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RE: SEC status for NIOSH# . _.

Dear Sir:

I would like to respectfulty submit a petition for Special Exposure Cohort status for my
Hewsasar the’ . : the National

Bureau of Standards, Van Ness Street, Washington, D.C. from! uniil” |

I am the official representative for | whoon_ |
filed a claim witk the EEQICPA as a sumvmg spouse. Official documentation of
my status as representative is included in her original claim.

There is one petitioner,

My hasthe only claim from the National Bmmu of Standards He was diagnosed
with myelofibrosis, one of the specified cancers (see doc. All, A12) and it appears that
NIOSH will not be able to locate adequate information to corplete dose reconstruction
with sufficient accuracy. I believe this claim therefore, meets the quahﬁcauons tobe
considered for mclumon in the SEC.

Adfter studymg many documents prowded through the FOIA and speaking with a former
National Bureau of Standards colleague of -~ , it is my understanding that during
the years worked at the National Bureau of Standards workers were exposed to
radicactive materials on a daily basis, but no personal monitoring for either external or
internal exposure was available (see doc. Al). My research shows that individual
monitoring most likely began later than If there were records of monitoring prier
1c hese records have been lost or destroyed. At this time, NIOSH has not been able
to reconstruct the radiation doses in the Radioactivity Lab at NBS and it is my firm belief
that radiation doses may have endangered the health of am submitting copies
of research articles co-authored by’ {see doos. A3, Al4, AlS5, Al6, A7),
newspaper articles showing him within fect of radium (see docs.A3, A4) and pictures
taken of him working with Dr, AV, Astin and Leon Curtiss (see doc. A18, A25). There
are also pictures taken by him of these and other researchers and of projects and locations
at the National Bureau of Standards {see docs. AS, Al19, A20, A21, A22, AJ3, A24).



Documents provided through the FOIA, whick [ have documented and enclosed with this
petition, reinforced some information I already had and provided much new information.
During the time of* smpioyment at NBS, the Radioactivily Lab was located in
the East Building, Building #2 (see docs. A3, A42, A43, A48). Thorium, uranium and
radium are all listed in inventories of the NBS from the carly 1940s until 1946 (see doxs.
Ad49, A50, AS], A52, AS3). Radioactive materials were not used in this building after
1952 (see docs. A7, A43). 1am including the levels of radiation present in 1968 prior to
decontamination. The levels, i and sixteen years after
radioactive materials were no Icngea:used,a:eshochng{seedoc AT, pages 6-9). Many
rooms were so conteminated that floors, windows, doorway frames, doors, and in some
roorns and hallways, three-inch thick conerete floors had to be removed. Four weeks
were spent on atlempting to decontaminate this building. After one hundred 55- gallon
drums weze filled with radicactive waste and removed, there were rooms remaining that
had their doorways bricked over so no one could enter. It is not surprising that no long-
term employees are alive today. Building #2 was approved for demolition in 1976, No
new structures were built upon the sie (see docs. A7 and A48).

In this petition I have inchuded a staternent from Dr. Rosalind B. Mendell who was also 2
physicist in the Radioactivity Lab for two years during the mid-1940s. At the time of my
phone interview with ORAU, December 8, 2004, I was not aware of any living co-
workers, She called me several weeks ago after doing a computer search for

She wanted to reestablish contact with her former colieague. Unfortunately, ¥ had 1o telf
her of his passing. Rosalind is anxious to help any way she can with: _ ,case.
sent copies of all the documents provided through the FOIA for her review. She bas no
doubt that his health was endangered by the work with radioactive materials he
performed at the National Burean of Standards as part of the Manhattan Project (see doc.
Al). After reviewing the document listing the levels of radiation found in Building 2
prior to decontamtination in 1968, document A7, Dr. Mendell stated, “When I read about
the radiation in Building 2, the levels that were reported just about scared me to death, I
amamazedthatl am stltlhere at 84 years of age aﬁerallﬂ;atexposure(seedoc -Al0). In

neutrons. At the time she worked with 1, Dr. Mendell had an M.S. degree from
Cornell University, time in research at Columbia University and a year at New York
Univezsity. She is now a retired NYU Senior Research Scieatist in experimental cosmic
ray physics (see doc. A26) and is the author of many research articles. The titles of these
papers [ am attaching will show her fo be a respected expert, both in the United States
and internationally, in the field of radiation expone.

Attached please find descriptions of work being done at the National Burean of Standards
(see docs. A40, A4], A42, A43, Ad4, A 45, A46, A4T7, A48), materidls present at NBS
(see docs. A49, AS0, AS1, A52, AS3)and research papers wrote while at the
Bureau (see docs. A13, Al4, Al15, A6, A17). ] have included proof of his employment
at NBS from (see doc A54) and a letter written to the selective service
regarding | ow draft number. It states, 7 . of this section,
informs me that he holds a low number in the selective service lists and may receive a
questionnaire at any time. s engaged in research on problems in radicactivity
concernad with nafional defense, of a confidential nature, which would be seriously
delayed if he were called away for a year. This work involves studies of muclear fission as



a source of atomic energy and reqguires the use of highly specialized equipment, which he
has developed and with which he alone is familiar. It would be difficult to replace him
and it wounld require at least a year to train a man to attain the desired proficiency in the
copduct of these investigations. It therefore appears that the national defense is best
served by retaining him in his present work.” The letter is unsigned but, is believed to
have been written by Dr. Leon Cuntiss (see doc. A5S). These maierials are included to
document that work he did was with radioactive materials.

Dr. Mendell is an expert in the field of radioactivity and is qualified to provide testimony
to the fact that as physicists working in the Radioactivity Lab, their exposure levels were
not monitored and that the levels were extremely high. As evidence of her expertise in the
area, attached are research articles where Dr, Mendell is either an author, her work is
referenced or she is cited as an expert (see docs. A27, A28, A30, A32, A33, A34, A3S,
A37, A39). She can also tell you to what elements was exposed during her time
of employment. Dr. Mendell has offered to be available to you by phone, mail or email
for any questions you may have concerning exposure, events and materials was
exposed to in the lab. Her email address is Rbmendell@aol.com, her home address is

) . i} .. If you would like her home phone number, please
contact me and I will send it to you.
In addition to the documents included with this petition, please evaluate documents
already in my claim file as they pertain to my request for SEC status,

Thank you for your time. 1 have the original newspaper articles, pictures and proof of
employment. If you would like me to present them to the Seattle office [ would be happy
to do so. Please contact me if you have any questions or need more information or
documentation. I look forward to hearing from you,

R.es'p?e‘:tfull v

-

Representative for
NIOSH claim #



Special Exposure Cohort Petition U.S. Department of Health and Human Services

under the Energy Employses Occupational : Cenders for Disaase Conirol and Pravention
{!lness Compensation Act Naiional institute for Ocoupational Safsty and Health
OMB Number: 0920-0636 Expires: §5/31/2007

Sial Exposure Cohort Petition — Form B e 10f7

General Instructions on Completing this Form (complets instructions are available in a separate packet):
Except for signatres, piease PRINT allinformation clearly and neatly on the form. A

Please read each of Parts A — G in this form and complete the parts appropriate fo you. I there is more
than one petitioner, then each petitioner should complete those sections of parts A — C of the form that apply
to them. Additional copies of the first two pages of this form are provided at the end of the form for this pur-
pose. A maximurm of three petitioners is allowed.

If you need more space to provide additional information, use the continuation page provided at the end of

the form and aftach the completed continuation page(s) to Form B.

If you have questions about the use of this form, please call the following NIOSH foli-free phone number and
request fo speak to someone in the Office of Compensation Analysis and Support about an SEC petition:
1-800-356-4674.

&3 A Labor Organization, StartaiD on Paged

Fyou {1 An Energy Employee (cumrent or former), StartatC  on Page2
are: 10 A Survivar {of a former Energy Employee), StartatB on Page2
'3 A Representative (of a current or former Energy Employee), Startat A  on Page 1

Representative Information — Complete Section A if you are authorized by an Employee or

Survivor(s) to petition on behalf of a class.

A5 Telephone Number: (.~ .

A1 Are you a contact person for an organization? O Yes (Go o A.2) W No (GotoA3)
A2  Organization Information: '

Name of Organization

Position of Contact Person
A3  Name of Pefition Reoresantativa-

MI’IMT\:’wm,wum N e o Middie initial Last Name
A4 Address:

Stree. At P.0.Box

City State Zip Code

A8  Email Address: ] )

A7 E Checkthe box at left to indicate you have attached fo the back of this form written authorization fo
petition by the survivor(s) or employee(s] indicated in Parts B or C of this form. An authorization
form for this purpose is provided.

...... gl e

Name or Social Securify Number of First Pefitioner: _



February 1, 2005 -
To Whom It May Concemn:

1 give permission for my daughter, to act as my representative in any
areas of my BEOICPA claim. This includes petitioning for SEC status.
Sincerely,



Special Exposure Cohort Petition U.S. Depariment of Health and Homan Services:
under the Energy Empioyees Occtipational Centets for Disease Contral and Prevention
liness Compensation Act National Institute for Occupational Safety and Health
OMB Nurnber: 0920-06839 Expires: 05/31/2007
. Special Exposure Cohort Petition ~ Form B Page2 of 7
. Survivor Information — Complete Section B if you are a Survivar ar representing a Survivor,
B.1  Name of Survivor: ~
h iy .
Mr@rs;ms. rirst Name Middle initial Lasi Name
B2  Sccial Securify Number of Survivor: — -
B.3  Address of Survivor: -
Street T Apt# P.Q. Box
City State 4 ZipCode
B4  Telephone Number of Survivor: o
BS  Email Address of Survivor: - ——
B.6  Relationship to Employee: ﬁ Spouse 0 SonDaughter O Parent
Grandparent 0 Grandchild

c2

C3
C4

C5
C6

c7
C.7a

C.7b
C.7¢
C.7d

' Cle

Name or Social Security Number of First Petitioner;

Employee Information — Complete Section C UNLESS you are a [abor arganization.
Name of Emg\loyee:

(WryMrsMs. First Name Middle tnitial Last Name
Former Name of Employee {e.g., maiden nameflegal name change/other):

Mr./Mrs./Ms. First Name Last Name

Social Security Number of Empioyee:
Address of Employee (if living):

Middle initial

Street T Apt # P.0. Box

City Swte Zip Code
Telephone Number of Employee: (1 W /A
Email Address of Employee: N/A

Employment Information Related to Petition:
Employee Number (if known):

Dates of Employment: Start
Employer Name:

S
work Site Location: _Natianal Bureas of Standards Fefiaget™™!

Van Ness Street, WGshmmd:oh D.C. 5‘4‘3 “{4
tast Bldg

! End _—

.

Supervisor's Name:




e LT

Special Exposure Cohort Petition U.S. Department of Health and Human Services |

under the Energy Employses Cecupational Centers for Disease Control and Prevention
#iress Compensation Act National Instinste for Occupational Safety and Heaith

. , OMB Number; 0820-0639 Expires: 05/31/2007
Special Expostire Cohort Pefition — Form B Page3of7

Labor Qrganization Information — Compiete Saction D ONLY if you are a iabor organization,

D.1  Labor Organization Information:

Nams of Organization

Position of Contact Person
D2  Name of Petition Reprise e

D.3  Address of Petition Rep}'esenmive:

Strest Apt # P.0O. Box

City State Zip Code
D4  Telephone Number of Petition Representative: [ -
D.5 Emall Address of Petition Representative:

D.6  Period during which labor organization represented employees covered by this pefition
{please attach documentation): Start End

B.7  identity of ofher labor organizations that may represent or have represented this class of
employees (if known):. . . .

Name or Social Security Number of First Petifionsr. ' \




Special Exposure Cohort Petition ~ U.S. Department of Health and Human Services

under the Energy Employees Deoupational Centers for Diseass Controland Prevention
Hiness Compensation Act _ . Nationad institte for Oocupational Safety and Health
) OMB Number: 0820-0639 Expires: 05£31t200?

Special Exposure Cohort Petition — Form B o 4of7
Proposed Definition of Employee Class Co«ered by Petition — Complete Section E.

Name of DOE or AWE Facififty: vis 0 _
.S'\' washt n%‘h’)r\ B.

E.2 cations at the Facility relevant io t% 1%%?5‘;’1
ek a 3 g #2)

E.3 List job titles and/or job duties of employees included in the class. In addition, you can list by
name any individuals other than petitioners identified on this form who you believe should be

included in this class:
J\us fTal}

E4  Employment Dates relevant to this pefition:

Start End —_—
Start End
Start End
ES Is the petition based on one or more unmanitorad, unrecorded, or inadequately monitored or
recorded exposure incidents?: X Yes 2 No

If yes, provide the date(s) of the incident(s) and a complete description {(atiach additional pages
as hecessary):

See_doc. Al £row. Dy, Rosalind Mendell

Name or Social Security Number of First Petitioner: _ ) P



Special Exposure Cohort Petition . U.S. Department of Health and Human Services

under the Energy Employees Occupational Centars for Disease Conlro! and Prevention |

liness Compensation Act. National Institute for Occupational Safety and Health

L " OMB Number: 0920-0639 Expires: 05/81/2007

Special Exposure Cohort Pefition — Form B Paga5of7

F Basis for Proposing that Records and Information are inadequate for Individual Dose —
Compleie Section F.

Complete at least one of the following entries in this section by checking the appropriate box and providing
the required information related fo the selection. You are not required to complete more than one entry.

F.1 ® YWe have attached either documents or statements provided by affidavit that indicate that
radiation exposures and radiation doses potentially incurred by members of the propased class,
that relate to this pefitior, were not monitored, either through persona! moniioring or through area
moniforing.

(Attach documents and/or affidavits to the back of the petition form.}

Describe as completely as possible, to the extent it might be unclear, how the attached
documentation and/or afidavii(s) indicate that potential radiation exposures were not monitored,

vnoterials delbtveved.”

gt
F.2 0 I/We have aitached either documents or statements provided by affidavit that indicate t?:at
radiation monftoring records for members of the proposed class have been lost, faisified, or
destroyed; ar that there is no information regarding monitoring, source, source ferm, or process
from the site where the employees worked.

{Attach documents and/or affidavits to the back of the petition form.)

Describe as compietely as possible, to the extent it might be unciear, how the attached
documentation and/or affidavit(s) indicate that radiation monitoring records for members of the
proposed class have been lost, altered illegally, or destroyed. S

Name or Social Security Number of First Petilioner: _ '

; £S5 tuwatror




Special Exposure cohort Petition U.S. Department of Health and Human Services
under the Energy Employees Occupational cemarsformseaseConvdandevenﬁm
Hiness Compensation Act - Naﬁona”nstrwtefor%wpmlsafetyandmamj
' OMB Number: 6926-0638 Expires: 05/31/2067

Appendix — Continuation Page
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Attach to Form B if necessary.

Name or Social Security Number of First Petitioner: -




[Special Exposure Cohort Petition U.S. Department of Health and Human Services
under the Energy Employses Occupational Centers for Disease Control and Prevention

liness Compensation Act National Institute for Occupational Safety and Health

e ‘ OMB Number: 0820-0639 Expires: 06/31/2007
pecial Exposure Cohort Pefition — Form B Appendix =~ Continuation Page
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% Attach to Form B if necessary.
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Name or Social Security Number of First Petitioner: ) _ —_—



Special Exposure Cohort Pefition U.S. Department of Heatth and Human Services

under the Energy Employees Occupational - Centers for Disease Conirol and Prevention

. }Wness Compensation Act National institute for Qccupational Safety and Hesith
. . OMB Number: 0920-0635 Expires: 05/31/2007

. Special Exposure Cohort Pefition — Form B Page G of 7

F.3 O IMWe have attached a report from a health physicist or other individual with experiise in
radiation dose reconstruction documenting the limitations of existing DOE or AWE records on
radiation exposures at the facillty, as relevant to the petition. The report specifies the basis for
befieving these documented Emitations might prevent the completion of dese reconstructions for
members of the dlass under 42 CFR Part 82 and related NIOSH technical implementation
guidelines.

{Attach report to the back of the pefition form.)

F4 D 1We have attached a sclentific or technical report, issued by a government agency of the
Executive Branch of Government or the General Accounting Office, the Nuclear Regulafory
Commission, or the Defense Nuclear Faciliies Safety Board, or published in a peer-reviewed
journal, that identifies dosimetry and related information that are unavailable {due io either a lack
of monitoring or the destruction or loss of records) for astimating the radiation doses of
employees covered by the petition.

{Attach report to the back of the petition form.)

Signature of Person{s) Submitting this Petition — Complete Section G.

G
All Petitioners should sign and date the petition. A maximum of three persons may sign the petition.

OURIOLHY 7 —laihe
.’ Sighawre voume —
Signature Date
Notice: Any person who knowingly makes any false statement, misrepresentation, concealment of

fact or any other act of fraud o obtain compensation as provided under EEOICPA or who.
knowingly accepts compensation o which-that person is rictentitled is subject to civil o

S ofe- - administrative remedies as well as felony criminal prosecution and may, under appropriate
criminal provisions, be punished by a fine or imprisonment or both. | affirm that the information
provided on this form is accurate and true.

Send this form to: SEC Petition
Office of Compensation Analysis and Support
NIOSH
4876 Columbia Parkway, MS-C-47
Cincinnati, OH 45226

_ . .
Name or Sccial Security Number of First Petitionsr: _ o —



Special Exposure Cohort Petition U.8. Department of Health and Human Services

-thelow.

under the Energy Employees Occupational Centers for Disease Conirol and Prevenfion

Hiness Compensation Act . fationat Insfitute for Occupational Safety and Health

. OMB Number: 0320-0639 Expires: 06/31/2007

Special Exposure Cohort Petition — Form B Page 7 of 7
Public Burden Statement

Public reporting burden for this collection of information is estimated to average 300 minutes per response,
including time for reviewing instructions, gathering the information needed, and completing the form. If you
have any comments regarding the burden estimate or any ofher aspect of this collection of information,
including suggestions for reducing this burden, send them to CDC Reports Clearance Officer, 1600 Clifton
Road, MS-E-11, Atlanta GA, 30333; ATTN:PRA 0920-XXXX. Do not send the completed petition form 1o this
address. Completed petitions are to be submitted to NIOSH at the address provided in these instrucfions,
Persons are not required to respond to the information collected on this form unless it displays a currently
valid OMB number,

Privacy Act Advisement

In accordance with the Privacy Act of 1974, as amended (5 U.5.C. § 552a), you are hereby notified of the
following:

The Energy Employees Occupational lliness Compensation Program Act (42 U.S.C. §§ 7384-7385)
(EEOICPA) autharizes the President to designate additional classes of employees to be included in the
Special Exposure Cohort (SEC). EEOICPA authorizes HHS to implement its responsibilities with the
assistance of the National institute for Occupational Safety (NIOSH), an Institute of the Centers for Disease
Confrof and Prevention. Information obtained by NIOSH in connection with petitions for including additional
classes of employses in the SEC will be used to evaluate the petition and report findings to the Advisory
Board on Radiation and Worker Health and HHS.

Records containing identifiable information become part of an existing NiOSH system of records under the
Privacy Act, 08-20-147 "Occupational Health Epidemiclogical Studies and EEQICPA Program Records.
HHS/CDC/NIOSH.” These recards are treated in a confidential manner, unless otherwuse ‘compelled by law.
Disclosures that NIOSH may need to make for the processing of your pefition or other purposes are fisted

NIOSH may need to disclose personal identifying information fo: (a) the Department of Energy, other federal
agencies, ather government or private entities and to private sector employers to permit these entities to
refrieve records required by NIOSH; (b) identified witnesses as designated by NIOSH so that these
individuals can provide information to assist with the evaluation of SEC petitions; (¢) contractors assisting
NIOSH; (d) collaborating researchers, under certain timited circumstances to conduct further investigations;
(e} Federal, state and local agencies for law enforcement purposes; and (f) a Member of Congress ora
Congressional staff member in response {o a verified inquiry.

This notice applies to all forms and informational requasts that you may receive from NIOSH in connection
with the evaluation of an SEC pefition.

Use of the NIOSH petition forms (A and B) is veluniary but your provision of information required by these
forms is mandatory for the consideration of a petition, as specified under 42 CFR Part 83. Pefitions that fail io
provide required information may not be considered by HHS.

Name or Social Security Number of First Petitioner: _
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Letter of application for SEC status

Special Exposure Cohort Petition

~ Petitioner, Surviving Spouse of
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Documents Supporting SEC Petition

Al

A4

. A6

A7

A3

A9

Mengdell, Rosalind B. (March 25, 2005), physicist, former colleague of
Burrell W. Brown in Radioactivity Lab at NBS. No monitoring done during mid
1940s, several unusual exposures, concern for health. (Correspondence)

U. S. Department of Commerce, National Bureau of Standards (1957)
Protection Against Neutron Radiation Up To 3¢ Million Electron Volts,
Handbook 63 p.11-14 (Source: FOIA request)

Miller, James N. (1936) Scientists Find Device To Protect Radium Workers From
Death-Remote Laboratory Is Used for Research Activities With Valuable Metal
The Sunday Star, Washington, D.C. (From private archive)

Hunting Priceless Radium (1934) clipping from unknown newspaper picture of
Burrell Brown with caption describing his use of a radium detector (From private
archive)

Giant Balloon Tests Weather Device. Newspaper pictore and caption. Dr. Astin,
Dr. Curtiss and LL. Stockmann. The Sunday Star, Washington, D.C.

Uncle Sami’s Radium Girl pioture of Miss Constance Torrey of the Bureau of
Standards measuring and testing radium, bare hands, within six inches of her
torso. (From personal archive)

Schwebel, Abraham (1968) Memorandum: Release of Buildings at Van Ness
Street Afier Decontamination, U. S. Department of Commerce, National Burean
of Standards. Information on decontamination of the Radioactivity Lab and levels
of radioactivity before and afier decontamination p.6-10 (Source: FOIA request)

Little, Marshall S (1968) Radiological Health Division. Final Report of
Radiation Protection Evaluation of Washington Technical Institute Buildings,
Formerly Occupied by NBS. (Source: FOIA request)

Brink, J.V., Bareau of Public Health Engineering (1968) Letter to Robert S.
Wallegh, Associate Director for Administration, NBS, Gaithersburg, Maryland.
expressing concern that afier the District of Columbia took possession of six
buildings from the General Services Administration it was found that building #2,



AlD

All

A2

Al3

Al4

AlS

Alb

Al7

AlS

AlS

the former Radioactivity Lab, had several rooms sealed with CRM warning tape,
monitoring disclosed significant alpha contamination in rooms 519,520 and 521,
beta-gamma contamination on the floor and significant alpha contamination on
one rafter. (Source: FOIA request)

Mendell, Rosalind B. (April 18, 2005), physicist. Email regarding high levels of
radiation in Building #2. (Correspondence)

Turcic, P.M. (2003), Director of EEQICPA, Additional Cancers Considered as
Primary Cancers. EEOICPA Bulletin No. 03-11. “Action: The CE should
consider: (1} myelofibrosis with myeloid metaplasia...to be bone cancer, which
is a specified primary cancer per EEQICPA Section 73841 (17) (B).”(NIOSH web
site}

NIOSH (March 15, 2005) Case Stats Report for Burrell W, Brown, NIOSH
tracking murber 009908. Myelofibrosis with myeloid metaplasia verified by
DOL. Report sent to Elizabeth L. Brown (surviving spouse) and Virginia {Ginny)
L. Bond (personal representative for Elizabeth Brown and daughter of Burreli W,
Brown. (Cormrespondence)

Curtiss, L.F., Astin, A.V., Stockmann, L.L.& Brown, B.W. (1930). An improved
radio meteorograph on the Olland principle. Journal of Research of the National
Bureau of Standards, Volume 22, January 1939. (Source: NIST Library}

Curtiss, L.F., Astin, A.V., Stockmamn, L.L. & Brown, B.W. (1939). Cosmic-ray
observations in the stratosphere with high-speed counters. Journal of the National
Bureau of Standards, Volume 23, November 1939. (Source: NIST Library)

Curtiss, L.F.& Brown, B.W. (1945). Frequency meter for use with the Geiger-
Muller Counter. Journal of Research of the National Bureau of Standards,
Volume 34, January 1945, (Source: NIST Libraty)

Brown, B.W. & Curtiss, L.F. (1945). Thin-wailed aluminum beta-ray tube
counters. Journal of Research of the National Buréau of Standards, Volume 35,
August 1945. (Source: NIST Library)

Cartiss, L.F. & Brown, B.W. (1946). An arrangement with smali solid angle for
measurement of beta rays. Journal of Research of the National Bureau of
Standards, Volume 37, August 1946. {Source: NIST Library)

Photo taken on the roof of the National Bureau of Standards. Burrell W. Brown is
the man on the left. (From privaie archive}

Photo taken by Burrell W. Brown. Notation op back: “May 27, 1936, Equipment
on the upper shelf is the receiver and automatic recorder. Dr. A. V. Astin shown
at the controls.” (From private archive)



A20

A21
A22

A4
A2
A26

A27

A28

A29

A30

A3l

A32

Photo taken by Burrell W, Brown. Notation on back: "May 27, 1936. The
penthouse on the roof of the West Bldg, At the National Bureau of Standards. Dr.
L. F. Curtiss inspecting the record.” (From private archive)

Photo of Dr. L.F. Curtiss, Augnst 1937, (From private archive}

Photo taken by Burrell W. Brown. Shows roof of National Bureau of Standards
with balloon, device, men. (From private archive)

Photo taken by Burreil W. Brown of roof of NBS. (From private archive)

Photo taken by Burrell W. Brown from National Bureau of Standards. (From
private archive)

Photo of Burrell W. Brown as a young man at the National Bureaun of Standards.
(From private archive)

NYU Physics Department web site, Dr. Rosalind Mendeli. Photo with contact
information listed. (New York University)

Wilson, J.W., Simonsen, L.C., Shinn, J.L.., Dubey, R.R., Jordan, W. & Kim, M.
(1997). Radiation analysis for the human lunar return mission. NASA Technical
Paper 3662, p.6. September 1997. (See reference #15, Mendell, Rosalind)

Wilson, J.W_, Goldhagen, P., Rafasson, V., Clem, J.M., De Angelis, G. &
Friedberg, W. Overview of atmospheric ionizing radiation (air) research: SST-
present. Authors from: NASA Langley Research Center, DOE Environmental
Measurements Laboratory, University of Ieeland, Bartol Research Institute, Old
Dominion University, Istituto Superiore di Sanita’ , Rome, Italy, Civil Aerospace
Medical Institute, FAA. (See p.11, reference: Mendell)
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‘From: Rbmendell@aol.com [Add to Address Book] [View Sonrce}

To:
Subject: | .and Radiation
Date: Fri, 25 Mar 2005 20:29:56 +0000

To whom it may concem:
7
and | shared the same laboratory on Van MNess Street in the National Bureau of Standards
dunng World War fl. 1did remernber in years gone by that our laboratory was locaied on: Van Ness | didt
not remember the buliding number, but the documents which | have now seen show that it was the rious
Building Number 2.

I asrived in Washingion in when my husband was transferred frorn Camp Crowder in Neosho,
Missouri, to Washington D.C., where the army frained him first at Catholic University in Japanese and then in Vint
HiRt, Virginia, in preparation for cryptography. | left Washington in when my husbatd was released fmmﬁK
US army six months after the end of WWIL

Shortly after | arrived in Washington, | was hired by Leon Curtiss of the National Bureau of Standards 1o work
on the alpha particle spectroscopy of "W Metal.” Such was the degree of secrecy {classification) of the
Manhattan Project in our area. In principie, | was nof kept informed about the nature of my research. | knew that |
was working on a project involving arlificially induced fission of uranium only because 1 knew the energy of aipha
particles from U235 and U238, because ! could see the occasional huge pulses from natural fission of uranium,
and because | was measuring the gradual enrichment of 235 alpha particles relative to those from U238, After
all, my M.S. from Comell University was in experimental nuclear physics. The information that | needed for my
hypotheses had appeared in the physics joumnats before all such information became classified. As time
progressed, | observed the enrichment of U235 relative to U238 from my measurements. My data was being
used by Oak Ridge in relation {o their enrichment program that used gaseous diffusion of uranium. Uranium
enrichad with U235 was eventally used in the fission bomb that feil on Hiroshima,

sxperiment involved special Geiger counters. My brief record of that period tells me that | also
did some work with special Gelger counters, but my chief recollection was of electroplating the solutions of
uranium salt and then putting the samples in my ionization chamber for measuring the energy and counting rates
of the aipha particies.

In those days, there were no badges to monitor our exposure to radiation; and samples were brought into the
laboratory without information as o the nature of the materials delivered. { do remember one incident of
frightening proporticns. One day a large glass case, about § feet high, was rolied info our taboratory not too far

from my equipment. The case contained rather farge thin pieces of shiny metal. At some point during the day,
began to fill his experimental geiger counter with gas generated in his glass apparatus. The laboratory
was rather larae and experiment was at the other end of the laboratory from my apparatus and the glass
case. When umed on his electronics, he was shocked to find no geiger counts from natural background
radiation. He sald that something was wrong with his apparatus; he began making tests. Nothing worked.

Eventually { made a suggestion. "Let me roll the glass case out of the room, and we'll see what happens.”
What did happen was that sounter began fo count furiously once the case was out of the laboratory, with
the door closed. In short, tne radiation coming from the giass case had swamped the geiger counter across the
laboratory and was causing maximum geiger counts even when removed from the laboratory. | do not know how
many other cases we had of exposure 1o unusual doses of radiation froni apparatus rolled into the laboratory, but

- this-one-was enoughi to cling to my memaory for 60 years.

Another incident has clung to my memory over the years. | was not involved with a room that was used to
store radium in vials., Evidently, was still working with radium.  One day over the box-lunches that we ate
in our Jaboratory, expressed his concern over the radium room. He loid me thet vials of radium had burst
from the build-up ot gas in the vials (it must have been mostly alpha particles tumed info helium gas and some
radon), and how there was a radium spill all over the room. He was concemed that he might have fo be the
person 1 clean it up, and he was most unhappy at the prospect because he wanted to have children. | fear for
the extent of radium clinging to clothes during that period.

Our othar exposure came from handling radicactive material from Oak Ridge. [ do know that in addition,

was involved in the radium program, with which | had no involvement. | was shocked fo learn recently
froin the documents of the degree of contaminafion in Buildng #2. But | suspected the hazards of our exposure
over that time, | was especially concermned because as the war was drawing to 2 close, | wanted very much to
?&gin having children. [ finally thought that { was pregnant just about the time that my husband was given a
ough.
Back in New York, | visited my familv physician, who had become a gynecologist.

http://mailcenter2.comcast.net/wim/toolbar/notherme . hinl 3/26/2005
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t had much more faith. it took sighteen months for me to finally hold
my daughter Laura in my arms. ARerLaura, | had a miscariage. And after giving birth to Henry, | suffered three
more miscarriages efore accenting the reality that ! would never have another live child.

{ have recently heard that was diagnosed to have zero sperm count affer his years in the
Radiation Lab and that their desire tor cnudren led and hig wife fo adopt his fovely daughter. Lateron
and his wife did have one biological chiid. Did he long for more children.? | only know that | did long for at
least one more live birth that never came. | recently read Barbara Goldsmith's book on the sad life of Marie Curie
and what radium did to her body. it is sad that while we did take precautions, we were not yet well enough
informed to fully understand the risks that we were encountering.

Rosalind B. Mendell

http://mailcenter2.comeast.net/wm/toolbar/notheme him! 3/26/2005
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Preface

In recent years the number of neufron sources in fhis
country has increaved greatly. It has also hecome evident

that, betause of their Y!ueal es and biolomeal
effects neutyons must regsmi’m p:;ﬁa gpecla
ra&:atmn hazerd, On the other hand, the :Eormulation oi’.
protection regulations is mada difieult beeause
limited experience avaflable and becavse of the
variable output of many neutvon sources, The contenty of
this Handbook sre based on what ig believed to be the best
informstion presently available, and ag soma of this In-
formation Is not easily obtaingble it hag been set forth in
some detall, Becanse of the raﬂid davalopment of neutron.
technolo # wag folt ad to state recommendations
rules in many instances. However, the rules
pmzded (pection TV) are deemed “esgential for proper

prot

Subeotmittes T of the National Committee on Radiation
Prot:echon and Mesgurements has vecommended Bmite for

permiasible dose of ionizing radintions in

NBS Hnndbook $9. Since the gubhcation this Handbook
the Iimits have again come under consfderation by both the

National and the Infernational Committees on Rudiation
Protection, In addition, the Nations) Academy of Sciences
snd the British Madical Rezemch Coumil ve executad
detailed reviews on the offects of io mﬂg rad:at;ons on
human The four groups have a quite similar
YOCOTYTNEN

Tha recomenﬂatmns of this Handbook take Into con-
alderation the stetement of Jamuery 8, 1057, by the Ne-
tional Committes on Radiation Protection and Messure-
ments yeconmmending a substantis]l lowerlng of the maxi-
mum permissible Jevels for rediation workers.t The re-
agmemenu In section 216 are somewhat more swhﬁ

thote given in the Jsnuery statement, Tn addi

the REE’s used for nentmrm ara thoge gf ven previo
although there is some evidence that xi%h.
the present time, Subcommittee M-4 of the NGRP con-
sldering the EBR pmblem. At aoma future t]’i'nn?sme R‘BE’s
in this Handhook need
tive attitude is congidered demrable because much less ia
kaown about biological effects of neutron radiation as com-
pared with X- and gammsa rays,

1MES Techntoad Naws Bulletin &1, 17, 2087; Radiclopr 68, 200, 1037,

#



The scope of this Handhogk extends to nevtron epergles
up to 80 Mov. Although ho mtheoretacal and ental
information is s beyond abont 10 Mev, the |
Himit was chosen hecallsd tiany mﬂtrm Rmm"m‘ﬂ te
within the wider range. The comparatively {

profucing neutrens in excess of 88 Mav usually attein
energies sovera] times as anda subahnﬁalb different
protection problem 13 invo
The subjoct of mevtron protection et reactors has bom
imiped to constderstions & in routine operations, The
probiexm of gafo design and constroction are outside the
of this Handboo!

@ National Committee on Radistion Profection smd
Measurements (originally known ag the Advisory Comraits
tee on X-ray and Radium Protestion) was roxmsd 1820
upon the recommendation of the Intarnational Commisaion

on Radiclogical Protection, 'The Commitice s a‘ponsamd by
the b{:ﬁonal Burean cl'gra gnt;ndards i:;ltt!l goveﬁ:j'njldtegg e
resentatives of mrti organizations,
mspm‘lsm bili t;vm of prepari patablished, %c;lﬂunsinﬂx ﬂ;hﬂm
Ng recomrnan particn-
lar fisld, The veports of the subcommittess are appmwl by
ﬂxe Main Coramittes before publication.

The 1ouuwing parant organfzations and indeus.ls 2o
rise the Main Committee:
Americln College of Radiology: R. H. Chemberlzin and M D

American Dental Amoctation: R, J. Welsan,

Anl}aﬂmnléndmﬁﬂ Hyglene Aesocations E. C. Bames and hA
Amorim Mediuc:i Amelaﬂon ; g.h El?dg wnd B, K. Quimby
Amﬂwa msmg; T G.Evmmdﬁ,n.uweu.

Health P organ and J. W. He

Internatienat Alaoc!a of Govextrunt Lubor Officialg: A. [+X
Blatkman and L R. Tnbau}uw

Nagﬂua?\ RBorean o£ Standarde: L. 8. Taylor, Chefrrean, mnd

Naﬁonal Elsctrical Msnafscturers Agsodiation: J, A. Reynolds

mmoglm Boclaty of North America: G B. Brsastrop and B

oy
U, & Ale Hovest R, ¥, Lechuyese, Cal,

S.A Cal,
e m‘ E' ;-%C:omminiomw.n.(ﬂmmdc L» Dunhem.
II.S.N :s F 1lliun!.ca

¥, 8, Publle Health Servion; Y1, L Andrews and €, Powell, -

3.C.H G. Pallla, Ehields Warren,
mymmtmmaﬂnm A %‘{{m - n,

Subooramities chalroient Sea helow.
v

_— 4 e————

N

" Bubtommittee M-1, Stan

The following ara the subeommittees and thelr chatrmen:

Svbcommdtice 1.
Subcomnmittes 2 ﬁﬁ%g?ﬁmﬂom kel 803‘,!1‘“‘
Subcommities 8, x-nys tn’l'woMﬂlion Volts, T, B, Eberhard
Suboommittes & Hesvy Beriidh {Nentrons, Protons, sng
8o 5 Hewlaﬂ H H. Rossd,

heomimittes 5, Elmmhm $du s R v}m and Xeraya abovo Two
Suhoommities 8. EEM w:‘! ioaigﬂ\r{ Ts0topos and Fiasion
Suboommittes 7. Menitoring Matreas nd ‘Tntruments, K. 1,
Subcommittea 8, W}ita Dispossl and Decontaminetion, J. H.
Seheammities 9 Sactia:

Protection Ag’ainst Radiations
cowe-aob Contninsh T Radiurn

Subeommitize 10, Reﬁj:lat!ﬂn of l‘lsdllal‘.!br on Exposare Dosq,
Fubeonmmittes 13, Incinera!!m 0‘! Badiouctlve Waste, G. W,

Sobrommlitee 12. Blest; Pmt Bhkages,
Subeoramitiee 13, .s:at‘em linxecgf%a%msvem Uontalnimr Redio-

Hibtommitiss 14, "S;",; ahaibie E‘ipm?wm?&gegam Emergency
md He%gmre%ent o?KRndloacuvﬂ;y

for Rndlolo 2
cﬁmémﬁnt of Radlologiesl

Subeomanittce M2 Standavds

Seboommlttes M-3. § ond ﬁmurement nt Absorbed Re-
dlal Dcise, H,

Subtommittee 3-4, Relative Blologieal nm’!vm.. W. Langham.

The &rgg;t Handhools wes prepared by the Subcommit-

Partidles (Neotrons, Protons, and
The fo]lowing are the sabcmmitbee members: Hengler).
Timbia
E “‘3‘3’%’&@ 'fﬂhmunmmiium
R. S cuw National B of Standardy,
F. P, Cow, N tonal Labaratoyy,
DR Co e Institution.
T. G Bvans, ﬂtm\ niv of lowa,
E. % ﬁ vzn tﬁmﬂ I.a 1Y,
V.6 s." ek Eitas Roetior Laosstory:
A Tomian Uatrers o!%aﬂt:rlui;:hmwm

Avalued eontribution 10 tha sarly worl of the Commities
way made by T. N, White, Log Alamos Selentifie 'Lehora-

tory, now
A. V., Asti, Direator.
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Protection Against Neutron Radiation
up to 30 Million Electron Volts
1. Introduction
L. Definition of Termy
The following definitl I
o fol g ommﬂglven g{mrposeaofclari-

fleation of tha contents of this gome inztances
they may differ somewhat from common use,
mmfeeessary mog essential to meot currently accepted

Should. Is raoomm&nded. Indientes advigory require-
merts thet m l};basppﬁed when, praaticabl

dosa nizing
tion s the energy tt:r A tolis.

o fonizing particles
ﬁgunitmaasofhmdiatedmtaﬁ atbheplaceof
est. The absorbed dose Is messured jn rads, In this
k the will be used to express the energy
sorbed xramoftmsuaofmnmosi ons given in 5.1.
Aeeelemtor A davice for im ,pa.rﬂnz lavge ?dnetiu e.mrg?
to ﬁsar]fed purticles auch ag electrons, protons, deuterons,
an
Accessible losatlon. Any reglon around & uouree of im-
izing radiatlon that can be reached without
struetures

w
aq‘mibthmt uge of spectally desighed thols not
Ane Abnoni;;s.ﬂy low nunber of red blood corpuscles

Bérn, A of area uzed Iy, expressing & wuclesr eross
section. 1 bam-l(r" cm®, Cross sectiony por atom are
eostomarily messuyed § n barns,

ure, A process whie.h nentron becom
of?f; nucleus with which it eollldes without rem
anothey heavy partlele,
L L Gt b e
b urs of persoimel o va n oY oactive
materis Is uader the swpervision of & radlation gately

Crosg section, Effective targat oven for speaﬂed naclear
interaction, The oross section i & maaaura of tha nrob-
ability for ‘the mtamtion 1t is expressed in barns,

Dose, Az nsed in thiy Handbook, elther sbsorbed dose
orRBEdosa.Doaesanddoserateswﬂlhasaidtnexist
at sme ink in spees even if tissue may not actually

at such & point. Tn such instances such doses

1



snd doga the maximum ones that wouwld he
obtalned ln A w-an-thlek infinite sloh of tisgua. (se¢

rab:ﬁ.’rhnrah of dose ddlnr%dnvm over a
[e.g, jgsﬁ"??"““"“ of & pul r:?;i m?a.tor m
excecds loge
u-erag\ed ow' 1 hour, Thgthugxm may bo&hégher than

mteavmgeéwar wad ¥ 0¥ 0DeTa-
fion I8 ntormi e

Elastie mmrll Collisfore. n which the

¥inatle
mergy of e tclens fs ymch the col-
Haionohzﬂd the nudevz 1: !eftl; ;he mw K b:f

Viglon,
M%mwtw) Adaunhi::ofw H:otlw
* pardh ons
‘when it parxes mnmnmﬂmn spotmtialdlfmmea
of 1 volt 1w-1.mxwa [3+3

Temporary or ﬁerm & yemoval of halr,
g'ﬂmﬂ:'wuﬂ’ ben of th 'mvmmm“
e Bles 2
2l garo .hﬂuﬁlnc! the glands mofothar-ctrﬂchzmde-
Bryihema. Reddening of the sidn, primarily due to dbr
Iation d!nmntlbimd:é‘ualsmdalsopdmmoﬂm:

mmmax-mmmm
tiomnp!m of the tadlation which
13 bazed npem its a}aima ta producs fonfsation,
Fast oeotrons. Neutrons of e between 10 kev
and 10 Maw,

Gemet&Amutmgsmeﬂ,mchumunl’erﬂM

°:::: imsatkfneﬂ which charisea % axcitation
8 By C anergy
oftheuigvtnndm, bseqmtrelundsnma
o neulrond, Wentrons of energles hetwesn
0,5:7 % 10 kev.
u‘:‘;i?w"’“"m"' tentlal aqual fo
1000 ol %« ean”x%m;ammm-
-mmmwwnr st this potentisl,
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B0 days usfm!].yappued(
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Lonk
with greatly increassd produﬁlon of whita bloed calls:

nvasive, am detariorati he
dther mnh%m}grawhm I8 TR ey

Linear ex tranafey (LET), The linear rate of logs
Tl Shanced by . Tonime ot

treversing s mntorial moediu,
Lymphooyte, mﬁi variety of white bleod celt formed in
gr lymptiold Usaue. The nueleys s
umnndedbyathlnlmroreym lasm
5&:}&} is nongranwlar, Average life apan 5 rela

Millton electron volt (Mev), 1 milion elettron volts
Modemhir. Materlal used n s nucleay yeastor to moders
uwdowu,m mtmnio!ﬂx e high el:t;rzie”'c
rong Joas querpy by scatier
h%mmsim wfd nuclel of the my erstor.
wtmn tlux, The nuniber of nestrons which, par wit
traverse & ephove of untt arpag-sectional area con-
sbont the of intereat, It in waually
o gegt, tarm for this quuntity Is neu.
fron density, Bnt !xa corimon m the tucorract term
”ﬂgM mw o ’l';l:tyw en niglesy particles
een nitalaoy
Iadingtoremwdiﬂem t partioles,
et, A spll colorlesn corpuscle present In
m:mbera in the hlood of all mmls, hellaved to play a
role the clotting

of b
expert- A pemn su!bed w:m and mo-
ove!mmmgm monibo:fng- boast!mn"dgt? the degree amay:éw
diation garding redixtion hozardy
abmmamzmuaqmmmo
Raf{nﬂnn ute(ﬁ”wotuﬁun) officar, An individual

Iu
dma. Produat I‘ beotbed & mongured &
e e A
ctive nen ki neutron sonste
fog of 2 combinebion of s:ad?'ouﬂve nucud:: oxd sy
rosterinls, eutronprod otlon ocours 98 o reslt
of an («.n) or (1.

Helgtive biologleal eﬂaeti &RBE Bio‘loﬁeﬂ 10
tamr of ton a3 com, tgl l‘t fs
mmeﬂmﬂy oquu.l to the toverss of the ratla
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dozen of the two mdla.tim red o prodnuce egual
"hiolo eal effest, The standayd of referenca nsed in this
k 1s 200 kv X-radintion, which thns has ag RBE

f
Relaﬁﬂstic nentrony. Neutwons of energlies shove 10

.'dem. Unit weed fn the descxiption of radicbislagieal
offects on man, The doge In rema fs womerically egqual
t¢ the produck of the sbserbed dose in rads and the
valug of the RBE applicsble for the radiation in question,

T T, S o this o
gilibrium surronn
o8, nowtrons with enorgies of Tess than 0.5 ey ate melnded

in this category,
Throw go Decmd nuniber of platelets per
oublo mﬂlhnetet of civedlating blood

Week, T consocntive Ga;v
Week, work, An wr combination of time intervals addinz
up to 40 hounrs within 7 consecutive days.

1I. Present Status of ical and Biological
rsetdon ¢

2 Clasgification of Neutrons and Primary Modes
of Juternotion

21 Neutmns are avallgble from varlous types of

M from about
%fet? 16¢ ev, a g%thn a of a wia.ﬁ?‘tor of lo‘;t
Is ght’gfegre oonmﬂent to base the classification of nen-
tyons on enargy intervals where certain interactlons pre-
o oot Bhore s + ot dugres
nat o en

of latitode 4:na ehoiae of Ymits, Tha elexifieation vet
forth balow ba adoptsd for the purposes of this

K.

Hamé?o;‘m neutrons. These ars nentrona in thermal
fiibrium with matter, room temperaticre,
which thevafote !w.ve a Mroowellian d.istribution of veioct.

t(ee.'ﬂlu.mst evﬂmitvwmﬂtvdmﬁwin&ﬁs
diatribution isEm(}O mabsrepersecon,

lnsfn
an eneygy of 0,025 ev. mstmstamsitissﬂm
acenxata to std nentrons a3 monpan
with this energy, Tha most important interaction wiﬁ:

4

——— v T it

oatier is capture—usnally with emisel garnms
tion, Omsinally nuclenr rencﬁonsogu‘gl ag (nﬁd%;
fisgl t!%iu may occtr, The N* (n,p) C1 reaction {8 imporiznt

2.8. Intermediate nentrons. The intermedinte oner,

is heve defined as exten from 0. to
%?n abaorptxon gpechrum ofdiﬁgnne inte 5ngv lgykw

retarant pesks smd for this reason the ’oann
“mcmanee naufrons” ig sometimes emp ogai Intermediate
neutrons are usually obtained from 2 modereting material
in which fast neutrons ave slowed down by elastis collisions.
This slowing-duwn process in the most imporiant interac-
ton between Mmtermediate neutmxs and maiter, and it
leadstoaneutronﬁmcmversdy propertions] fo energy~—
the g:l}nlg}om dE{E spectyum, Chpturs and nnclear re-

2.4, Fust netitrong, "The range of fast neutrons will be
considared fo extend from 10 kv o 10 Mew, The vaost Im-
portant intexmetion with matter is olastie sesfiering, At
the npper part of this energy ranse, inglestic aceal
andnu;!grmcﬂansaremm ainﬂ‘equmcybo
elestle acatioring. Althe resonanco phenomens

enr (partienlarly im- Light eiements), crons mﬁomm

slow]y with suergy i genersl,

Belativistie nevtrons, ANl newtzons bayond 10 Mov
energy will be considered relativiatic nentrons. Thelr en-
ergy excoeds e binding encrgy of puc) and for this
168300 ¢OMm Iexnuclearmeﬂonasuchnaspala ion becoms
important. Tn addition, the kinetle energy of neutrons is
an appreciable fraction of the rest enargy, snd relauviaue
carractiona youst be appiled. Elastic 0CCUrS,
but # tends to be mar asymmetric in Ene centor-of-

2,8. The probability of any interaction hetw
any édn neutyons
and matter fs expresged quanﬂh y in terms of grose
secions. The crosa section, o he congidered as the
effective ihe nu

tarpet area of eus i the neutron is
assumndtahave diaragter. I oon‘mmm
n{h %umth velocltyv ee) N
nuc.lei, e xate of Totaractions per lbemrNu
uvisthenemronﬂm:.'rhewssecﬁonls
mbams (10 ant).

2,7. There is & finite cross section for each possible nu
lear iuteractinn In addition, crous sackiong for seattering

Aot o
IM tﬁ&:ﬂ: Mnml i A m&%& &ﬁu:ml fevely patth

§

BT
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procesees may ba fuxthar divided into verions duﬁmﬁﬁu

crogs sections that axpress ﬂla probability for zea

{n & particilar divection. er of nentrons inbers

Ingis determ]ned by the sam of all processes that can take
placs, thet is hy the total cxous seetion, o,

3. Absorbed Dase
8.1, The ene o Hemves 19 the lenl Dasts
Ry ﬁtﬂd Py

for quaniitative nre and bwlcgt
cal oftect. The & Tiss that i impasted 50
.lé:‘ly m&barla! by mnis rgg-mﬁon i danoted as the absorbed

B e, GG wat of i, pes
Mool gt g Rl s e b’md“mﬁ’é

aala 100, ex /g Ona eallivad (mmgariu aue o
by t?ga}}sorx%ed Frdi e pbe v
unis o
International Commigsion ugaﬁmloziw] ‘Units In Copen-

3. tofore, the rep {roen velent-physfeal)
has e o cnbomaIvaly SoF oo apeotiestion of pere.
radxauons othar than X-raya or
ﬁm’" raye. Soveral tions of th mi; have n.npeared.

the literature, but in the senss most widely
lsaunitm!absorbsd dose in soft tsaua withamagn udaof
98 orge/p. The differonca in teagmitude between the rep

{98 er&% ng')’fand the rsd %mﬁjﬁ m n%lgnﬁe in the

the rad fo re erepdoesnotnecesmtatea
tha num es permisafhle dogses stated in mps
Devetefore.

4. Other Dose Units Bployed to Define Exposure

4.1, Akthoogh the prosently recormmendad unit of nevtion
dose {3 the rad, avurieativ %‘.m%‘ther unfts are employed:or

have been
e moat commonly used quantitles §s the

4i2rm0nﬂ§xo the shaorbed dose rate dehvarad by
New ose P
must be

von neutron ﬂm: ds on en the latter
m at eaut m cerbain %ﬁ?&) to make le

an esﬂma doza, The rela

flox znd the a.bsorhed doae veceived by & small amo\mt of
Hssnp (firat colliaton dose) ia given in figure 1.

mwhmm indlaate ihe lterattre referdtiens at the end of thh
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W oondanaey r-matar, on inabvament degigned
foﬁ-;rah; rshavemens s ofun bt bewd to debermtns neubron
exppeare, The “n unit” s onderstood to bo the amount of neutron
T e of X raye. omeginas o diatnetion 1 nade berern
gﬁfn%—?ﬁﬂ';nager mggly%ﬂ unt) and the 100-r chamber (n wunit).

rresponding to 1 n_depends on neutron
e o vess smong Sodividnal chastbors 3y 2+ B0 percent
ot more. Faor nentron eneryies ev and up to

dm? 13 da. AL lowrey x\?ﬁgéﬁ
1o ® ¥ 2 _ra ey oY
ﬁﬁh&“m of Mxobamy bacomen Iavper, The
unit s now obsolete.

5. Interactions Between Meutrons and Tissue

. interactions that occur between neutrons and
tmgu}a a?ﬁ&h“m the composition of the tissue involved,
For purposes this Hemdbook the atomic composition of
the “standard man” has been used to ewaluate the more

bable interactions of neutrons and the atoms of tissue.

o atomie comyponition of the “standard man” iz given in
tabla 1.

TanLn 1, dtomis composition of the “standord wmen” -

alghk, L Atorns Afoma,
245100 X
g 3% % 0003 )
s et b 8 m H

W % ] 0.180 158
Wil - 2188 ' i) ’ 18
Atsy » svnerne 63 ..s m.ﬂlﬂ 5
Eo - 1 » odih )
¥~ : i 5 “toaes gt

f L as '“ 165 a8 K T
o — iR 18 .%?ﬁ ,3?%:
pr N % iy L1 ine fuaxter
¥e... it Gmnn ] [} 014 iﬂiﬁ 3: %‘-gxtﬁ':
?A - g Mm« 2,08X10¥ ERTS O
Totel, owe (PR e e weesd  RENIER L. cmere

2. Tor hoth fast neutrons and refativistic nentrons up
to %Mw, the most fmportant Intersction hetween nevtrons
angd tiesue s olastio seattering. The eross sections for ab-
gorption are small in comparison with the seattering cross

actions, and nelagtic sc ¢
sasabovesaveralﬂev,doesmtommthhym :
ileeause the hydrogen cross section tends to decrease rata
rapldly sbove 10 Mev, nelastic scattering and spallation

. -

become more important a2 the newtron energy increases.
However, there are few, if any, quantitative data on this
point at f. The energy ehsorbed in Hssue due fo
alastic collisions Is transferrﬁ largely o8 a result of seattar-
ug by hydrogen atoms, This is so both bacanse the hydro-
gon atoms ocour more abtmdantly, but also because the
average fraction of the {oegy lost in an elastic collision
is given by 28/(M41)%, where M s the mass number
of the atom struck, and thus the heavier atoms disgipate
only & small fraction of the newtron's energy. Figaye 1
glves the energy absorbed %)er gram of tigaue '%an exposed
o neutrons of e E {Mev) with 1 neutron/em? inel-
dent on a_small yolume element of tissue, Taking into
account only the fivet coliisions of the neutrons, the dose
in rads due to collisions with an element of mass number
1}!; cross sectlon o (barng), and atomie abundance N
atoms ¥

/g), 38 given b

2M,
DIHEWN.UJ.GXIO‘Q (rads). {1)
Ey eexlx acaomxmaicatgf th?s% gc? sgepemnmal’ teiﬁiif mm?f o7
or n
ferredg to tissue by fast nentrons. © energy tans
8.8. For a beam of neutrons incident on e large mass
of tlsaue, the formulsa (of 5.2) must be to take

aceount of the attenuation of the incidemt beam. The effect
31’ th?s b;xegglrup elﬁ%a;mant by mt;lg%atmmsig% mtetihe

036 233684 preats mateiy,
be brackeied with suficient nccarady for wiosh practod
cases of protection, Becase the total dose always includes
the first collision dose given by samming the sbove for-
mules, {6 i clear that the firet colligion dose is a lower
bound for the total dose. In the case of neutrons of energies
between 0.1 and 10 Mev impinging on a large convex mass
of tissue, the maximum doss 1 at or near the lrradiated

eurfece and i3 never more than twice the first collision dose
at%ewwlt_k%bewm%?hﬁewg
gpplies to the maximum or 8 oe and does not 4

dggp within an frradiated body where the fivat comg?m

oge may be & much maller fraction of the total doge,

54. For neutrons of intermediate or thermal energy,

teraction with en is much tar, becatge the ¢
quanfur. has agy %gy of abmu;’%:‘iIa Mev wheress the

9



profon has an gg)d alrout 600 kav. In additign,the

ﬂxtudnct of relstive dence and crogs section i3 much
ger o the case of the (ny) reaction. Howsver, the
oy can travel through tisabe for considerable distances
Fefm losil;g mgy. whereas the iErobcm disslpates its
& to vitinity of tg
ffmla meases of ; mﬂna roton osem oat hrgg-t
or large mssea of tiasue the gamma 1 mu
Theve prmnt I{ﬂl;‘predse information available about
the vsrlatlon the geometry of the fated
, OF aven & yough vole such a8 that gleen above for fast
nau na.Forlargemu of tizsue (20 oy thick or more)
it assemtlally indepondent of neniron
tggy b bo 10 kav, Monte Carlo caltulations hava indi-
m the percentags of nautrms that slow down
armal entrgy in a thick slab doos not vary g:eatls'
withthamer o:lthe mcidmtbesm and as, for energlos
gfm doae, e o e mm%lymm o
a otlovrs 8 oom
depth dose curves obbained b{'ni onte Carlo ca!-
ﬂulaﬁum a uhb of tismma 38 om

sppendix 1. mey be regarded asnsafulappmxima-
to edomgepaueﬂwwiuzinthetmmk & homan

6. Relative Blologleasl Efectiveness

8, 1 Ithas been found that equal ahmbed doaee delivered
by Jift eran !onlning radistions may p
biological effectiveuess { E)
ofone i unwim to anather {s defined g the
absoxbed required

ratio of the doses for oqual
eﬁect.'l‘hus.lflnduct;!moia vmdesreeo’rdamasaw
an & ce redintion and

dose Ds
y by the other radiztion ﬁ:zyBBEofthe!am 58 DyiDx,
"3, The hlo‘loglc.i:I aftectivaness of different kindg of

donk indicated as :
of conmgveuzlonal thers ungbmdiatlon (200 v) as wnity,
In Jethallty studles it baen foumd that gamms radistion

{from or from g tlyhassnRBEhnm
Bﬁho.aofﬂmtof?.ﬁo' 'rﬂmen
8.3. Aameamemn Enrehase&oncomparmm

of tissve dose, the ch p?miaal variable whith g ity
geeounts for the dlffarance in RBR s the rate of tows of

r%yalon thapathofionixmg e!es Tt 15 agsuined
that biological efertiveness in dependent on spatiel dlatribu-
tlon of the enorgy travsfor place in tissue, Conse-

10

T it e o il Yo sonaider Hnear noegy b
a respons
T varions o el effacts vacics Wil

test chjects, the dled,
factors (such a8 dose rate) ot ad ofben other

6.5, The term “vem” has beon uged as meaning * .
or rad equivalent man," The unit 38 vged in an att;“glpt
‘axpress doge in teu:md&th?iologiwl rather than &h?ml

equivalence, It be ad a3 the product of rhed
doso in rads B, Thus an alsorbed dose of 10 veds
from a radiation having an RBE of 10 represents 100 rems.

Becanse of the variabiiity of RBE, equal doses of rade rep-

dosesofmsdepes\ on the effect nnder
e Homa i o e o
doae in m!.a mumplzaé by tha RBE hl‘igﬁ for th
radintion under dlseussion %pgxposl;}a of qugf

mang dod oy & ormuhtedfarpurpoaesofradiatton pro-
tection.

§ have been denved on the- mcommenda
The RBE of LET valuss beyon& 175 kav/n hag baeﬁug.:-

8. Bio 20 based on
indicste '103’1033 F?m ne LD'W appms s
wouldheztoinose-eff o eurvesfor rays

and nevirons are sitpilay in sha fmm
nmd:s,hutmaydiﬂ’ari‘ormama"‘ﬂ soch ﬁ,mts,man Gon-er
fiznous low laveldﬁ!gomm protraction) and fractions.

tion sy result RBE of fast nontrons,
partl hﬁwtoﬂzegamdsnrtotha!enso?theegg.

7. Biologicel Effects




dﬁ 0 smgle oL mulﬁple dosey

(Ji2
m ms.uea vgry in radmse:‘;s:hz% .
recoy dainage, They Als6 .
B@%‘ﬁ‘m‘bd (e{e., %iag*ﬂ&ogwué&to manifes-

. Seffecks tha
tion% m}ﬁog{@ inblbﬁ&avnd

tme and skin. Other raﬂ‘ter aarly
1) reduction in leuk m numhe: in the blood. i
“eand
l?'

ea.rly are: {1} yedue-
1o emthehal

mna, epnatlon,

5@ lngmmal omm' mare
s ow an ure ape reduced
of erythroctes anem:a) et i (e
topenis —~ leading to’ bleeding tendency) and genersﬁ
lack of naw cells xesulting in systensie deteriovation.
It should be pointed out that these affects are not neces-
indleative of radiation damage, because ﬂxay may
tfm suy of several shnormal conditions,

7.4, General mﬁmﬂWm biological effects

9

of radiation and maxim conditions
nsuaﬁy Include the following 37“ b. erios. eoniliu-
I8 etposnte of the whole to pénetrating radistion:
(b} in genexal percentage urvival and murvival the in
creass marked has(l%porﬁonsof&mbcd are protected,
(2) the exposures are fractionated, and (3) the penmtmn
of the radistion s decreased; (¢) heveditary effects are
not easily detected but they are ctmulaﬁve and mugt be
comldered. egpeniaﬂs {€ large population grougs ax¢ ex-
d¥erepusted expostres . {00 small:to produce
demonstrable-injury.alone) may ‘eventually reduce hfe gphfi:
oy S?!&mh m\;lly gt nﬁ r:lvwrvaﬂ
«poayre.: Sueh chahges 8 5 R
}308? ad- by other indieations . of «xadiation “duma
Agafn, It must be pointed out that the presence of
malignancy does not necessarily indieats radiation as; the
cangative agent,
7.8. Cortain fast-neutron hazerds ap&e;lr to be related

0 & more pronounced aecumula on from mul-

tiple exposures than oscurs ~frradiation.
tis, €lasues not Bhely to be replemshed b.v celly from oﬁxer

organs {such aa the eng epithelinm and 1 epi

jum} are especially vulnerable to fast neutrons in multrple

exposures, Although there is usually some reoovery
ﬂg exposure o tﬁlutrons it i3 Jess than in the case of
~YAya.

12
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7.7, Much of our information concerning biclopie effects
of radiation cormes from cliniesl experience and from ani-
xaal e:per%tﬁgaﬂo?, !ia)}xt mdata mmﬂﬂ an aec(den‘t?al t:vgr—
exposure valugble in this reﬁmﬂ
Much more information is needed from all thres souroeg.

8. Permissible Exposure to Neutrons

8.1, Due to the action of coamic radiation, there exists o
constant neutvon flux of roughly 50 n em® hut gt sea level,
This increases with altitude, reaching a valuwe approxi-
mated by 500 n cm-? hr< at 10,000 feet. The resultant dose
8 of the order of 10 mrad/week ot sop level and 10
mrad/week at 10,000 feet.

8.2, Permisaible exposare to neutrons is the dose that
ﬂ be recelved without undue risk to the heslth of the

ividua! and of., ﬂég Eulatlan. Certain basle mles

are glve%fin %ﬁfﬁ
‘%o{a mmm "apd b dcgh porti%immf tha
s, in addition;: any- of thé.
 bady- beyond & th@*em wall’.ag- cartain - eritical
.organg myst- no more 300" tivems/Sreeli In
the energy range covered hers, absorbed dowes o neutrons
are for praclical yurposes lwaysmaxima!atorneaz
body surfaee, and beeause Gdie-of theeriticalsorgans, au
a8 ths Jana of ﬂieg e ‘gad: the ‘'male gdnn‘ﬁs ~arg ok lithle

depti In ﬂlerbgdy. ese rules l;; whple-bogg
expostire themaximum: 'penniss

mrems as meagived at.or nearthe hody auMThewles
‘permit, somewhat.larger doses- 0. be. 2ecelved by, cextain.
ot mgiom;..?lh%zh_gnds. and may . teceive . 1,600
miaimsfweekiHowever, -thess. Toseal” Bmits Shall hot
. be-permitied -tmlesy” specinl ‘efforts have been mede o
2ssure-that the hend - dre not iz

trimk
‘mbimmre«mﬂweekﬂnmpﬁonﬂm tia
neceasary for A person to receive more than 6.9 rem in 1
weak, he may recaive 3 rems in 18 weeks,
8.8, Tha 1957 recommendations of the Natfonal Coramit-
tee on Radistion Protection im additional restrictions

on the doge that may ba in¢ by radiatmn workers over
}%ng periods of time [T). Thess may expmsed y the
%(ﬁﬁﬁb (2)

whereDistheBBEdosemunuIated atagnNyems The

formula applies to all eritical organs except the skin, for
which the%)slm pmniﬁzdm et
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e

e ssasary whe’im

p gLl

tracted empoaure younger: individ-
uk ia anticipated o munt be considerad likely. For th!u
reason, oertaln ﬁatgflven below (.8, table 2) are
weekly exposures of 100 mremaswellasﬂﬂﬂmmns,al-
th itwﬂlbe\mdsrstoodﬂmtlar&er valuesmpermls-
gible ag tong as the restrictiona
it are adhered to.

DB.E‘ ﬁ&m ﬁ glso eonmins s listing of applicable

particles deliv a dose. levlations taldng into
’I' of secondary recoile fram hoth

pr{ ple scattared newtroms in that in
{om cmthlck, the RBE de both on nevtron

en and, to soma extent, on the depth in the pliantom.
nggm-, n general, the R
réaglong where the dose is o erefo're, the

hi RBE muathe applied or
F 2o Mappenﬁixlahowmmdasesmm
andremsforammbwofn ron enevgiest Table
B gives RBHE and maximum permisaibla average neutmn
flux a3 5 fonetion of anargy for
the basis of a d0-hour wesk, Al oughan%mof
melight ha elightly excooded st neutron energles In the
hood of 1 Mev, it would acem sufﬁmenﬂy gofe to
shves therta v T s oees o any wimmtemo fion
" avel an v by mear n
getwem energles In tsble 2 In the

" of anmimmu Py roati ;
Mmy ethe. om, & conse velim!bhssbeen

permisathle fux density hetwean
108??&1% aWhe reniized that th
t muogt & values in table 2 appl

ulglaommnergetl ueutrminddentmnnanyonﬂg
mw& rtiona of the human body, Even when g nentron

emifs monenargetic nettvons, seattering by wans
anﬂ other strostures will cause degradaﬁan in en
avar, becauto this proeesa will, in t mga %?r
:;}mt always Mad o &

to ngsune that all pentroms have the oriyln:f ﬁ Is

[ TPy

'Swumﬂo.lh ted 12 W,
e e mm'.t:“k&-w&alerhvh; uuﬁdmmg
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TANLE 2. Muxtmunt permissibls naubron fine
Tina-average fox (or (hhomr wedk {6 daliver oither 100 or 305 Trecs,

Hentyon rgn

el 140 ratra, ooy
Mo % i g0 & om? ped
proal ]
G i ' Bl om
05 . 1% ;33 130
¥ : i
1:; . . e 8
. ws it 114
g‘x [ 0
35 - 7 3
1% S s i B
Wioth R 7% e
Pupgested Momls

Tiorn energy. Shoilarly, i be ssstmed that all nevtrons
:{aincide;'lytnmny (wlggyifmmemayamﬂy avrive

86, In ease sufficfently defailed information on neutron

energy iy not avallable, an REE of 10 shall be sysumed,

8%, The maxiwm permissible wee.kly dose may he

roceived withinanytﬁmpeﬂodmﬂﬂu eweek.A&uming

& 40-hour work waek, » ax?osu:e to 7.5 mrems/hy

orthe%ouixm inthe}astmlumn table 2 roprasents the
permms g ]

ft i3 glear! L;Jiesuabla to design neutron instaﬂations

80 %ﬁ;ﬁ tha abov urly rates are not emeeded normalg

areas, 28 then impossibie for Bt
3& be emd heyond the permisgible week!y ﬁt‘m;mm

values are exceedad, th by
nel or the duly period of the neutron genersfor must b
tricked to ge In excess of the permissible
mval Hhwit, As fallure to chserve this restriction would
oreateabmrd.ﬁm hgllmbewwmquiremm
guards, A greater yoben hzzarduistnifﬂmdntvmla
of the 1pmentissuchﬁlatadoseinexeeasofthswumy

Yomit e t{e reteived by & person whe remalna
at the location for iuﬁéﬁ-hourworkweek.'rhemm
belggmkegmditmtzﬁ;lmbehvmﬂl td;ﬁﬁm then
9. High doss ra from inhersnt danger, o
mpmmtawd&obq:ﬁﬁmrdhmoﬁ iaiz,r
nervonsness, and should be avoided whenever
210, It maynfwnow::ﬂmtindhnémhwhoaremm
way sssociated with the operation of the source are ex-

15
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posed to detectable amounts of radiation. If such locations
ave ountside the controlled ares and accessible to the public,
it may be diffeult or impossible to reg‘ulate or scedrately

rediet the oceupancy. Beconse in addition g coraperdtively
arge number of individualy (including children) m@t be
axposed, special safeguards mugt be provided.
8.1L Considering all availahle evidenoce, no sigmﬁcant
tedibtion offects have been demomsirated Im%ls or
humang et or below the maximum weekly permwsih! doge
levals, By extrapolation from observations st rouch highey
%ose levals, tit Boams masib!?ﬂ;hat lo}?‘gmnﬁnu%d]w»
on. even ') perm may have gome de ous
g.!tude of such effocts iy believed o bi Juss
xany other physical and chemiesl égalth
hamds fo which wa ara daily exposed. Neverﬂaeless, oxta
should he made to reduce exfnsme as much helow permis-
sfble doge Jevls as pract
The 1957 reommnendations of the NCRP {see pa%
stipulgte thaf e mexivaum g?rmlaa
gonads for the populal:ion of the United S’ra’tes ma whole
or al] sources of radistion, including medies) and ofther
manmade sources, and bockeround, Shall not axceed 14
mﬂ\ionmswmﬂimoipopu oo over the
from conception up to age 80, and ons-thind that amount
In each decade thereafter 'magin should be done: for
the wgulation group in which croes-breading may be, ox-
{)‘;c:tted. To adhteve thizs goal it is furfher
for persons no

Tecommaended
0 tionally to radiation in
the environs of a radiaggn gouree,

sible ascomulated doge aball not exceed one-tenth ﬁt for
radigtion. worlters, This is equwalent {0 am average
&i ta dowe of 500 mrm per year. It should be nobed tgat
[easer fignre hag been set primarily beca
affects xather likelihood of personsl injuwry. Bx-
ﬁomu'e within the Tty set for radzatmn warkers iy be-
eved t0 be an entirely acoqpt:able individual nak but if a
large fraction of the population were exposed et these lovals,
long-fermn genetis effects might be too Thls ig the
e G e B B
individua oges mig a few
dividuals who sre not radiation workers.
In this Bandbook a Wit of 125 mrems per 3-menth
period i8 recommended for imcontrofled aveas,
Obviously the best to sttain this objective is bo
svold delivery of such a to sny part of the aveas in
mestion regardlesy of any occupancy facfors, and this

10

pohc is ly recornmended. If more than 10 mrems
vocel ln such uncontrolied areas during a ecal-
endar weak, regulsy checks are reguived to insure that
individuals remain thera for sufﬁcxently limited peariods
of time a0 that exposure in excess of 125 mwwrems per 8-
montk period i8 uplikely. This fmit apphes equally if sgveral
generators confribute radiation to the same Jocation,
8.12. 3t is to he noted that permissible exposure figures
ruay ba revigsed downward in the fubuye particularly if the
aumber of expoged to radiation should ineresse
, Therefore, in the design of neutron protection it
is advisable to make provision for more shielding to he
added in the future. In the cage of large permanent instal-
lations it may bhe much more ecomomical to npply such
ianalpro’cechonatﬁmﬁmcsfo n2i instal agm,m.

to over instive compliance
with pms:b 8 utura limite that may be lower, However,
in the absence of definite knowledge vo frm recommenda-

tions can be made on this poink.

9. Gamma- and X-ray Hazards Arising in the
Oparation of Nattron Sources

9.1, In practice, the presence of neirtrons in the Igbora.
fory i3 almost fnvariably accompanied by X- and gamma
radistion. Becanse the relative intensity of this comnonent

oty Vary widely with sxperimentel saditions, the hazard
muat be asyessed di y the operator and added {0 the
neutron hazard with an RBE of unity. A brief deseription
of the mechanism of photon production in various types
ge:entmn installstion is arppended hereto for nformation of

92, Louwoltaye ton occelerators (400 kev), Although
used o produce neutrons fres of gamma rays, such ma-
chines ave uwsually strong sources of X.rays. These are
engendered by electrons relessed at the walls and
of the apparafus by ion hombardment and accelerated
ward the anode and supporting structures. This radiation

rasy be reduced {but never entirely suppressed) by applics-
Yion of positive notent;al to the targetpm eml?ﬂyy o

8.8, High-volluge ion aecelerators, In addition to pro-
ducing X-reys, these installations begome sources of gam-
ms mﬂaatzon because of the inmmd }ﬂm}ﬂmd of nuc}ear
excitation of the target materisl and the walls of a
tus, The energiea of the photen radiation ars chay, stia
ﬁo tl-%a ﬁuﬁm nd may vary from o fow humdred kev to

n

17



B e

e’ e s

9.4, {an) sources. The (a,ng regetions are, with' g few

exceplions {e.g, Po'™, Pu), alsp sources of iptense
gamma radiation becuuae of coneomitant emission in the
radwactive chain (Ra™, Ra®s, Thas, Ac¥t, oo,

8.5. Photoneutron sources, ( ;
aetwe sources and betatrons, ave particularly hazgrdons
from ig stanﬂﬁomt Yecauss the relatively sl crogs sec-

on, 88 compared o the Compion and pafr-
production nrocess, requires implicitly &n overwh flux
g phutons Tor the production of & relatively small nuwber

8.8, Thmml noutron sources. Such sources as maclear
reactors pragent the added hazard. of gamma rays, which
almost invarisbly follow the capture of newtrons hy m:clei.
‘The cross sections for this process vary widely (10° to
10-% barn), and the energy of the gaumma radistion emit-
ted varies # few tenths to ahout 10 Mev. Frequm!ﬂy
gxe pr{)ﬁuct nuclmm is radicactive and emits gamma vhdia~
oh 4180

9.7, Inslnstie scatlering. Wast nevtrons, of oney
than that of the lowest excitation levels of a mn
logo energy by excitation, This process (of erosg ae&tm
usuaily helow 8 bams) regults in the emission of gamma
vays characteristie of the disturbed nucieus, This of
gamme radiation mustheanﬁqpaﬁedmaﬂ insts
Troducing fast neutrons,

8.8 sum mrm. Since the fission pmms—-even when
aengendered b % ermal nevtyons—ds accompanied by gem-
ma rays and by the jitoduction of radionctive fission prod-
I‘ig:‘argt iy reasonable ts expect a deft nltegamm-ny

10, Neutron Deteotors

10.1, Por practieal purposes the processes that reveal

ﬂne Dresenca {or prévious presence) of neutrons may .be

nseified a8 ingtantancous or g delayed processes. Ju

mos chses tha phenctoenon that iy debecgad is ionization, or
8 that is caused by fonization

10.2. Examplea of instanieneous ‘radiations ond thedy

& Fission: Fiaston moﬂamaybedeﬁecﬁed by their ioniz-
{égeﬁ?eet “mm e im}be dertected ts i ndign : effect,
gemma tion may its io
b. Recoil from nentron collision: T{e ilmélg nmecles
muy canse detectable fonization,

18
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¢, Inelastie eolligion: On collision,

of the kinetic
enerm' of the neutron mony bo con

ol to gwwma Tay

d. Capture. Captere of & nentron by a nnelaus i fol—
lowed by emission of one or more gamma rays
new miclens that is formed by capture may be 50 mmsfable
as to disintegrate immediately, gwing rise to one or more

the fonizing phenomena.

10.8. Dek&yed processes, The principal delayed promesaes
are radicackive disintegra¥ions of fission products and of
nuelel produced by nsutron captuye,

10.4. If the presence of neutrons has not been foreseen,
and provision for immediate messurement has therefore

‘oeenmade the delayed process may sometimes be of
spscxal

10.5. Neutron deteclors utilize the same devices (count-
ars, iopization chambers, photographic emuldions, efe.)
that are used for the dstection of other lonlzing mﬁSatmm,
although, a8 in the case of X-rays, any divect jonizing
effect of the p radiation i | consequential,

10.6. Digeromination hetween loniration due to neutrons
&nd lonization due 1o gamms rays, when both are Yresent,
is not difficalt in instruments that are degigned solely for
detection {as distinet from flux or dossge measurement).
The burst of ionization that can be produeed bya reemlmg

or diginte nucleusismuche&eaherthanw burst
that is Ik produced in & detector by g radia-
tiott. The Inzber can be discriming the alaciri-

eal clrenit of an instrument. Very high sengitivity can be
obtained in inetruments based on thess processes, but the
gensitivity usualli; depends stmngly on the spergy of the
nentrons, wh wn. Devicey depend
on the delayed prmesa mn usually be cotntbad upon to dis-
criminate against everything but nemtrons, snd can be
made guite sensitive slso, but thay suffer from the seme
depenidenca on neutron of this deficiency,
these high-sensitivity detectors are value in rapidly de-
Yimiting large arens whers the nautron flux 48 too Jow to
i any quauﬂtaﬁve mesastrements.
107, One note of w t Any mstrument that de-
pendswponﬁxeeounhngof. onizativn tarsty thet exceed
d gize st be suspected when i is nsed
for surve in ﬂw vicimty of 3 ufsed generator, It will
ulses vl d Y B e T e of. The
p mce} 1 & aotive e cycle of the
Tnachin xflses are nob resolved, the counting
mm-az——-c 19



rato of the nslrument may be independent of intangty and
pignify only the pukln?gaﬁe of t%l?:n ganarator. !ty

1L Moezsurement of Neutron Plox

111, In the case of monpenergetie neutrons of known
energy. the flux may ba determimed provided th m-nes
for the hwemction employed in detection is

and the nomber of interactions oconrring n wnit ti:ne mn
ba mensnred In an abeolute manner.
11.2 The flux messurement in neutron beams imvolving
enargy distribution can be made only f the
detecticm afficiency i3 indepandent of nevtron ener Th
T uimme.nt fa veb in coriein threshold detectors
of substantially constant cvoss sectian above i:he
thmshold, and iz the “long counter” by the adjustment of
abaorb and scattering characteristics of the mnderator
the sens element. The complex chamcter
hticsotﬂﬁs m'uetmemakeitvﬁ'tmwmmibls deter-
ming the veaponse sheolutely, aud a relafive calffwation
must be performed. On the other hand, the ecmparstively
wide range (about 0,1 t0 8 Mev) in an impmant eners'.v
ntarval the long countar sn imporiant
118, It 13 to ha noted that the permissible ﬂux ﬁgares
ﬂevan in table 2 apply 1o incident neutron fluxes ratherthan
ot mons tho Do e o whos Sen mﬁsﬁﬂm s
noay the e, The ) 8 an
i mmonnel mopi dagzia parformed on the b of fiex
at in appendix 1 should ba appliarl.
114, The characberiahes of various flux detectors as well
ay their calibration ave djsevssed in appendix 2,

12, Dose Measurement

12,1, Because the perroissible Jimit of exposure to neu-
trons {e velated o sbaorbed doss, it is obviausly pref
ta measure this quan dimc!:ly?arﬂ lyasﬁl
nsually be done with littls or no Information on n
onérgy, Like other aspacts of netttron Mchnol‘cg{v try
hag not heen de*:eluped to the point where veml!y ap-
Imbte methods of messurement are available, Neverthe-
ess, In mnni;l Instances dose deferminationy csn be made
MOX ALcUra & by divect rather than by indivect yneans
(such ns ﬁux e‘rmminationa .
diract dose measurement may

rozmed utﬂizmp; the Bragp-Gray theorsm. Thia xem

20

the lonization produced in a cavity with the enor !m-
parted by ionizing radistion 1o the walls surround
mvﬂi In the &'::e ghg wall a{;ui g‘as have %e ?ame
eomposition, e of any 8 T~
L e
unding the volume & Wi va
the same composition ag tisaue &%;z. ave mada of tisgus.
, the is proportionsl to the
jomization nmtmsso!mandwaimvi r—
ﬁona.lity is W, the average ¢n ded in the pr
tiom of e fon, pair This qm"g wn within about 2
to 3 percent for gl of Interest and varies little with
energy or nature of the lonizing partiele,
123, This method has heen used for the dstermination
of fast neutron doses with the tise of fonfzation chambers
constrieted of hydrogmoua mterials. Use of tissue-equi-

the game atomis
mmpvsitian ag tissuai dose megsummnteof el

tieal Himitation of
the wdnﬁqm% such PHMIPR" pmc not disciminate

agaimat other radiations, and oonsequmtiy the total tissue
doss s meﬁa:md ina :%lxed radistion fleld whera gamms
Presen

124, Chambers having nonhydrogencus walls may be

ec?ve(lina,neffori;ix:xmeassm’:the gamma radistion
el ly and to obtein the nevtron dose by subtyaction.
Howaver, if the stomic number of the wall material s low
enongh to eohibit an approximately aby- or tissueequivar-
lent 8¢ at low energ: ths

neubron beyon
shout 0.5 Mev, m eompuhtlcms indimta tﬁ:ﬂ
tween 1 and 10 Moy the

of u

novhydrogenons musmdmﬂl co.shnuldv be-
tween B and 25 t of that of » fissye-aquivalent

her, Because of the wide varlaﬂon and the fact that it ia an
ervatic function of neutron enargy, corrections are difflenlt
to apply. Therefore, in s mixed radiation field the response
of such 4 chamber may be meraly Interpreted o8 an uppar
k{mit of gammmn contamination. A subtractive measurernent

dose is consequently Inacourate, urﬂcular
when the relative anwﬂf:gaigmar p “ﬁgles.
ar

However, at low neutron
chawber filed with CO, %m emal!ent meang of
selective memreumnt of contawinsting gamma redistion,

12.5. Methods of doatmy have been devsloped in
which an attempt 15 made to fah between alectrons

21
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and hea fclos by employing proportional counters
and 4 sting crcuits, Instruments of this type snch
a3 the count-rate dosimeter and the pulse-energy integrat-
ing dosimeter, ave diseussed in ap 4, :
128, As exf)iained in section 5, multiple sesttering of
fast nautrons leads to an increase in dose if the mags of
Yissue exposed iy increased, Many neutron dosimeters: con.
tain enough hydrogenous material o estshlish i
nilib un%,nand thus record essantislly only the eolli-
ston dose, In order to determine the tissue dose of intdvest
ore, 1 aghusesudz davices I properly de-
signed teyne-equiv enighantoms. For fagt and relativistic
veutrons, the use of such & phantom may ba omitied if the
curves used in figure 15 (appendix 1) are applied to, the
amdinte a Duavang o dos ebrial e oat
nbers peutrons, geom 3
tonditions ars so eriticsl that are esgentisl,
12.7. Appendix 4 gives ey information on ingtru-
ments that may be employed in dose measurement,

11 Radiation Protection in Instaliation !
and Operation of Neutron Sousces

13, "Typen of Sources

18.1, Radioactive sources are of two types, d
é;;n). In an i:#)l gource, the alpha amitter s m ot

material,

18.11, Polonfum-210 and plutonium-239 are the most
guitable radioactive i gources* from the stendpoint of
low gamma-ray activity and compactness, Both elements,
howover, are amngp ¢ most dengerous omes when in-
gested or inhaled, Special precsutions must Yo taken to
prevent their escape by providing dursbly sesled contafners.

18.12, Bas, in beium, with {6y denghters, 8 an.
“h“uy“m'*é'f b&ﬂc a:—r.*:yﬁ:;}s of mnvenie?tkhaif life, but ig
£qun; , Ifs containmen onally im
E;fbant beeause of the dangery dua to its daugter product

. In pddition, due to its copious photon emission, it rep-
revenis'a, ray hazand,

18.18, The target materials most commonly nsed are Li,
Bo,* and B, These materisls in powdered form, infimately

sh:g:n%tmm Sourow Pott anay bo pravent &4 daughler yroduch of Jonge
T8e womtiiuins & wontly Tecopnited chawleat fosletty hasnad,
22

mixed with the alphs emitiers, sare sealed in metsl con-
fainers.

18.14. (yn) sonrces are Wlivn calledt photoneutron
sources. They congist of sealed containers enclosing emitters
of gamms. rays of energy high enough to detach neutrons
from farget puclel, The Jatter, ysually deuterium or beryl-
tam, ave placed {n apheres or cylimders which suyronnd the
gamma emitter, Photonentton sources have been used
meatly to generate moderate fluxes of neutrons of fairly
homogeneotin etexgies below 1 Mav,

18.2. Conslant-voliage acoclerators, as used in the pro.
duetion of neutrons, sre usvally either Van de Graaff or
Coclroft-Walton machines, They are essentially the same
e i it o Ly e
po o ~voliage & e 18 reve an
dlestrode 8 ot With a positive fon souree instead of
4 negative gouvea, In the Van de Grasff goneratoy
the %e s conveyed to the high-voltage electrode mech-
anically {»m of & belt; in the Cockrof-Walton it is
conveyed by a cascaded sequence of voltsge-daubling cir-
cults, each comprising a condenser and s roctifier. Most
Von de Greaff genorators operate below voltages of § Mev,
Cockroft-Welton generators below shout 1 Mev,

188, High-freguency accelerators include ths cyclotron

dotron, betatron, synchrotron, microtron, an
Yinear resonsnca accelerator,

18.31. The eyelotron, or magnetic yosonance accelerator,
13 a device for acealerating light iong, The fons ave kept in
a spiral orbit by s constant magnetic field and are given
f ve acceleration when they traverse the gap
the deeshaped elatirodes, The operation is usually con-
tinuaus in the sense that a heam 15 produced in sach cycle.
Light jons, particularly He, H*, and Het», are accelorated
up to 15 Mev par nucleon,

13.82. The synchroeyclotron is a cyclobron modified to
m fm relatim vistic incresse in the mln thfIr the accel-

et energy ranges, e Trequancy-
wodulated erelotron par?;%:s gre accelerated in prlses
of shout 1 microsecond duration and the osefllator fre-
o bl bl ol o o
several hum nocleon, aecele-
rabed are: Ht, HA, anﬂpeﬂre*.

13,88, The betatron iy e elreulsr electron accalorvator
that hae been used to sccelerata eloctrans to energios up
to 100 Mev or rnore, Electrons are injected in 2 pulse about
1 micirosseond in duration. After injeetion, the eledtrons are
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continnonsly acoeleymd and held {n a clreular path by &

mmi?l&?nmth Ir grnod%lited cl%gg*
1t 5] HENCY- 1.
Seomency of e oselilator 18 atehed arith tho tve.

frequ with
mginadumd elesbeingmblemwdina

path Wh fhe aedelerate
g frequency and the magnetic
eld aro va:led to allaw for the Jarge relstivistic masa
ﬁe b accelarated are injected into the
machi ﬁmaamaller acesleraton, mhaaa an de
Graafl accelerator for profons. For electrons whén the
final valocxtv I8 near to valoei‘%of light, i im-
practicably ta chenge uauc.v fra-
quency s kept ﬁxed and the magnstic is wagied,

18.8%. 'Fho microlron is a varfat!on of the clectron syn-
chrotron in which the magnetic field is held constant and
the orbit radius s sllowed to mcresse with Iumasing
glectron enerygy,

1888, Tn a Ymesr resooance accelerator the parhcles
trovel in 8 ightpa.thandaramedemtedbyﬁmeledm
ﬁald of an electromagnetic wave which travels down the

ceclerating tuba, An advantage of the linear vessuente
amlemwr circolar-orhit acedlerstors s the ease of
bringlng the beam into feld-fres spaca.

18.87, Although the primery haszard from
electron aecelerators (8 wsually Xarays, the ne idcm
may be comparable to or than the X-ray dose out~
side shleldir%mtm‘m high atomic number, such ag
lead, whi to attenvate the X.ava, chief
aomes of neutmns are the machine ifself, and the point
where the beam strfles the w.

In ded a hield for an ‘dlechon accalerator, both
Th nontion basaod iy bo nogiont b s dered

Tk may n
X-ray hazard for emtors&wtopmmonlybelowlo
'iig]v, bemuiet m uq:rtiaholds for the nevtron- md

oua are fs anergy,
tlon on netvtron product gyshigdea ath!
energles. see appendix 7, Delalled dlsonss : fon of {tho 1:;]-3“

Eemm of electron accel

tom?s given in Han ook56 this ssries.

18.4, Renotors, Wentyon profuction In reactors ocours as
higrl?mga o‘l;b the ﬁssiogl pmgglshywhxdé iwmtaimd c?lt 8

rata by means of & ca eontrolled chain zesction,
mmﬁmmodehommwhtmmemm i
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eritieal, in which eass tha number of Rgsions ocewrring
Lhaiiy comatant 1n thpe. This s achieVad hy a deﬁntbe

mmment of Tuel alemants (umn{um or plutonitm) and
djustment of neutron ahsorbers {conizol rods).

14, Noutron Production

14.1, Nentrons ars produced fn accelorators by the in-

taraetion of )ugiwpeed nuclaar parﬁcles {vsually positivaly
ci'l target nocled, Deﬁn n{g on the natnve of

the rea tm mvolved there may be evolution or s.bsorption

of energy in or losa of energy Is umally de-
noted by the symbol 5“ Q i¢ defined by

Qmm‘o*-—-mfo‘, . {3

whers m, ate the masses of the mhmting {ﬁ‘mm”

ths muayes of the resultant particles, and o the speed of
Yight. A st of Important reactions used in neutron produc-
twn assw«all g3 corresponding @ values i3 given in ap-

4.2. The fission process. Givan suffclont excation en-
ergy, ceviain heavs' nuelai ave peone to divide nbo fwo or
Tobry Jarge ph enei%mbeohmmdb absorpe
tionofa gnmm.a rsy, ined more commenly follow-
ing production of a fissiongble Isotope by sbeorption of
a.neutmn Tn this cage, the binding ensvgy of the neutron
eonstitutes the excifation energy to induce fisgion, The
most notable amm%le of this process Iy the sbeorption of
A alovrnemtmn hy 2 4 uanﬁ' ina Iugh.l mted
stata which :.medixtdy ons. m o

-apee pro~
tonmg{ maddlﬂontothehvo(andsomeﬁmes
1m078) n fregments, The neutrony sra, on the
av% innumberandetmemenergyof ut 2.6

{otal gamma-ay en fisglon hag an aver-
aga valu of about 7.6 Mev, oy ot

15, Other Badiation Hurda Assooiated with
Neutron Production

lﬁlgilr;afgctml 9,‘1 i?xg lﬁef deserlption of the wzrious
types of reactions lea agsociy mn

hay been given. Profection against ger

1s discussed {n two publications of the NGRP 8 iy,

Handhook 60, K-ray Protaction, and Handhook 86, Protec-

25



tion Against Betatron-Synchrotron Radiation Up fo 100
o cizon, Jetts Thou o ot fg’ui b

Vi nreg, ;
15.2. Radioative phmonmtmn Bolireed re (ﬁmmt, Trom
ray hayer

explusively,
Thus, 2 Nat.D. s 3 neuiron dosa rate of
the order of oniv imma-ray dose rate at

ﬂxeaamedts'w.uee. nnmstmsesﬂ\egamddsebabe
expacted from g -uxxlemumatimwvaxi« within
mmwranmie.,()lto%mds

158, Ay nentt the travemutations produeed
neuh'onsinthevxmni Dii sources lead to two modes of

that'ls emit-

4y emisglon, One ptm‘em&hﬁon
tedsimultan with neutron sbsarption, A list of the -

oy emitted in capture {8 given i sppen-

164, n addiﬂon nucle dpzoduoed a8 a result of mpture
are often radicactiv ticle accelerators of high
energy and particde ﬁw:-—auch a8 ey aotrona-—regrmnt
producers of redlanuclide sonrees of eonafderable fctivity
and significant ha}f Hves, Amr part of the acoelorgbor or
ita surroundings s !ally n soures of betn andjor
radiation, which muat be evaluated by ccripetent
yay woniboring. In addition, the air and
Iooseduat ﬁxeroamunbe octivated sufflalently. to ve.
q}tlxire dolay n en! the zoem. The responsible‘officer
auld 1n gigther CALE guided mammendntlana in

e mximmf-emls&'ble s
isobopealnﬂwﬁmn ody) concerning the -alloper&
tion, of these machines,

16, Radiation Protectlon Considerations fn the Design of
Neutron Souress

e B O T aoaree ﬁ?ﬁm
actiong ]
the gafa dwisnoﬁaﬂtypesofmuhmmmm -

follgw-
endations ave designed to the

of mdiﬂnm likely to be encommbared gv;rm camag‘:iﬂ y

Karve a4 A genersl guide hﬁﬂzeremai:ﬂngsimti

Nentron souresd may be classed t!any Jour
goum of incressing ou Ax the ‘.lems
tved avo somewhat diffevent, theae typm will be’dis-
16.2. mva B0Urces.
28

PR s

¢ 16).21 dAs mentioned agg:ez these can be c!assed intg
) and {mn) sotwess,
l%nmusua P tooeld oy pmuef"m shonid oo
eipned a.ccording to ndat;;
P:hndbogliggﬂdsmm. Thisisl;iso ﬁﬁkﬁ;&mﬂg}
erg particles are actually am; a3 Y
Bcles Howevre;*é Qvgléagy the Qﬂﬂ?ﬁﬁm from ﬂ;
-Ba sotres ig vedu ve rtieuls
ha&wmchabso:bav rffew nautnong, ne'ng?’onhamd
may become apprecishla and should ba ovarlooked,
16.22. For the other (wm) sources( Po-Be, Po-B, Pu-B,
ete.), the nedron hazard i3 usually the prlmary ang.
dosersteaofsomemsﬂxratﬁws\n‘iaee
shall‘ne stored in Isbeled containers (see Rules behw).
porafin in considerable thickmesy iy employed for

shuumme’mw S oee Sppendix £, The parafi

most difficult problem miiation protection of

the watiety of reactions

bt o slufht hazard, but others (such as
6. dengarons aoures of

may produce
i Hal) make
H (d,n) Tgnm B often a8 tmqumt from one type

ofraactiontaanoﬁxex,mdthenched opetations may
be intermitient or
1682 Itisbeyund daubt safost and simpleat to deslﬁ
tha profection ercund such machines g0 admra
of2 mxem‘hrisnotmeed&doutsldaﬂms‘rdelmg
H’( T R et ¢ R o 3
g-mqu order of a
s il 2304 copparatody o the
ensto!aspecial.buﬂdmﬁ Eed house the machine,

uech 4 druckice hi#hiy
galws eﬁmﬁ(}o tsudzgmmtmintoeﬂ struc-

tures arrengements that tend to be
fncouvenient for purposes of res and 'amfe radio-

hgxcallv) ng well a3 otherwlsa {electriral and mechanieal

AR =

21



[
——_ m— e

168.88, On the other hand, it is realized that at many
of these Instalistions the provislon of desivable shislding
iz structurally impossible or ofherwise very d‘m"“&sﬁ"
thenlarly when it becomes necessary to fit them info g
buildinge, Consequently the doge rate of 2% myama/hr
wmight be exceeded at accessibla lotatlons, perhans even at
the bggemtor’s console, At present it does not seem war-
vanted o eateporically 4 this e unacceptable,
but it cortainly iz not recormended. Furthermere, at instal-
Ietlons whera this comdition exists it hecomes mandatory
that constsnt checks be performed, that operations be
%Iited b lnsgm ﬂ;gt - ?n:dmw;ammelm pd ﬁmt

o Week]% oso I8 regeiv an
operations be auspended 1f this would occar ofiletwise.

18,84, Location of the farget below the ground lavel is
usually preferable, Some experimenters er low-acatter
ﬂoorhé? and hoilding walls made of thin sheets ox grids,
Dirveating the beam away from ctenpied sreas, and R
larly the W's console, often vesults in some shielding
economy. Aceeas to the reé{m arcund the target should also
be from cther than the beaxn divection, ’

18.85. Recause the ion beamn q:odueed hy these machines
can ber‘;giped" over considerable distances with compara-
i

e affort, It i3 quite practicable fo hring 1 ifto &
R PR A A e i A e

eontaming
closure should permit suificiert spaco for experi-
?l?enmﬁan thnlil: can be foreseen, In ?ﬁadition, mgt shonld
btﬂemada 10 shield any other structures that could intercent

18.36. Tn the desigm of these generators it should be kept
in mind that dary electrons are Ykely
e

£6000 likely to producs
Xorays and that modifiestions in haai deséfn might lesgen
the protection yequiremanta for his radiation, :
184, High-frequency tccelerutors. :
1641, In virtually all of these machines maasgive shigld-
ing is mandatory, and few new installations can be planned
that do not require a speciel buildng designed for the
purpose. Because of sfruchural considerations, there i a
ten cs{‘mkeepshieldmg'otthespaoeimm ly above
the machines at & minimum. As a msulv:i 2 large frach
of the neutvans chwerved ontside the shield mey originally
have escaped through the top and then been seattered
downward by other structures or the air above. Most
cirenlar accelorators require shielding of the entire ma-
chine, The shislded enclosura should permit sufficient room
for experimentation, partienlarly in the beam direction.

28

1t i3 highly desirable to provide space for additional shield.
ing tha%h may hecome necessary in eage methods ave found
é‘;aé&g.s the cnsge in the past) to boost the radiation

1842, No installation should be designed in which the
doss xafe of 216 mrems/hr is exceeded outside the shield-
ing under conditions that can be foreseen, This is partici.
Iar nems_%becausa additional exposuye may be themrred
during periods when the beam is off, 23 parsonnel, when
working inside the enclosure, are likely to be exposed to
gamms atd beta radiation ariging from induced activity,

16.48. Installations that are subterransan or built irto
a'hillside ave Ykely Yo vesolt in ap ble economy becanse
advantage may be taken of the shislding eflects of sofl,

18.44. Access o the shielded enclosura may be provided
thm% cither 2 maze or movable (usually m;mr driven)
shisldmyr blocks, The latter design requires space and
is likely to be more cconomical.

18.46. Nuclear reactors: Because of the somplexity of
reactor design and tho grest variely of reactor mm
existence, 1t appears impractical to provide any ite
recoramendations. Protection design should be based on
pertinent experionces gained with existing fypes.

17. Stationary Shields

17.1, The shielding of neutvon sources is at present not
ay woll understood as that of gamma sources, Consequently
the information on shield thicknesses is less exact, and
shields should in general be more overdesigued, The for-
mylas given below will include adequate safety factors
for general use. T i3 n faet of practical {mportance
that edequaie shielding against newtrons will in gen-
exs] suppress gamng yadiation to permisgible levels at
both reactors and sccelerators, Water and other hydro-
gemous shields constitute an Important exception to this
Hhckaoautaon, e g iy o Pertlodas

ga 3 Separate &
often more Jmporbmi: problem. ep

17.2. In the design of buildings planned to contain neu-
fron tors, shiclding should be the first Hom eongid.
ered beenuss of both size saud welight,

17.8. Ordinery or heavy 2 ate concrete or earth ave
the recommended ma tost installations, Any
econamy by the vss of water-illed tanks is likely to bo oftset
by maintenance diffieulties. In addition, evaporation yep-
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resmtsasmmmhamd althoughitmayberetardeﬁby
the addition of ofl,
17.4, Paraffin or ¢il is a fire hazard, and neither ahould
be used in large stationary shields.
© 178, Methods of shielding caleulations arve outlmed in
appendix B,

18. Movable Shields

8L It 39 often n with temporary
shieMing, in whkh the ie{d ig pot cast mto place It
rather I3 buil te blocks. As &I such installa-
tiong ave sub} to ﬁaws or cracks which are left in the
asgembly, 8 detailed survey should ha made prior to routine
operation of the source. In general it s found thal a'csre-

fully Jaid unmortared ¢oncreta block shield 1s ninefenths
Igffectmasamonoliﬂ:}c uredstmc%ure. ﬁ

Iald with care show aimﬂarly yeduead attonuation, Al
vertiesl eracks should be stagwered to reduce leakage, Grav-

ity s taually sufficiant to keep horizontal eracks cloved,

19, VUnusuel Hazards

19.1. Hven though shields %
they may deteriorate, suddenly or grad
80 that it Is necessary fo moniter the radiation qutside
routinaly, Examples of such deteriorationy aye the Joss of
water from a ghleld tank or from a hydrogenous xliield
material, the davelopment of cracks in concrete dus to
gettling, or the loss of hydrogen due fo radiation damage

in paxafiin or ofl, Reactors In water pools shonid be equipe
Feﬁthpmpwmnmﬂsmm%dlmmdﬁm
8

20, Procedures to be Implemented
in Cass of Overexpogure

oflmonﬂtorlem,heisaxpasedtoabsorbed doaes
meedin Ermmths wholebody oramad

part there-
01'. For Handbook, on&-half of fhis

oint comiderahon and appra experis
{ redical vasiology, mﬁiob”iﬂloé‘}f"andm et

30

20.2, Although the ulinical ank of such an in-
dmdua! is ovionsly the provines % sicinn, its form

wd courys, ay well as tb.e inﬁsvidnnl' erance statug, will
be influenced by the magmitude of the dose yeceived. Hence,
avery effort should be made to evaluats it ag acourately
and 28 s00n a8 possible,

203, The axtent of this effort will in twre depend on the
availability of suitable l-maniboriréé devices ot the
body of the person !nvo%ed. On the basis of the very scant
information on the subject, and the unexpacted nature of
sccidentsl exposurw no hard and fast rules can be given as
$0 the experimental approach,

20.4. Ydeally, a suitable pexsonvel-monitoring device xs
&n appamtus of ample dosimetric ranga cepable of

Eh’twmﬂ'we:, % vaiinbl B mdmﬂgit’ W
eatr] & F e, the von

ﬂ:eaemstrmngt ts cam be i evaluay-
tion of body doses, onee the ﬂuenoe of shielding by the

oparator’s hody and the | characteristics of the radia.
tion field are independently estsblished. The unique merits
of 8 {rue dosimeter are readily mpprecinted whenever the
aenie exposure s the consequence of sudden damaging
ovarloadtrf'dmemuh'on r, leading to delay or to
physieal Inab dosimetric studles wnder

pemtln% oony duplicatin those prevalling at the
tome of accident.. € d

20.b, Whenaver true personnel doetmeters ave, for any
TERsON, mvnﬂable, other int;egratmg personne) detector
readings ean be used to advantage.

Dosimtxie evaluation is then hest done with proper dost.

n the presence of radiations that are sz nearl
identmi as possible fo those emitted duzing the actiden

by relying on personne] detectors as in ting moni-
tom.Because%m egreiing

o i B Al oo rstics of & ReLxon gen-
eral may ne ¢r n on s G-
er attention must b pad b & his factor. Tn

i:hisaawellasin eprevlouscas themﬂumeaofﬂxe

cm be
estabhshed the use of Wm modc-upa glwnu-
lating in size and composition on'y body,

20,6, Whenever personnal manitor readings are unavail
zble, dosimetric eva!uationﬁ become much move diffeutt
to obtain and approsch theeomplmtvofamearmmab-

81
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menta) con
candnﬂona of ure beari qnanhtahvely wi rela.
ton o those &'ﬁﬁ% ﬁiea sm
T8y moni mahoﬂdbesoushtandrmﬂedmmey
way s&xrve In some instances as inbegrator d
20.7. Tools, spparatus, and other chiecis in

dlemieal elements auch, g Sn, 8b, Mn Al, Od; Hg
Ay, F may gerva s pevtron monttors
mJi tymnbemaasmdatknownmd

rt times after the exposnre. The mavement eg;ﬂed
mdlvidua!s howavnr. must ba ah&hlgmd 88 nocurately 28

poasible, and parsonnel gnd wit- ‘
neszes shomld promptly and besti

roc-
orded with the least reliance on mmary 8 ly, ths
ridioactivity indaced In any of the ohjects msy
serve the purposes of a noutron integrating dstector, on

the, itmer ot ﬂle objects in the radlstim ﬁeldzand 113

lacatian on the peraon’ is eetnbﬂshed. Gold : jawelry
iz partienlarly gaited torm ; hence 3
Pk SN lnim exmmi.mmm &5
v easer
) and other buse metals iikely ¢ ba cn the peson {in

Y other
the form of identificatlon badges, fom:tain pens, clls,
buekleu, garters, costime gewelry, ste.) may sai-’?e the
same p
20.8. Becawe most of the radiogetivities fnducod in thess
elements are 5hort—}xved and ﬂm rasult of small crbos see
tlons, speed and senaltivity of mensurement are Ii)rely to
rove critien lineuﬁmaeesofthiuort. mmnka
ultimate Interpretation fs the critical wof the
actlvitles present, hence ometric sn sp
smly:da of the samples areIﬂghhr
20.9. Tha speeiﬁc activity of Nu“-—-and t0 amextent
of P¥_in the blood serum and of the exposed
individualy hag haen utilized for this purpess, The ¢
ik o R inns Mg e o] ?Jm e
2AMMA-TAY
poewtaqy and aensitlvmr. hut wﬂl elmnme
as‘mtharapiﬂir dﬂaerliade
g f Ebm s el e o
ont present on the Y
a1 ehothing of dual, '

20.10, It shuuld be realizad thet most of the induced
rudlonctivities thus far mentlomed sre caused In -over-
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whelmiug measure by therma neatvons and Hzerefore. they
In part also by fagt ney
br um . A hetber indieation of the faat
¢an bs obtained from the threshold Teaction Pﬁ (n,p}si“
'I'hiaelem is readily avafleble in matches and In

IV. Rules for Protection against
Neutron Radiation

Seope of Tules, Themlasaetfm‘thbalowmeomidmd
ansential for the avoidance of hazards attending expos
tv neutron radiation, They a I.yhso&herradiaﬂomonly
mscfar ag they might occur almultanecusly with neuh-mm
Rk e e e

LT more on omer
ionizing radiastions, The nt roles ave mgfﬂ
with any elechrical, m hmiwh%m, and uﬁxar
nonradiation H:atmigh arise in eopemtionof
nentronmmes as they affech radiation safety,

a fer&mﬁicﬁm upph:;ﬂ;o the case of reawbamr;. The

mles beluwerl:ena pmbeetlm T, nor-
msl operation st power levels anticipated, The prevention
of sbprmal naﬁ’fw anfall partiouiarly savers zadl.
ation hazards Ig %mmplex teehnologieal problem that will
not ba discnssed

Mnﬂlytorobviousxeamnu,no

o recinme
maderegardmg m‘be&iong‘m! vielni h-hssi-
ﬂedassambheaami p e by o

21, Maximum: Permissible Dose

211, For a radfation worker of age N, the actumulated
gl vih omfw'm d e o e Bl
i) eeye.a.n fona
matm

ma 10 (N~18
21.2, Tha weekly doss by 2 radiation
wgréh:rﬂul;:ﬂ not 300 mmm In al cased
Wi neoemry pe:son
tha unit of thne beattendedhomwaehs prcvmad
the dusd Aocumy this period does not axoeed

m&lfﬁeiaﬂe&hﬁomaﬁononﬂmmtmaftba fontz.
ingradmﬁonsismtavsﬂab!e,ﬂmnnmﬂbemumed

21.4.I£ d&oﬁrﬁmafﬁteummdmmmtmtedb
jons 33 known, ¢ach dose In mrads shall

88
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bo multiplied by the app riata REBE 10 colain the dose
in mrema The RE {whether pr{mary

elachmmneﬁ mdimtiﬁm
?.mThe Rgﬂofnautmnuhanbetakegmslo, }%
it the éila&ihution of neutrm energies ie lmown, the BB

et dhside th
30n ceonpying ng otfalde the
wntmlle arven whall nob Incur & dose of more {han 126
mrems in sa«month pariod. If guch regions contain a resi-
dmeeorreguln.r Lace of worls, the dose rate in any
located thera \] bo less 125 myams in a §-oon
o6, Itisremmendad&mtevm!nthsabsenmofmh
lldingsﬂmdmrateahmﬂdbeimt}mnlzﬁmymm
a&monﬂxperiod.]htmmom,:tahnllbet‘mdu ﬁ:e
radiption protectinn officer to ssmure hinmelt thet
no Nkelthood that sny person w}ﬁ[e mmatnmg i these
mwwﬂlmehredoseainm mrema!naa-

perlod.
216 mmﬁﬁmmamomaﬁmdmm
wvn}&bevirtualhnmmues{b
(%oaereueiwved ded the dose received mayhe perlos
mlmwed:doeamtemed nn-ems.

22. Radistion Protection Officer 'f

42,1, Pergovnel vesponsihls for work with beatron
gourees shall also be res for radiation safety. X a
neutron gouree s oo of & "mingmoreﬂwhﬂm
?‘mmﬂﬁl‘v% vreek dugtoalhonm radiations emitied
n accansible Yegtons inside or oufsids ap-
pid g,  rdaion potein ot s s o Gatie

nated b ent eqncerved, Hixmponsﬂ&}hties
Bha“%*‘nm%matedmimlasmmneeintthm and
a, Pumi
gemﬂngigfmakinsofarumdhﬁons mwgghmf
oS ave nyo
mathesoumwiﬂuegardﬁo
the rad?aﬁm wfeh! rulen sat forth below.
fieation m workingmarﬂnesomeo:
angspee{al hazards
Awarenesa of umotauch pmonnelfrmnaddp
Hons) souvees of 1o yadlation,
a. Raporting of on hazarda or unsafe practices to

ﬂ-.e proper authoritles for sultable action whenever neces-
sery.

4

The radiation protection officar nhould he familiar with
the contents of this Hendbook, wnd neam suffglert
training and eotpetianae fo, undorstand and apply perttmnt

rcviaions. usey of the soumora nemonemnluy in

R redalon prohacion QA sy Atoge SuhEs b ok

"guided el%’”
mpans‘bﬂ;ty Heslmubegm by advice {rom qualified
experty if necessary.

o g chocagn i S oy oF opetacion 5 e ouven

mofy of operal @ SoUrca

ﬂ:eae affect the radistion

28.8, The radiation protection oﬂiear should leep racords
of pernonnel exposure and aves dose levels,

23. Radioactive Sonrass

£8.1, Neutron spuvces containing materials that con.
stitute & potential huzavd of inhalation or Ingestion
dus to their radiologicsl toxicity shalt be aea!ed semmly
or handled wder eondit&ons thet otherwise ol

hazards fnvolved,

23,2, A neutron souree having a surface dese exceeding
pLi] memspermlenﬂar wmduh Mn%:aﬂimms
emitted, shall ba abel or stored 1In 5 labeled

container. The label shall contain information on the nature
and intensity of the soures,

e 500 mretoa e aooh be mmm'“'mdﬁe s
]
contaimer conforming with 28

28.4. Whenthemishastom coptafner, Jess than
200 myems/hr shall be delivered of eonhinar surface and
esy than 10 mrems/by al 1 mater fromﬁle gontainert
These requirements need not ha fuifilied i the re
around the source are marked as described i 28.5 and

28.5. When such & source is removed from its storage
container, any agcessibla location In which more than 7.6
mmns{hrmddiveredﬂmﬁbemagmdby o cleadly

barriar or means equally affective in Impeling
unintentional aceess,

28.6. When the source is removed from & storage oon-

e atans o Sty Tasio ot sl
rens/hr are deliv #
that indieate the hpeard.

“Thiny fgures huve bean chowm ta ] L
of yomes shpmint In sccapdatior with I m-’,”’ vaed for vory
L3 Tl a5





