zn Zn Zr Zr Zu Zn Zr Zr.

| '' Zr Zr,. .

| QH21 EQ21

Mg Mg
Mn Ag
Ag Zr
Th
Zr

i

.

.
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. BETWEEN: William 01 Miller, Chief ' ''
L License Fee Management Branch

.. ,

Office of Administration *

,

John E. Glenn, Chief
Nuclear Materials Section B '

Division of Engineering and
Technical Programs

LICENSE FEE TRANSMITTAL '

A. REGION'

.

1. APPLICATION ATTACHED

bMdn '9fCICNrn ffhGmdhc-hkn} Corfs.
Applicant / Licensee:

f
Application Dated: ) | f 96V(,

/l 4 . ''

Contr01 No.: 106G51
'

_
. ,

, 4

License No.: 'N p w/
,

,

2. FEE ATTACHED !

Amount: F 3 5 0 ,(' O

: Check No.: ~ LM K,

| hC:Nk . 3.
s

COMMENTS

pCtTddy C& Conhnd on o f R M iCI i
O

% _h , Signed '\N10 ndW b Dn h. N'o-g q gg.) o .

b . Date 1 90 E7 l

'

B. LICENSE FEE MANAGEMENT BRANCH
(

1. Fee Category and Amount: Oh .

-
_,

2. Correct Fee Paid. Application may be processed for: b ..

f tA B .Amendment Ny
Renewal

%t-
License

.
--_

7 ,

Signed *'.

<
'

Date I li 9) '

REGION I FORM 213
(MARCH 1983) J

- .),


