Los Alamas Aiedei®inm, LOS ALAMOS NATIONAL LABORATORY
- ENVIRONMENTAL RESTORATION
Records Processing Fucility
ER Records Index Form

ER Record 1.D.# 59928

LR ID NGO, 59928 Date Received: 11/13/98 Processor: YCA  Page Count: 89
Privileged: ‘(Y/N) N Reeord Category: P Record Package No: 0

FileFolder: N/A

Correction: (Y/N) N Corrected No. 0 Corrected By Number: 0

Administrative Record: (YN) Y
Refilmed: (Y/N) N Ol ER ID Number: Q New ER ID Number: 0

Miscellaneous Comments:

REFERENCE CITED

L

14038

vt o+ P bt A Ak M o —— 7 © g e 4 S B 0§ A = i o At e b b AT S o o ed e e e

THIS FORM IS SUBJECT TO CHANGE. CONTACT THE RPF FOR IATEST VERSION. (JUNE 1997)

e QOO s o




Enmnm-nul Hestomiion

trorte hrovesemny Faauty LOS ALAMOS NATIONAL LABORATORY
1 ENVIRONMENTAL RESTORATION
' Records Processing Fucility
ER Records Index Form

ER Record 1.D.# 59:‘32

ERID NGO, 59928 Date Received: 11/13/98 Pracessors YCA  Page Count: 89

32 (DD e Q0

Privileged: .(Y/N) N Record Category: P Record Package No: 0
FileFolder: WN/A

Correction: (Y'N) N Corrected No. 0 Corrected By Number: 0
Administrative Record: (Y/N) Y

Refilmed: (Y/N) N Old ER ID Number: Q New ERID Number: 0

Miscelluncous Comments:

REFERENCE CITED

——— [ [ — P — - e e e e

THIS FORM IS SUBJECT TO CHANGE, CONTACT THE RPF FOR IATEST VERSION, (JUNF 1997)




‘ \ -
LM107-01.1

Decembeor 23, 1894

Los Alamos National Laboratory

radiological
control
manual

Los Alamos’ ey ERPEF |

NATIONAL LABORATORY CONJV 13 elaf

‘\ y__::—i



Los Alamos  CONTROLLED DOCUMENT
National Laboratory (Uncontrolled Document: {f not printed in red)

Copy Number

Users have the ultimate responsibility to ensure that
they are working with the latest revision of the controlled
document.

1)+ COPG0U « s dbaps

LABORATORY MANUAL

LOS ALAMOS NATIONAL LABORATORY
RADIOLOGICAL CONTROL MANUAL

LM107-01.1
(LABORATORY DOCUMENT CONTROL NUMBER 162)

Effective Date: December 23, 1994

216 RMDC (12/94)




LM107-01.1 -

APPROVALS

Wy [OFRGGUT e <3501

, .
Prepared by: MZ@M/ -~ Z{QZJ/ Date: /»2/57- 2/74
William F, Eisele
ESH-12 Policy anpd/ Documentation Team Leader

Approved by: ﬂ . [M - Date: Jﬂ/ 2‘”//4
Uogeph M., Graf 77
Radiation Proteck€n Program Manager

Approved byQ&l%j M'Q%Z:_/ Date: /j’/'?/(/f/

oseph M. Ortega, Director ()
Laboratory Policy and Coordination Office

Approved by: b}-\ l»fi Date: W/LV/S‘)/

Derfnis J. Erickson

Environment, Safety, and Health Division Director

Approved by: S e ST s s Date: w—/-:,:,/t;c/

James F, Jackson
Los Alamos National Laboratory Deputy Director

Effective Date: December 23, 1994



LANL RADIOLOGICAL CONTROL MANUAL December 23, 1994

DEPARTMENT OF ENERGY
Radiological Health and Safety Policy

It is the policy of DOE to conduct its radiological operations in 2 manner that ensurcs the health and safety of all its
ermployees, contractors, and the general public, In achieving this objective, DOE shall ensure that radiation
exposures to its workers and the public and releases of rudioactivity to the cnvironment are maintained below
regulatory limits and deliberate efforts arc taken to further reduce exposures and releases in accordance with a
process that secks 10 make any such exposures or releases as low as reasonably achievable, The DOE is fully
committed to implementing a radiological control progrum of the highest quality that consistently reflects this
policy.

In meeting this policy, DOE shall do the following:

1. Establish and maintain a system of regulatory policy nnd guidance reflective of national and internutional
radiation protection standurds and recommendations. The Assistant Secretary for Environment, Safety and
Health (or the Director, Naval Reactors, for that program) has responsibility for promulgating and maintaining
policies, standards, and guidance related to radiological protection, Departmental radiological protection
requircments are, at 8 minimum, consistent with the Presidentially approved Radiation Protection Guidanee to
Federal Agencies developed by the Environmenta] Protection Agency in nccordance with its mandated Federal
guidance responsibilities, Depantmenual requirements often are more stringent and reflect, as appropriate,
recommendations and guidance from various national and interational standardsssetting and scientific
organizations, including the International Commission on Rudiological Protection, the National Council on
Rudiation Protection and Measurements, the American National Standards Institutes, and others, The DOE
requircments related 1o radiological protection will be set forth, as appropriaie, in rules and DOE Orders, and
guidance documents will be issued on acceptable means © implement these requirements,

2. Ensure personnel responsible for performing radiological work activities are appropriately trained.
Standards shall be established to ensure the echnical competency of the DOE work force, as appropriate,
through implementation of standardized and mandated radiological training and development programs.,

3. Ensure the technical competence of personnel responsible for implementing and overseciug the
Radiological Controls Program. An appropriate level of technical competence gained through cducation,
expericnee, and job-related technical and professional training is a eritical component for achicving the goals of
the Department's radiological control policy. Qualification requirements commensurate with this objective
shall be established for technical and professional radiological control program positions and shall, ata
minimum, be consistent with applicable industry standards and promote professional development and
excellence in rudiological performance,

4, Establish and maintuin, from the lowest to the highest levels, line management involvement and
accountability for departmental radiological performance, The responsibility for compliance with DOE
radiological protection requirements, and for minimizing personne! radiation exposure, starts at the worker level
and broadens as it progresses upward through the line organization, The Department's line managers arc fully
responsible for radiological performance within their programs and the ficld activities and sites assigned 1o

them, and shall 1ake necessary actions 1o ensure requirements are implemented and performance is monitored
and corrected as necessary,

5. Ensure radiological measurements, analyses, worker monitoring results and estimates of public
exposures are accurate and appropriately made. The capability to accuratcly measure and unalyze
radioactive materials and workplace conditions, and determine personne! rudiation exposure, is fundamental 1o
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the safe conduct of radiological operations, Policy, guidance, and quality control programs shall be directed
towards cnsuring such measurcments are appropriaic, accurate, and based upon sound technical practices,

6. Conduct radiological operations in a manner that controls the sprend of rudioactive materials and

" reduces exposure to the work force and the general public and that utilizes a process that seeks exposure
levels as low as reasonably achievable. Radiological operations and activities shall be preplanned to allow (or
the effective implementation of dose and contamination reduction and control measures. Operations and
activities shall be performed in accordance with DOE conduct of operations requirements and shall include
reasonable controls directed towards reducing cxposure, preventing the spread of radiological conamination,
and minimizing the generation of contaminated wastes and the release of effuents,

7. Incorporate dose reduction, contamination reduction, and waste minimization features into the design of
new facilities und significant modifications to existing fucilities in the eurliest plunning stages. Wherever
possible, facility design features shall be directed towards controlling contamination at the source, eliminating
airbome radioactivity, maintaining personncl exposure and efTluent releases below regulatory limits and
utilizing o process that seeks exposure Jevels and releases s low as reasonably schievable, Rudiological design
criteria shall reflect appropriate consensus recommendations of national and international standards setting

STOUps.

8. Conduct oversight to ensure departmental requirements are being complied with and appropriate
radiological work practices are being implemented.

All departmental clements shall conduct their radiological operations in & manner consistent with the above policies
and objectives,
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PART 1 LANL Radiological Control Manual

13T

111 Radiological Control Policy

3G

A key clement of the Radiation Protection Guidance to the Federal Agencies for Occupational Exposure approved
by President Reagan on January 20, 1987, and a fundamenial principle underlying this manual is the following:

“There should not be any occupational exposure of workers o ionizing radiation without the expectation of
an overall benefit from the activity causing the exposure.”

The Department of Energy (DOE), the University of California (UC) at Los Alamos National Laboratory (referred to
in this document as LANL or “the Laboratory™), and LANL's subcontraciors are firmly commitied 1o having a
Radiological Control Program (referred to at LANL as “Radiation Protection Program™) of the highest quality. The
Radiation Protection Program applies o LANL activities that concemn the management of radiation and radicactive
materials and that may result in radiation exposure to workers and the public und unplanned releases of radioactive
material to the environment,

DOE's radno)ogncal control policy, shown below, summarizes the clements of DOE's radiological health and safety
pohcy and is intended to guide the actions of cvcry person involved in rudiological work throughout the department
and its contractors and subcontractors,

[ R

DOE RADIOLOGICAL CONTROL POLICY

ALARA

Personal rudiation exposure shall be maintained as low as reasonably achicvable (ALARA).

below regulatory limits and such that there is no radiation exposure without commensurate benefit,

OWNERSHIP

Each person involved in mdnologlcal work is expected 1o demonstrate responsibility and accountability through
an informed, disciplined, and cautious attitude toward radiation and radiouctivity,

EXCELLENCE

Excellent performance is evident when radiation exposures are maintuined well below regulatory limits,
conamination is minimal, radioactivity is well controlled, and radiological spills or uncontrolled releases are
prevenied,

Continuing improvement is essential to excellence in radiological control.
LANL Dircctor's Policies DP107, “Radiation Proteetion,” and DP110, “Quality,” establish LANL's radiological
control policy,

I Radiation exposure of the work force und public shall be controlled such that radiation exposures are well
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112 Manual Applicability and Control

The LANL Radiological Control Manual establishes practices for the conduct of radiation protection activities at all

. LANL facilities except those at the Nevada Test Site (NTS). NTS has established its own site-specific radiological
control manual to ensure consistent, high-quality radiological control for all user organizations at the site, The ZANL
Radiological Control Manual applies to LANL (UC) employees, contractors and subcontraciors (e.g., maintenance
subcontractors), visiting scicntists, DOE or Department of Defense personnel, members of the public, and any other
personnel who perform work at LANL or visit LANL in an official capacity, The LANL Radiological Control
Manual staies DOE's positions and views, as adapted by LANL, on the best courses of action currently available in
the area of radiological controls. Accordingly, the provisions in the LANL Radiological Control Manual should be
viewed by all LANL employees and subcontragtors as acceptable techniques, methods, or solutions for fulfilling
their duties and responsibilities in the area of radiological control, The LANL Radiological Control Manual shall be
uscd by DOE, LANL line management, and the Laboratory Audits and Assessments Office (AA) in evaluating the
performance of its employees and subcontractors,

Most of the LANL Radiological Control Manual is taken verbatim from the DOE Radiological Control Manual. As
necessary, the DOE Radiological Control Manuat was modified and supplemented to make it applicable to LANL.

The LANL Radiological Control Manual is not a substitute for regulations; it is intended to be consistent with all
relevant statutory and regulatory requirements, and it shall be revised whenever necessary to ensure such
consistency, Some of the provisions in the manual, however, challenge the user 1o go well beyond minimum
regulatory requirements, Following the course of action delincated in the manua! shall result in achieving and
surpassing related statutory or regulatory requirements.

1. = The provisions of this manual apply 1o DOE or DOE-funded activities performed at LANL where radiation or
radioactive material is present or being used. Laboratory management is responsible for complying with the
requirements of 10 CFR, Part 835, “Occupational Radiation Protection,” as delincaled in the Laboratory's 10
CFR 835 Radiation Protection Program (RPP), The DOE-approved RPP documents the Laboratory’s
commitments to and cxemplions from the requirements of the 10 CFR 835 rule, 19 CFR 153w, LI

2. [Reserved]

= The lead DOE Headquarters Defense Programs program sccretarial officer and the Office af Environment,
Safcty, and Health shall be included in the review and concurrence process in these situations, In those cases at
non-DOE sites or facilities in which a specific radiological activity is being conducted pursuant o an NRC or

agreement state license, the provisions of the LANL Radiological Control Manual are not binding to that
activity, 19 CFR 530), K35301()

3. The provisions of this manual are not binding upon activitics at LANL that are mandated by legislation to be
performed pursuant to an NRC license, including activities certified by the NRC under scetion 1701 of the
Alomic Energy Act.

4, The LANL Radiological Control Manual is a living document. LANL, with input {rom appropriate
subcontractor organizations, intends to review and updale provisions on a periodic basis 10 incorporate lessons
learncd and suggestions {or improvement. The Environment, Safety, and Health (ESH) Division is responsible
for this task. Recommendations to correct or improve the LANL Radiologicat Control Manual are encournged
and may be sent to the Policy and Program Analysis Group (ESH-12). The recommended wording of the
change u.:g the LANL Radiological Control Manual, as well as the basis and justification for the change, is
requesied,

DOE also intends to review and update provisions 1o the DOE Radiological Control Manual on a periodic basis
1o incorporate lessons learned and suggestions {or improvement, The assistant secretary for Environment,
Safety, and Health is responsible for this sk, Recommendations to correct or improve the DOE Radiological
Control Manual are encouraged and should be sent through ESH-12 to the DOE Radiological Control Program
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advisor (Articic 151)! of the DP program secretarial officer. Information copics should alse be sent to the other
members of the Radiological Control Coordinuting Committee (Article 153), The seeretarial officer will
transmit such recommendations to the Office of Environment, Safety, und Health for consideration, The
recommended wording of the change o the DOE Radiological Control Manual, as well as the basis and
justification for the change, should be included.

DOQE has incorporated by reference the provisions in the DOE Radiological Control Manual into the LANL
contract with the University of California, These incorporated provisions shall be enforeenble by DOE pursuant
10 the contract or underlying regulations, No exception to or interpretation of an incorporated provision shall be
provided pursuant o the contract, When incorporating a provision, LANL submits 1o DOE f{or upproval an
implementation plan that includes a compliance sehedule, Implementation of the DOE Radiological Control
Manual is expected, as described in the LANL Radiological Control Manual and implementation plan, 10 take
place over a period of time consistent with the schedules and resourees identified in the DOE.approved
impiementation plan, The lead program secretarial officers in DP at DOE Headquarters will be included in the
review and congurrence process {or the LANL implementation plan.,

The DOE Radiolugical Control Manual shall be kept current and should be entered into the LANL document
control sysiem, The Office of Environment, Safety, and Health shall ensure that o current version of the DOE
Radiological Control Manual is maintained on the DOE Safety Performance Measurement System (SPMS),

The provisions of the LANL Radiological Conirol Manual do not apply to facilitics and activities of the Naval
Nuclear Propulsion Program, which are covered sepurately under Exceutive Qrder 12344 (42 U.S.C 7158, note),
and patients undergoing medical treatment at a DOE or DOE-funded facility.

= Nothing in this manual und its implementing documents shall be construcd as limiting actions that may be
necessary lo protect health and sufety, 19 CFR1033)

The table in the Appendix of this manual refers 10 specific hierarchical Laboratory policies, standards,
procedures, and other documents that further implement the requirements of the manual, These relerences are
listed for information only: the user is responsible for confirming that the referenced documents can actually be
used 1o implement the requirements,

The wble in the Appendix of this manual may be revised withou! revision of the body of the manual, The
Radiation Protection Program manager or designee is responsible for reviewing and approving revisions o the
table, and a revision is effective when approved by the Radiation Protection Program manager or designee. The
table will carry the same numnerical revision number as the body of the manual, with an alphabetical character
(a, b, ¢, etc.) added to truck table revisions when the body of the manual is not revised,

For example, revision 1.¢ of the table correspands (o Revision 1 of the munual, but shows that the table has been
revised Lwice (revisions 1.b and 1.¢) since Revision 1 of the manual was issucd. When the body of the manual is
revised, the numerical revision number of the table shall be set to the manual revision number, and the alpha
charucter indicator of the tible will be reset o “a.”

IThe term “unticle” is used to reference portions or sections of this document. For case of communications, portions
of this document should be referred to as anicles. For example, the appropriate reference (o the article containing
this footnotc is Article 112.4,

1.3
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113  Compliance

L.

[

The DOE Radiological Conirol Manual sets forth DOE's views on the proper course of action in the arca off
radiological control within the scope of DOE-sponsored activities. The LANL Radiological Control Manua!
defines the application of the DOE Radiological Control Manual to LANL activitics and describes how LANL
implements the DOE guidance. When LANL fully implements a provision, LANL shall have complied with,
and most likely exceeded, any related sttutory, regulatory, or contractual mqum:mcm. When incorporated into
contracts, the provisions of the DOE Radiological Control Manual are binding requirements, The words “shall™
and “should”™ have the meaning defined below when a provision is incorporated into n contract,

The word “shatl” identifics those clements and requirements that have been considered and found by DOE to be
mandatory unless prior approval of an alternative approach is obtained from DOE Headquarters. If LANL
wishes 1 implement an altemative appronch, LANL shall submit the internally approved suggesied alternative
approach to the lead DOE Headquarters DP program seerctarial ofTicer for review, Before final approval by the
lead DOE Headquariers DP program secretarial officer, other affected program secretarial officials and the
Office of Environment, Safety, and Health shall concur on the suggested alternative approach. The submittal
shall contain the description of the alternative approach, the technical rationale and basis, the suggested
wording, and the justification that the alterative will achieve equal or improved performance employing cqual
or batter techniques, solutions, or methods,

The development of the submittal is joinuy coordinated by the originating organization, the Laboratory Policy
Coordination Office (LPCO), and ESH-12, The submittal will be approved by the Radiation Protection Program
manager and-the Laboratory director or designee.

The word “should™ means LANL has the responsibility of cither following the provxsxon or demonstrating
technical equivalency by an alterative solution. The use of “should™ recognizes that site- or facility-specific
attributes may warrant speeial treatment and that literal compliance with the elements and requirements of the
provision may not achieve the desired level of radiological control performance, In cases in which LANL
decidcs to follow an alternative technique, approach, or method in licu of the “should™ provision, the following
actions are required:

a2, The alternative solution shall be documented by the originating organization, with supporting technical
basis, analysis, and justification 1o demonstrate technical equivalency.

b. Before implementation, the approval of the LANL Radiation Protection Program manager and the
Laboratory director or designee shall be required. DOE approval is not required or expected,

¢. The documented justification, including the required LANL approvals, shall be readily retrievable for
review and audit by DOE.

d. Atthe conclusion of cach calendar year, LANL shall provide to the DOE Los Alamos Area Office
(DOE/LAAQ) ficld office manager and the lend DOE Headquarters DP program secretarial officer a
wbulation of all such cquivalency determinations approved within the past 12 months, For case of
reference, these may be referred to as Article 113 determinations, The tabulation of the Article 113
detcrminations is maintained by ESH-12, The submital of the tabulation is made by the LPCO with the
approval of the LANL Radiation Protection Program manager and the Laboratory director or designee.

= An arrow indicates LANL Radiological Control Manual text that implements a specific 10 CFR 83§
requirement, The reference itself, cited in superseript, indicates where the text ends, Outline arrows (), as
opposed 1o filled-in arrows (=), indicate 10 CFR 835 material within 10 CFR 835 maierial, Failure to follow the
requirements contained in this text could result in ¢ivil and/or criminal legal action against the Laboratory,
ﬁ“é’&“ﬁ% )cmployccs. or subcontractors, This text may not be modified in any way without consulting ESH-12,

1-4
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114 Site-Specific Manual

1.

The LANL Radiological Control Manual (this document) shall be issucd and endorsed by the Laboratory
director or designee, The LANL Radiological Control Manual docs not require review or approval by the DOE,
LANL's approach Lo the development of the LANL Radiological Control Manual is 10 invoke the provisions of
the DOE Radiological Control Manual as written with site-specific additions clearly indicated, included in the
approprintc chapters, and directly referenced to the corresponding anticle. Additions and supplements to address
unique situations or to provide more dewiled or prescriptive direction may be included only if these additions do
not conflict with or diminish the requirements of the DOE Radiological Control Manual, The Laboratory
director has final, on-sile corporate authority with respect w the LANL Radiological Control Manual,

LANL management policies, requirements, expectations, and objectives for the LANL Radiation Protection
Program should be clcarly and unambiguously stated in the LANL Radiological Control Manual, Because this
manual conveys program requirements for the LANL Radiation Protection Program, a separate program
requirements document (PRD) for the program will not be developed and issued,

The LANL Radiological Control Munual shall be Kept current and entered into the LANL document control
system,

There should be one LANL Radiological Control Munual for the entire Laboratory and one radiation protection
organiziution at LANL comprising the Health Physics Operations Group (ESH-1), the Health Physics
Measurements Group (ESH-4), and the Policy and Program Analysis Group (ESH-12) (see Article 141). Each
facility may have facility-specific programs and procedures that implement the LANL Radiological Control
Manual, but the intent and requirements in the LANL Radiological Control Manual must be maintained, Some
of the documents describing these programs and procedures are listed in Appendix 1A,

= Subcontractors shall comply with the LANL Radiological Contro! Manual, 19 CF K5101(a)

Where DOE employees arc conducting the transport of nuclear deviees or components at LANL, a programs
specific rdiological control manual, based upon the provisions of the DOE Radiological Control Manual, shall
be issued and approved by the LAAOQ ficld office manager. Controlled copies of such DOE program-specific
munuals shall be provided to the lead DOE Headquarters DP program secretarial officer,

Change bars in the right-hand margin indicate where LANL.specific text has been added or where the DOE
manual text has been significantly modified,

115 Applying the Requirements

1.

[ &

‘The DOE Radiological Control Manua! assumes that the Laboratory has organizations in place that generally
meet the requirements presented in the text, DOE doces not intend that the Laboratory creale new or separaie
organizations if those functions cin be incorporated into existing ones. For example, the radiological awareness
commilice functions of Article 132.3 may be performed by an existing safety commitiee, 1t is expected,
however, that the existing committee charter will be revised to refleet the requirements and emphasis of the
LANL Radiological Control Manual. Similarly, position titles thut are used in the DOE Radiological Control
Manual may be designated differently in the LANL Radiological Control Manual, A phased approach to
transition 1o the use of the titles of positions in the LANL Radiological Conirol Manual should be udopted.
Corresponding position descriptions and organizational charts should be revised 1o accurately reflect required
radiological responsibilities,

The degree of program formality and cxicnt of the associated administrative process arc expected (o be
commensurate with the radiouctive material contamination and dose potential, For example, a facility with an
annual collective cffective dose equivalent of 1 personsrem or less, where people work with small quantities of
unsealed radioactive material, would not be expected 1o have un as low as reasonably achievable (ALARA)

1.5
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program us complex as onc required at high-dosc facilities, At lowsdose facilities, some program elements may
be satisfied by brief policy statements,

116 User Groups

1, The DOE Radiological Control Manual encourages DOE contractors to establish informal working associations
that promote dialogue among the radiation protection organizations from comparabie DOE (acilities. The DOE
recommends that user groups should include representation from various contractors, Members should be
assigned to the user groups on a rotating basis.

To assist contractors in identifying and adopting proven practices and implementing procedures in a timely
manner within the DOE complex, the DOE encourages contraciors to develop, through the user groups,
rdiological work practices handbooks that can be used by a given category or class of facilitics associated with
the user group.

[ 24

The DOE's suggested user group categories are as follows:

Reactors

Uranium

Environmental restoration/waste management
Plutonium

Tritium

Accelerators

Large rescarch and development laboratory operations

Small research and development laboratory operations (annunl collective effective dose equivalent of 1
person-rem or less)

op

Fm oo ap

The development of such handbooks should be coordinated with the DOE Qffice of Environment, Safety, and
Health,
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PART 2 Leadership In Radiological Controi

Superior, consistent performance is achicved when qualified personnel use approved procedures and managers
actively monitor the workplace and assess ongoing activities, Such activities include, but are not limited 1o,
operations, remediation, laboratory work, rescarch and development, and eleanup, Constant review and informed
interest by senior line managers, the operating divisions, the operating groups, and ESH Division are required to
achieve a superior radiation protection program, Managers lcad by cxample, What managers do speaks louder than
what managers say, Managers at all levels should emphasize the need for high standards for radiological control
through dircct communication, instruction, and inspection of the work space. The LAAO ficld office manager and
the Labornory director should have a basic knowledge of radiation, its effects, and radiological control
requirements, The LAAO field office manager and the Laborawry director should also be familiar with LANL's
current radiological performance record, Key principles common in a successful, wellemanaged radiation protection
program arc provided in this chupter,

121 Senior Management Commitment

1. LANL senior managers should cstablish high standards for the adherence of their workers to radiological
control requirements, These standards and management expectations should be frequently communicated to the
work foree,

(84

Senior management has stated in writing its commitment 1o & radiation protection program of the highest quality
by issuance of Dircctor's Policy DP107, “Radiation Protection,” Management commitment and support are
demonstrated by allocating sufficient resources, including personnel, and providing for training 10 ensure
workers arc qualificd for their assigned duties,

3. Managers should ensure that oricntations and training reinforce rules and guidelines for cach worker 1o
minimize radiation cxposure and control radiological conditions, such as contamination,

4. Managers should hold workers and their supervisors accountable for radiological control performance, Relevant
knowledge and performance should be assessed as a specific part of each person's performance evaluation, This
assessment should not be limited to those who work with rudiation or radicactive materials, because many other
workers have an impact on the radiation protection program.,

5. Senior managers should solicit feedback (rom their radiological control professionals, line managers, and
workers on radiological centrol performance.

6. Scnior managers should adopt and promote a positive attitude toward radiological control that encourages
initiatives to identify concerns at an carly stage, Lo prevent problem situations from deteriorating, and to
promote doing the right job correctly the first ime,

7. Preventing the spread of radiouctive contamination is less costly than remediation after the fact. Managers
should be willing to accept chanye that will improve radiological control and should foster this mind set
throughout LANL, .

8. Scnior managers shall require and approve radiological performance goals, Goals should be measuruble,
realistic, auditable, and chullenging. Established goals should not be changed without technical justification and
senior management approval, Senior managers shall review progress toward the goals at least quarterly,

9. A performance indicator program for measuring the effectiveness of the Radiation Protection Program against
predetermined goals and determining trends in the program should be established and maintained by the
Laboratory’s Appraisal and Performance Analysis Group (AA-1) with support from ESH-12 as pant of the
quarterly reporting requirement Lo senior management,
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10. Line managers are responsible for identifying the workers in their organization whose duties elussify them as
radiological workers and ensuring that these workers receive the necessary training, The authority and
responsibility for establishing a comprehensive and effective Laboratory-wide radiological control training
program should be assigned o line managers and their subordinates. Training, in most cases, should be
provided by a dedicated training organization,

11. Senior managers and line managers should be alert to opportunities for minimizing the generaton of
radiological waste and discharges to the environment, controiling contamination at its source, and reducing
rodiation exposure 10 workers and members of the public,

12. Reporting a problem (o a superior at LANL or DOE does not absolve the line manager or worker from promptly
{ixing or mitigating a situation,

13, Scnior and line managers and the Radiation Protection Program manager should be commiued to applying the
principles of quality management to the LANL Radiation Protection Program.

122  Worker Attitude

Minimizing worker radiation exposure can be achieved only if all people involved in radiological activities have an
understanding of and the proper respect for radiation,

1, Each radiological worker should understand that proper radiological control is an integral part of his or her daily
dutics,

2. Improving the attitude of the work force should be supported by the training program, To achieve this, training
personnel need to be knowledgeable about the work environment and those aspects of radiological control that
are impartant to developing a better worker attittde and perspective.,

3. Theaditude that constant improvement is required in radiological work should be developed at all levels of
management and in the work {orce, Cooperation among all workers having potential contact with radicactive
materials and radiation-generating devices at LANL (e.g., the work force) and the radiation protection
organization has 1o be developed and fostered, The workers should not look upon radiological controls as
hurdles or restrictions to be bypassed,

4, Radiation protection organization personnel should be helpful in showing workers how to follow the rules, This
spirit of cooperation needs 10 be developed without subverting the authority of the radiological control
technicians. A siluation in which radiological controls are left solely to the radiation protection organization is
unacceplable,

123  Worker Responsibilities

Trained personnel should recognize that their actions dirccUy affect contamination control, personne! rdistion
exposure, and the overall radiological environment associated with their work, Personne! shall take precautions (o
protect themselves, theirassociates, and the public from unnecessary exposure to radiation and radioactive materials
under their control, The following radiological control rules apply to each person in the workplace, A poster that
displays the worker responsibilitics listed below should be produced and displayed at appropriate ageess points and
work arcas,

18
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TO MINIMIZE YOUR RADIATION EXPOSURE AND CONTROL RADIOACTIVITY,
OBSERVE THE FOLLOWING RULES.

P W |
H

OBEY

» Posted, written, and oral radiological control instructions and procedures, including instructions on
radiological work permits,

= “Evacuatc” and “siop work” orders from radiological conrol personnc! promptly in accordance with
. Director's Policy DP116,

DO NOT '

= Loiter in radiation areas,

* Smoke, cat, drink, or chew in Controlled Arcas and Radiological Buffer Areas (controlled for
contamination purposcs), Contamination Arcas, High Contamination Areas, or Airborne Radioactivity
Areas,

BESURETO

s Wear personnel monitoring devices where required by radiological work permits, signs, procedures, or

radiological contro! personnel, Report immedintely the loss, damage, or unexpected exposure of

personnel monitoring devices or off-scale readings of sclf-reading or clectronic dosimeters to the

radiation protection organization,

*  Kcep track of your radintion exposure stutus and avoid exceeding radiological administrative control

levels and RWP-specific exposure limits,

»  Wear personal protective equipment and clothing properly whenever required by radiological work
permits, procedures, radiological control personnel, or postings.

» Minimize the spread of potential radioactive spills and promptly notify your spill coordinator, the

Emergency Management and Response Group, and the spill response tcam.

Avoid contact of skin, clothing, and cquipment with contaminated surfaces,

Ploce contaminated tools, cquipment, and solid waste items on disposable surfaces, such as plastic

sheets, when not in use,

» Notify radiological ‘control personnel of alarming or faulty radiological control or monitoring

L
5

cquipment,

* Notify radiological control personnel of off-site occupational radiation exposures so that worker
dosimetry records ¢an be updated,

BEFORE ENTERING AREA

»  Ensure that you are mentally alert and in physically sound condition.

* Limit the amount of material taken into contaminated arcas 1o minimize radioactive waste and future
decontamination,

e Have necessary materials and equipment on hand (0 complete your task, thereby minimizing time and
cxposure,

» Notify radiological control personnel of the presence of open wounds, sores, or rashes before entering
an area where contamination exists, and cxit immediately if you receive a wound while in such an aren,
UPON LEAVING AREA

»  Properly remove personal protective cquipment and clothing to minimize the spread of contamination,
= Frisk or be frisked for contaminauon when leaving posted Contamination, High Contamination, or
Airborne Radioactivity Areas and associated Controlled and Radiological Buffer Areas, and notify
radiotogical control personnel when contamination is found.
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124 Radiation and Risk Communication

Because of the continuing concems many people have about low radiation exposure and health impacts, managers of
radiological workers should be trained to deal with the worker®s perceptions of radiation risks, Managers and first-
line supervisors should be sensitive to the fact that workers have 1o understand the fundamentals of radiation, its
risks, and their role in minimizing exposure. It is not sufficicnt to rely solely on regulatory limits for estblishing or
defining ncceptable work practices and work environments.

1

[ &

ESH-1 personnel (managers, stalf,, and radiological control iechnicians) and other appropriate personnel in
ESH«4, ESH-12, and the linc organizations (¢.g.. linc organization ALARA ¢oordinator) should receive training
that is helpful in dealing with workers who have anxiety about radiation, This training should include the
following:

a. Guidance on handling such personnel interactions
b. Emphasizing the facts

¢. Fundamentals of communicating risks

d. Importance of keeping management informed

Some personnel, such as those who may have internal deposition of radionuclides from previous years, are
concerned about future exposures. Such instances warrant special aticntion on the part of the line manager and
the radiation protcction organization, Counseling with such personnel should be the preferred way 0 consider
relevant factors, In some cases, special control levels (Article 216) should be applicd,

125 Conducting Rudiological Operations

ll

[ &4

3

-

The LANL Radiological Control Manual is consistent with the guidance in DOE 5480,19, “Conduct of
Operations Requirements for DOE Facilities,” The concepts of all chapters in DOE 5480.19 apply o the
conduct of radiological control.

As appropriate, managers at all levels are expected to be involved in the planning, scheduling, and conduct of
radiological work. Ensurance of adequate radiological safety should not be compromised to achieve production,
remediation, or research objectives.

First-line supervisors of radiological workers should be technically knowledgeable and inquisitive and should
ask questions of the work force concerning radiological work details o verify worker comprehension,

Line managers of radiological workers should periodically monitor work areas 10 observe personnel at work and
10 identify discernidle radiological deficiencics (i.c., “walk the spaces™), Frequent inspections and walke
throughs, including those conducted during ofT-hours and weckends (where appropriate), are essential to
reinforce management expectations of the work force.

Managers, first-line supervisors, and workers should be involved in developing accurate, clear, written
procedures (¢.8., safc operating procedures) for performing radiological work. If, while using a procedure, a
writtien requirement cannot be responsibly followed, the work should be stopped and guidance obtuined {rom
the cognizant supervisor or line manager,

Firstline supervisors and managers should encourage the work force to identify radiological control
deficiencics and concerns. Prompt action should be taken to address and climinate identified issues and prevent
recurrence, Retraining and procedure review are uscful in addressing these issves,
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7. Managers and first-line supervisors should establish working conditions that encourage improved radiological
control. This includes .emperature, humidity, and lighting as well as the more difficult considerations of
accessibility, Work conditions should be considered in planning work.

8. Cleanliness and good housckeeping are essentinl, A good Radiation Protection Program cannot existin a
sloppy, dirty workplace, Cleaning up after operations should be automatic for cach person, 1t is not reasonable
to expect radiological control 1o be separated from the work environment; they go wgether,

9, Subcontractors and subcontracted cmployees should be treated the same as facility staff in the arca of

radiological matters, should have comparable training, and shall mect the same requirements and expectations.
10, Conditions that could cause or promote the spread of contamination, such as a leaking roof or piping, should be
identified and correcied on o priority basis,

126 Improving Worker Awarencss of Radiological Conditions

In performing assigned dutics within rudiological arcas, workers should be familiar with the radiological conditions
in the arca and be aware of the possibility that unforescen changes may occur, Although the conduct of radiological
surveys is viewed as a traditional role of radiclogical control technicians, experience has shown that properly trained
and qualificd workers are capable of performing supplemental radiological surveys in the course of work, This
process results in exposure savings and improved contamination control,

Specific examples of surveys that may be effectively performed by workers and result in exposure reductions
include sclf-monitoring of dose rates when entering High Radiation Arcas and monitoring of tools and equipment
for contamination as a qualitative check during work in Contamination Areas, The performance of legal record
surveys such as release surveys remains the responsibility of qualified radiological control technicians or other
adequately trained personnel under the oversight of the radiation protection organization,

27 Critiques

DOE and LANL desire and expeet, based on concern for the safety and well-being of workers and members of the
public, that radiological work practices will be continually serutinized and questioned so that opportunitics for
improvement ¢an be identified, assessed, and applicd,

A formal critique process should be established to obtain pertinent facts following an unusual radiological situation
or at the satisfactory conclusion of a new or unusual operation involving radiological controls, This process
complements the Occurrence Reporting and Processing System (ORPS) of DOE 5000.3B. The process should be
uscd to quickly establish facts in chronological order so that the underlying reasons or causes for the success or
failure arc well understood. Work force participation should be encouraged. Critiques are a management too! and
should not be used to “fix blame® or “shoot the messenger,”

LANL has established a Radiological Ingident Reporting System (RIRS) to track and delerming treads in incidents
involving radioactive materials and rdintion-generating devices that are below DOE 5000.3B reporting levels
("near migses'),

128  Facility Modifications and Radiological Design Considerations

1. Radiological control perfarmance is affected by human performance and engineered design features, Radiation
exposure rates in coatrolled and radiological arcas should be reduced 10 ALARA levels by facility design and
control, The LANL Radiological Control Manual primarily addresses the way people operate and use existing
focilitics and sites; however, = the primary means for keeping exposures ALARA in new facilities is through
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engincered controls such as confinement, ventilation, remote handling, and shiclding, 10 CFR RSSO}
Administrative controls and procedural requirements arc considered secondary means of achieving control, The
guidelines below apply to the design and modification of facilities. Personal property and programmatic
cquipment (PP and PE), as defined in the glossary of this manual, should be included in facility design and
modification. General design criteria for new facilities and majoe modifications to existing facilities are
contained in 10 CFR 835 and DOE Order 6430.1A. = In addition, the following radiological control design
criteria are provided for new {acilities and major modifications to existing facilities,

a. The design ebjective for limitdng individual dose shall be ALARA and shall not exceed 20 percent of the
radiological-worker annua! dose limits specified in Table 2-1 exceept that the annual design limit for
radiological-worker total effective dose equivalent should not exceed SO0 mrem (10 percent of the value in
Table 2-1), 16 CFR OS1M20)E)
Discharges of radioactive liquid to the environment, covered by the provisions of DOE 5400.5, should not
degrade the quality of the groundwater.
Control of contamination should be achieved by containment of radioactive material,
= Efficicncy of maintenance, decontamination, operations, and decommissioning shall be maximized,
10 CFR DSIMR(d)
. Components should be selected to minimize the build-up of induced radioactivity.

- Support facilities shall be provided for donning and removing protective clothing and for personnel
moniloring, when required, .
= Neutron quality factor of 20 for ¢onditions of unknown spectra (or doubling of the neutron quality factor
associated with known neutron encrgics) should be used for design purposes, 1# CF% B32®) Dagign analyses
based on these neutron quality factors are intended 1o be used 10 estimate the additional construction cost
that would result if the ncutron quality factor were increased. The results of these analyses should be used
to ascertain the economic feasibility for incorporating such modifications in the final design,
DOE Order 6430.1A, “General Design Criteria,” shall be used for facility planning, design, and
construction.
= Optimization principles, as discussed in Inlernational Commission on Radiological Protection (ICRP)
Publications ('37 and 55, shall be used in developing and justifying facility design and engincered controls,
10 CFR BS.1902(s) .
[Reserved]
As a design objective, the exposure of personnel to inhalation, ingestion, absorpton, or injection of
radioactive materials is to be avoided under normal operating conditions to the exient reasonably
achievable. This will usually be accomplished by engineercd design features such as confinement and
ventilation. Respirators may be considered for usc, however, while enginecred controls are being instituted
or evaluated. To the extent that engincered design features are not reasonably {easible in nonroutine
operations, the use of respirators 1o minimize the inhalation of radicactive materials is appropriate, The use
of respirators in licu of cnginecred design features muy be approprinie during emergencies.

Radiological facilitics currently under construction should be evaluated by ESH-1, the Facility Risk
Management Group (ESH-3), and the ESH-12 Radiological Engincering Team as appropriate, and the above
criteria should be applicd where practical,

Existing facility designs that have office space and lunch rooms or ealing areas within Controlied Arcas,
Radiation Arcas, Migh and Very High Radiation Arcas, Contamination and High Contamination Areas,
Airbome Radioactivity Areas, locations designated for the storage of rudioagtive material, and Radiological

Bufler Arcas require priority atiention,

a. In general, locating lunch rooms or cating areas, restrooms, drinking fountains, showers, and similur
facilities and devices within these areas is strongly discouraged. .

b. Ingeneral, Jocating office spaces within these areas is strongly discouraged, To the extent that such space is
essential to support radiological wark, steps should be taken 10 preclude unnegessary occupancy.
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¢. Wcaring protective clothing in an uncontrolied area is not permitted, (This requirement may be allowed on
an interim basis if prior approval is obtained from the LANL Radiation Protection Program manager, This
approval is granted only for a period of time until necessary facility modifications can be nccomplished.)
Commingling of personnel in protective clothing and personnel in personal clothing should be phased out
in existing areas,

d. Elimination of commingling areas shall be emphasized in design of new facilities and shall be a priority in
any modification of existing facilitics.

e,
ESH-3 manages the ES&H (environment, safcty, and health) identificatiomprocess, which is designed 10 assist
the line organizations in identifying ES&H requirements carly in facility modification, facility design, or
process change,

The ESH-12 Rudiological Enginecring Team provides radiological cngjneering services (0 all radiation
protection groups and to all line organizations upon request, These services are of particular value in
determining how to reduce exposures in facilities through the use of gnrifeering design prineiples, This could
upply 1o modification of existing focilitics or 10 the design of new fad
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PART 3 improving Radiological Performance

131 Rudiological Performance Goals

Goals are intended to be a measure of and a motivation {or improvement, not an end in themselves, These
performance indicators are hot 10 be viewed narrowly as numerical goals. These indicators should be used as tools to
assist management in focusing their priorities and attention. The foliowing indicators show where goals may be
established both throughout LANL and at specific {acilities, as appropriate,

1. Collective dose (personsrem): This goal should be based upon planned activities and historical performance, A
goal for ncutron person-rem should also be established for those facilitics and operations where neutron fields
arc present and are a radiological concern, These collective exposure goals are considered ALARA goals.

2, Skin and personal clothing contamination occurrences (number): Personnel contaminations may indicate a
breakdown of controls intended to prevent the spread of contamination,

3. Iniakes of radicactive material {number); Personnel intakes of radioactive material should be minimized and
management should focus attention on any {ailure of the controls that results in intakes.

4, Contaminated area within buildings (square feet): Operating with a smatler contaminated area results in less
radioactive waste, fewer personnel contaminations, and improved productivity, The reduction of existing
contaminated arcas should be balanced by the recognition that this generates radioactive waste, Gouls for both
should be correlated,

5. QRadioactive waste generated (cubic feet): Minimizing the generation of radioactive waste reduces the
environmental impact of LANL operations, helps reduce personnel exposure, and reduces costs associnled with
handling, packaging, and disposal.

6. Liquid and airborne radioactivity released (Ci): Minimizing cfMuents reduces the environmental impact of
LANL operations and reduces the costs associated with remediation,

132 Managing Radiological Performance Goals

1. The Laboratory director or designee shall establish, approve, and maintin a radiological performance goals
program, ESH-12 coordinates this program for the Laboratory dircctor.

2. The performance goals should be measurable, achievable, auditable, challenging, and meaningful in promoting
improvement,

3. Goals should be developed primarily by these responsible for performing the work. Each line organization that
has some involvement with radioactive materials and radiation-generating devices is encouraged to form a
radiological awarcness commitiee that includes the active panticipation of the work force, The radiological
awareness committee may, at the discretion of the line organization, be a newly created entity or may be a
function of an existing quality circle, safety commitiee, ALARA commitiee, or other functional entity,

4. Radiological performance goals should be reviewed at Jeast annually and revised as appropriate, Normally,
more stringent goals should be set each year to reflect the improved radiological performance at the facility, A
goal may be made less stringent to accommodate changes in workload or mission,

S, ESH-12 supports the radiological pesformance indicators program (PIP) maintained by AA-1, which tracks and
wrends performance with regard 10 the established goals.
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133 Radiologica) Performance Reports

l!

The Radiation Protection Program manager (sce Article 141, Paragraph 3), through ESH-12, should provide a
summary report (0 the Laboratory dircctor at least monthly but no less frequently than quarterly, This report
should include at least the radiological performance goals established in accordance with Article 131, Indicators
that provide a more detailed analysis of performance are identified in Table 1-1, Indicators should be contained
in the report for the month as well as tracking and trending information for the previous 12-month period.

The Radiation Protectior. Program manager, through ESH-12, should provide managers with radiological
performance information, such as supplemental dosimeler rcadmgs or volume of waste gcncmcd on a frequent
enough basis (o permit priority management of exposure control, The frequency should be consistent with the
nature of the workload and the rdiation exposure potential,

To promotc workers' awarcness of their radiation exposure status, selected indicators relnied 1o their work
groups should be posted in the workplace by line management,
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Table 1.1 LANL Radiological Performance Indicators

EXPOSURE CONTROL

Collective external effective dose equivalent in person-rem

Average worker external effective dose equivalent in rem

Maximum external effective dose equivalent to a worker in rem

Number of unplanned exposures resulting in doses greater than the administrative control level
Number of dose assessments for lost or damaged dosimeters

Colicetive shallow dose cquivalent (skin) in person-rem

P ppop

PERSONNEL CONTAMINATION

a,  Number of skin and personal clothing contaminations
b,  Number of contaminated wounds
¢. Number of facial contaminations

CONTROL OF INTERNAL EXPOSURE

Number of new confirmed depositions (positive internal intakes)

Number of unanticipated airbome events

Number of alarms on continuous air menitors (actual and false)

Number of Airborne Radioactivity Areas

Area of Airborne Radioactivity Areas in square feet

Collective commitied dose equivalent in person-rem ({rom intakes in one year)
. Number of nasal contaminations

mepap op

@

CONTROL OF CONTAMINATED AREAS IN OPERATIONAL AREAS
a.  Number of Contamination and High Contamination Arcas
b. Arcaof Contamination Areas in square feet
¢. Arcaof High Contamination Areas in square feat
d.  Number of radioactive material spills (meeting criteria in LP107-01.0 and subscquent revisions)

MINIMIZATION OF RADIOACTIVE WASTE
2. Volume and aclivity of radicactive waste in cubic {eet and curics, respectively

b.  Number of cubic fect not subject to volume reduction by incineration, compaction, or other
means

CONTROL OF RADIOACTIVE DISCHARGES
o Activity of liquid radioactivity discharges in curics

m

b, Activity of airborne radicactivity discharges in curies
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134 Assessments

Asscssment, o8 used in the LANL Radiological Control Manual, refers 10 the process of providing independent
fecdback o senior line managers to indicate the adequacy of the Radiaton Protection Program,

1, Inspections, audits, reviews, investigations, and scif-assessments are part of the numerous checks and balunces
needed in o good Rudiation Proteetion Program, = Internal sudits of the Radiation Protection Program shal) be
conducted $0 that over a 3-year period, all functional elements are assessed {or program performance,
applicability, content, and implementation, ! GFR W12 These should be performed by the Laborutory's Internal
Assessments Group (AA-2) und other organizations,

The audit shal! include, but not be limited to, external dosimetry, internal dosimetry, portabie and fixed
instrumentation, respirators, conlamination control, radiological monitoring, ALARA programs, nuclear
accident dosimetry, source material control, x-ray proteetion, training, posting, and records, The guidelines sct
forth in DOE Order 5482.18 shall be followed.

2. Line managers, first-linc supervisors, and workers should look upon assessments as helpful. Assessments should
be upproached openly, with nothing o hide. The Radiation Protection Program should be an open book. Results
of asscssments should be incorporated inio the ongoing process of improving radiological control.

3. Linc managers should encourage the positive view that identifying even minor deficiencies represents an
opportunity for further improvement, The number of deficiencies do not in themselves measure the overall
quality of the Radiation Protection Program, A prioritization sysiem 10 implement actions for resolving the
deficiencics should be implemented.

4, Indeveloping corrective action plans for assessment findings, line managers should address basic underlying
reusons (root causes) for the identified deficiencies or concerng, not just the specific symploms identificd by the
reviewer,

5. Feedback on findings from assessments, root-cause analyses, status of corrective actions, and adherence to
action plan schedules should be frequently provided to line management by the organization performing the
assessment,

13§  Workpluce Awareness

1. Line managers are strongly encouraged o facilitie the expression of concerns on the part of the work foree, o
address such concerns, and o solve them (0 ensure Lthe proper respect for and understanding of radiation,

2. Aradiological awareness reports sysiem should be established as part of the ALARA program and supported by
line munagement, To cnhance work force awareness, the program should encourage continuous evaluation and
improvements, track resolution of concerns, provide fecdback 1o workers, and post results and wends, This
system may be integrated into AA-1"s lessons-lcamed program,

136 1nterny! Exposures

Control and prevention of intemal exposure from long-lived radionuclides in the workplace present special
challenges to a Radiation Protection Program and warrant particular attention, Because of the difficulty in measuring
transuranic uptakes that resull in low doses, specific actions are required 10 minimize the risks of intermal exposure.

Administration of internal dose asscssment is costly in dollars and worker time, Control and analysis of samples is
also more complicated than the clements of external dosimetry.

1-17
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To minimize internal expasures, line managers should take deliberate actions to control contamination at the souree,
thus reducing Airborne Rudicactivity, Contamination, and High Contamination Arcas, Work should be planned to
avoid the routine use of respiratory protection devices where the use of engineered controls is feasible, Internal
cxposures should be reduced o the minimum practical level and the following should be considered.

1. Workers may be exposed 10 unanticipated levels of elevated airborne mdicactivity. Collegting representative
airbome radionctivity sumples and the time required for technicians or automated instruments to determine the
airbomne concentration of rdionuclides may contribute to worker intakes of radicactivity where continuous air
monitors (CAMs) arc not in use.

2, Ifcontrols fail, internal depositions of radionuclides can occur in a short period of ime.,

3. Workers may become concerned if they arc continuously exposed to airborne radioactivity,

4, Doses from some intemal radionuclides are difficult to measure, Although some radionuclides, such as cesium
and tritium, can be readily measured at levels that produce only a few mrem, some long-lived radionuclides, like
plutonium, require years for accurale measurements of hundreds of mrem,

5. Medical intervention, such as the aéministration of blocking and chelating agents 10 mitigate internal deposition,
adds risks by introducing additional chemicals into the body,

6. Sumpling of body cxcretions and whole-body or organ counting techniques encourage worker perceptions off
internal exposure significance,

137 Ncutron Exposures

Neutron exposures have the following characicristics, which require attention.,

1. The specific biological effects of ncutrons are not as well understood as the ¢ffects of gammas,

2, Ncutron dose equivalent is more difficult 1o assess than gamma dose equivalent,

As a result, those line organizations with neutron rudiation dose should focus particular atiention on minimizing

collective neutron dose by seiting aggressive goals (Article 131),

138 ALARA Programs and Committees

1. A Luborntory-wide ALARA committee (Laboratory ALARA Sicering Commitiee) should be established. The
Laboralory director will charter the committee and appoint members 1o it from senior managers of divisions
invalved in radiological work and radiclogical safety, The Radiation Protcction Program manager will also sit
on the commitice and will appoint representatives from rodiation protection professional staff 1o sit on the
commitiee in an advisory capugity, as needed.

2. The Laboratory ALARA Steering Committec has the following responsibilitics:
a, Ovcersee and assess/audit the implementation of the Laboratory's ALARA Program in conjunction with
AAL,
b. Advise the director or appropriute Laboratory Icadership or operations working groups of the effectiveness
and progress of the program,

¢. Ensure that linc organization ALARA commitlees are chartered at the division level when appropriate.
d. Review facility-specific ALARA programs,
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¢.  Approve Laboratory ALARA goals and ensure that suthority, accountability, and resources for
implementing the program are assigned 10 the organizational level at which they are needed.

f. Provide guidance for futurc strategic initiatives, new areas of challenge, or activities that may be necessary
for improvement of the ALARA Program,

The as low as reasonably achievable (ALARA) process for optimizing the reduction of rmdiation exposure is a
fundamenta! requirement of every radiation protection program, There is considerable leeway in determining
how far is rcasonable, The Laborutory's ALARA policy is an integral part of Genera! Employee Radiological
Truining, Radiclogical Worker Truining, and Radiological Control Technician Training. Radiological taining
classes arc conducted by the ES&H Truining Group (ESH-13). Training requirements and documentation are
deseribed in Chapter 6,

Members of the line organization ALARA commitiees arc appointed by the line organization and may include

personncl from operutions, mainicnance, radiation protection, and any other support group whose input and

assistance is needed. Line organization ALARA commitiee responsibilities include

a. reviewing the organization's overall implementation of the ALARA Program, including resuits of reviews
and audits, trends in radigztion exposure for completed wark, and ALARA plans and gouls for future
radiation work;

b. making recommendations to the group or division leader on improvements and initiatives that are needed 10
demonstrate a success{ul ALARA program; and

¢. meeting on a predetermined {requency and documenting its business,

The need for a linc organization ALARA commitiee should be determined by the line organization
commensurate with the organization®s potential for radiation exposure, Large organizutions with a high
potentizl for exposure should appoint a line organization ALARA committce, Smaller organizations with a
lower potential for exposure muy only require an ALARA coardinator, Those organizations of intermediate size
may find it best to have the functions of the line organization ALARA commitice handled by an alrcady existing
safety committee,
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PART 4 LANL Radlation Protection Organization

141 Radiation Protection Organization

1, A radistion protection organization has been established to provide relevant support 1o line managers and
workers, The radintion protection organization is independent of the line organizational element responsible for
production, operation, or rescarch activities, At LANL, the Radintion Protection Program has been established
as an office in ESH Division, The Radiation Protection Qffice (RPQ) is headed by the Radiation Protection
Program manager, who is designaied as radiological control manager at LANL, Three groups (ESH-1, <4, and
=12) share the major responsibilities of the radiation protection organization, At LANL, where facilities,
buildings, or work arcas are dispersed, an approach that provides site-wide consistency and individual facility
radiological control suppont is recommended. The scnior line manager responsible for operations at a facility
sheuld have dedicated radiological control personnel (ESH-1) assigned to the (acility. Consistency of
radiological control is eritical, It is not the intent of this manual wo duplicate organizations but to use personnel

in a more effective manner in workplace situations,

a. The RPQ provides program direction and oversight. ‘The RPO scrves as the single point of contact for DOE
and Laboratory customers, integrates radiation protection into the facility management process, and
provides recommendations for investment and institutional resources.

b. The Health Physics Operations Group (ESH-1) provides operational radiation protection interface and
support to LANL's operating organizations, ESH-1 provides radiological survey, control, and institutional
oversight services to LANL. The group works directly with operating groups at the various LANL facilities
to ensure the presence of necessary radiation protection practices consistent with the goals, procedures, and
requirements of the Radiation Protection Program, ESH-1 also provides the primary focal point and linison
with other participants in the LANL Radiation Protection Program.

¢. The Health Physics Measurements Group (ESH-4) provides Laboratory-wide radiation measurements to
support the Radiation Protection Program. ESH-4 provides and processes personnel dosimeters, Other
activitics include maintenance and calibration of radiation monitoring instruments, laborutory analysis, and
in vivo analysis. ESH-4 also maintains a radiation measurement improvement program,

d. ‘'The Policy and Program Analysis Group (ESH-12) devclops and maintains Laboratory-wide radiation
protection policics and programs 10 mect applicable standards, ESH-12 functions as LANL's point of
contact for radiation protection policy and procedures, ESH-12 also provides dose assessment, radiological
engineering, occuputional ALARA program support, x-ray and source control, data management, and NTS
SUpport services,

e, Other organizations also contribule to environment, safety, and health (ES&H) activities related to radiation
and radicactive materials.

(1) LANL's Emergency Management und Response Office (EM&R) oversees and implements the full
range of activities necessary for mitigating, preparing for, responding 10, and recovering from
emergency incidents at LANL, EM&R prepares emergency response plans commensurats with
operations,

(2) The Occupational Medicine Group (ESH-2) provides examinations and evaluations of employees for
the respiratory certification program, ESH-2 is also available to consult with female employees who
have declared their pregnancies and those who are planning pregnancies. The attending ESH-2
physician and staff from ESH-12 will cooperatively determine whether any temporary work
restrictions are required to keep the dose to the embryo/fetus below the limits declared in Article 215
and Table 2-1. Accommeodation of any recommended work restrictions for the pregnant worker will be
made in collaboration with her supervisor, ESH-2, and ESH-12 staff (scc Article 215). ESH-2 also may
provide special physical cxaminations or evaluations to employees who are involved in an incident or
aceident resulting in the actual oc suspected exposure (o radicactive materials or external radiation,
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(3) The Facility Risk Management Group (ESH-3) provides line and facility managers with expertise in
the management and documentation of environment, safety, and health (ES&H) hazards and risks.
ESH-3 provides risk assessment services, develops programs for risk management, reviews lacility
modifications for ES&H compliance, and cnsures that ES&H design factors are considered for new
and modified facilities,

(4) The Nuclear Criticality Safety Group (ESH-6) provides technical support 1o those LANL groups
working with significant quantitics of fissile maiwerial, The group assists in developing procedures for
operations with such materinl, reviewing operations, and training personnel,

(5) The Occurrence Reporting Group (ESH-7) is responsible for managing the internal reporting and
documentation system required for various incidents, as defined in Program Requirements Document
PRD120-01.0, “Occurrence Investigation and Reporting Program.” Under DOE $000.3B, the ofTice
also manages the documentation, sending follow.up reports 1o DOE/Albuquerque and 1o DOE
Headquarters for reporuible occurrences at LANL.,

(6) The Hazardous Materials Response Group (ESH-10) provides safe, effective, hazardous materials
emergency response mitigation services to DOE, the Laboratory, and the surrounding community,
ESH-10 provides ES&H cexpertisc for the Accident Response Group and Nuclear Emergency Scarch
Team; participates in the Region 4 Radiological Assistance Program; conducts research and
development activities for the DOE's emergency response progrums; provides training and
consultation services in emergency response, nonprolifcration, and weapons safety; and supports
nuclear safcty, security, and dismantiement activities in the former Soviet Union,

(7) The ES&H Training Group (ESH-13) provides radiological worker training, radiological control
technician training, general employee radiological training, and other required radiological safety
training to workers at LANL.

(8) The Air Quality Group (ESH-17), Water Quality and Hydrology Group (ESH-18), Hazardous and
Solid Waste Group (ESH-19), and Environmental Assessments and Resource Evaluations Group
(ESH-20) provide an ongoing program of environmental measurements and activities (o help ensure
that LANL operations do not adversely afTect the public health and environment and that LANL
conforms to all applicable environmental regulatory requircments, The major objectives of these
groups are to (1) develop and implement institutional plans and programs for environmental proiection
in response to specific federal and state regulatory requircments; (2) assist LANL organizations in
complying with environment regulatory requirements; (3) measure, evaluale, and document effects of
LANL operations on public health and the environment; and (4) provide emergency response support
by evaluating and responding to releases of radioactive and oxic materials,

(%) The Environment, Health, and Safety (ESH) Division administers the waste minimization program, in
addition 10 other activities, This program has been established in accordance with LANL's fourfold
plan for implementing federal requirements and for managing all types of liquid and solid wasic
generated at LANL, The plan addresses abatement and substitution, segregation and housekeeping,
reuse and recycling, and personnel education,

(10) The Analytical Services Group (CST-3) and the Inorganic Trace Analysis Group (CST-9) conduct an
ongoing program of chemicul measurements in support of regulatory compliance, environmental and
workpliace monitoring, and research programs. The staff provides stite-of-the-urt expertise in sampling
requircments, analyticsl chemical measurements, interpretation of chemical data, analytical quality
assurance, National Institute of Standards and Technology truccability of chemical measurements, and
experimental design, In addition, the group conducts an active research program in analytical
¢hemistry and envirpnmental measurements,

(11) CST Division cnsures that radioactive and chemical liquid and solid wastes generated by LANL are
appropriately processed and disposcd of, Division personncel manage all liquid and solid wasies, other
than sanitary wastes, generated at LANL,

2. Radiation protection personnel monitor adherence to the LANL Radiological Control Manual and are available
to the facility line manager for radiological support 1o the work force. To cffectively function in this capacity,
day-to-day prioritics should be closcly coordinated between facility managers and ESH.1, <4, and -12 personnel,
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To ensure independence in making correct radiological decisions, the radiation protection organization is
accountable to the Radiation Protection Progrum manager and must not be supervised by line management,

3. The Radiation Protection Program manager heads the radiation protection organization and is responsible for
and has established a high-quality radiation proiection program,

4, The Radiation Protection Program manager shall have access to the Laboratory director for radiation protection
matters.

142 Radintion Protection Program Manager Qualifications

1. The Radiation Prolcction Program manager should be an expericnced professional in radiological control and be
familiar with facility design featurcs and operations that affect the potential for humin exposure to radiation,

2, 'The Radiation Protection Program manager should have the technical competence and experience to establish
radiation protection programs and the supervisory capability to direct the implementation and maintenance of
radiation protection programs.

3, ‘The Radiation Protcction Program manager should have a minimum of a bachelor's degree or the equivalent in
science or engincering, including some formal training in radiological control, Advanced academic degrees can
count as expericnce where course work related to rudiological control is involved, At least three years of
professional experience should be in applied radiological control work, Certification by the American Board of
Health Physics provides equivalency (o the above,

4, Insinations in which the most effective manager for this position does not satisfy the above qualifications,
special arrangements should be made. In these situations, the assignment of a deputy with the requisite expertise
and qualifications can sausfy the requirement,

S. ESH Division management should encourage, promote, and provide the opportunity for people assigned to or
being considered for the Radiation Protection Program manager position o achieve centification by the
American Board of Health Physics,

143 Radiation Protection Organization Functions und Staffing

1. The senior sifl of the radiation protection organization should include health physicists and other professionals
with four-year degrees in science or engineering, A continuing training program (for example, through the
Nationa! Technological University) shall be established, Pursuit of certification by the American Board of
Health Physics for scnior and professional staff members is encouraged.

r

Radiological support personnel provide health physics and radiological enginecring, dosimetry, bicassay,
independcent oversight, instrumentaton, and calibration functions, These personnel should have technical
qualifications pertinent o their assigned duties.

144 Relationship Between Radiological Control Technicians and Workers

Rudiological control technicians and their supervisors assist and guide workers in the radiological control aspects of
their jobs,

1. Radiological workers should be sufficiently qualificd to recognize questionable or deteriorating radiological
conditions and seck advice from rudiological control technicians and their supervisors.
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Rudiological contro! technicians and their supervisars shall have the responsibility and authority o stop work or
mitigate the effect of an activity if they suspect that the initiation or continued performance of a job, evolution,
or test will result in the violation of radiological control standards or result in imminent danger or unaceeptable
risk. Workers through their supervisors also have stop-work authority in accordance with Article 345 and, on
their own, in accordance with Dircctor's Policy DP116, “Siop Work and Restart,”

The actions or presence of radiological control personnel does not absolve workers of their responsibility for
properly conducting radiological aspects of their jobs. Radiological control personnel are not present 1o
compensate for poor management of the work force and should not be required to do so. A poorly trained work
force should participate in an accelerated training initiative,

145 Marginal Radiological Control Performance

1.

3

When radiological control performange is less than adequate, performance must be improved. Consideration
should be given to strengthening line management and the radiation protection organizaton 10 provide adequate
rudiological control,

In cases where the work force does not have the required level of sensitivity for radiological work practices,
additonal line management attention is necded 1o ensure the proper outcome, Line management should be held
accountable for implementation of the Radiation Protection Program. Initial actions should include the
following:

a. Increase direct line supervision in the work space.
b. Cunail work schedules.

¢. Deferwork,

d. Add cxtra radiological control personnel,

¢, Conduct additional training.

When the line organization workers and supervisors achicve the proper level of radiological performance, the
number of radiological control personnel should be recvaluaicd,
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PARTS DOE Management

151 Program Office

1. Program secrctarial officers are responsible for establishing and maintaining radiological control programs for
activities under their cognizance and are accountable for the quality and performance of radiological work
conducted at their assigned sites.

2. Each program secretarial officer shall designate a person wha can be the Program Office focal point on
radiological control matters with the DOE Operations Office, counterpans within DOE, and the Laboratory.
This person is referred to in the LANL Radiological Control Marual as the Radiation Protection Program
advisor,

152 Operations Offices and Applicable Field Office

1. Managers of operations offices are responsible for the line management function of conducting day-1o-day
oversight of Laboratory activitics, including monitoring the quality and performance of radiological work,

2. Mnnagers of operations offices shall designate u person to be responsible for providing Radiation Protection
Program oversight, which includes appraisals, surveillance and monitoring of performance, interacting routinely
with the Radiatien Protection Program advisors of the affecied DOE program offices, assisting the DOE field
line organization in the use of the DOE Radiological Control Manual, and interacting on a periodic basis with
counterparts at other sites,

153 Department Policy

The assistant secretary for Environment, Safety, and Health (EH) is responsible for promulgating and maintaining
the overall DOE policy and standards with respect to radiological health and safety. EH is also responsible for
periodically revising the DOE Radiological Control Manual 1o make corrections or improvements to the document,
Subject-matter expents within EH for arcas such as radiological health effects, health physics, dosimetry,
insrumcntation, training, and radiological controls should be relied upon by other DOE clements for technical
support in addressing problems or unique situations.

154 Department.Independent Radiologicn) Control Performance Oversight

The Office of Environment, Safety, and Health carries out its responsibility to provide independent radiological
control performance oversight, on behalf of the seeretary of encrgy, through various means, including the following:

a. Using the DOE Radiological Controt Manual as its basis document,

b. Asscssing DOE program and ficld office performance in their line management responsibilities for
implementing and maintaining radiological controls as dewiled in the DOE Radiological Control Manual,
and

¢ Assessing LANL performance against the requirements of the LANL Radiological Control Munual,

155 Radiological Control Coordinating Committee

1. The DOE Headquarters Radiological Control Coordinating Commitise shall, as a minimum, consist of the
Radiological Control Program advisors from the Offices of DP, Energy Rescarch, Environmental Restoration
and Waste Management, and Nuclear Energy, along with o representative from the Offices of Environment,
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Safety, and Health and ficld management. A charter for this committee shall be approved and its performance

monitored by the deputy secretary, A chairperson shall be designated by the deputy secretary and should be
appointed for a minimum of ong year,

The Radiological Control Coordinating Committee is expected 10 reccive and review suggestions, concerns, and
comments from its individuil members, operations offices, and the Laboratory, The commitiee shall function
collectively to promote a consistent and uniform emphasis in the direction and implementation of the DOE
Radiological Control Manual, Communications with the Radiological Control Coordinating Commitiee should
follow standard administrative and reporting channels.

The Radiological Control Coordinating Commitice should meet at least quarterly and more frequently during
periods of transition.

Radiological Control Coordinating Committee meetings should include representatives from operations offices
and recognized industry experts from outside the department, The interaction with non-DOE professionals
enhances the awareness of state-of-the-art technology and prctices.

156 DOE Employecs in the Workplace

= DOE employees at LANL are subject to and shall adhere to the provisions of the LANL Radiological Control
Manual, 19CFYR R53)
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Appendix 1A
Facllity-Speclific Radiological Control Programs
1. Radiological Program for Control of Contamination at NWT Firing Sites, Revision 0
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CHAPTER 2 RADIOLOGICAL STANDARDS
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PART 1 Administrative Contro!l Levels and Dose Limits

The primary radiation protection objective at Los Alamos National Laboratory is 10 prevent radiation exposures that
would result in dose equivalents to individuals that could exceed regulatory dose limits, To cnsure that this objective
is reached, administrative control Jevels for dose cquivalent quantities have been established at a level below the
regulatory Limits,

Under the provisions of the LANL Radivlogical Control Manual, the commitied effective dose cquivalent is used to
assign, in the year of intake, the internal dose reccived by personnel at LANL. The commitied effective dose
cquivalent is the resulting dose committed to the whole body from internally deposited radionuclides over a 50-year
period afler intake.

Unless otherwise indicaied, administrative, lifetime, and special control levels and limits are stated in terms of the
sum of the doses received from internal and external sources,

211 Administrative Control Level

1. DOE has established an administrative control level of 2.rem effective dose equivalent per year per person for
all LANL activities. Approval by the appropriaie DOE Headquarters program sceretarial of ficer or designee
shall be required before a person is allowed 10 exceed 2-rem effective dose cquivalent as a result of normal,
routing activitics.

Note: LANL interprets the DOE administrative control level of 2-rem cffective dose equivalent as deep dose
only (i.c., gamma + neutron + tritium). The committed effective dose equivalent is curtently not included when
an individual worker's dosc is being assessed ngainst the DOE administrative control level because of the need
for long-term counting intervals (morc than 365 duys) and measurcment limitations below 100 mrem committed
effective dose equivalent for long-lived transuranie radionuclides, This interpretation also extends to LANL
administrative control levels, (Special committed dose administrative control [evels may be established for
workers who have internally deposited radionuclides [received from accidental intakes), This would apply to
long-lived rewined quantities of radionuclides, in particular, plutonium.)

2, A maximum annual LANL administrative contro] level shall be established by the Laboratory director or
designee (for cxample, the Raudiation Protection Program manager) based upon an evaluation of historical and
projected radiation exposures, workload, and mission. The maximum LANL administrative control level shall
not excecd the DOE administrative control leve! of 2 rem and should be re-evaluated annually, The choice of a
low level for one ycar should not preclude choosing cither a higher or lower level in o subsequent year,

3, LANL has cstablished an administrative control level program with various tiers of levels and approvals for
cach level up to the maximum LANL administrative control level, For some lacilities/organizanons, the
maximum LANL administrative control level may be 100 restrictive, In these cases, on an annual basis, these
facilities/organizations may formally propose, justify, and request variances 1o establish a specific set of
administrative contsol levels that are better suiled 1o their acuvitics, These levels should be sufficiendy
challenging 10 meet the goals of the LANL Radiological Control Manual,

4, Under normal, routine conditions, no person’s exposure shall be allowed to go above the LANL administrative
contro! level without the appropriate approvals of the Laborustory director or designee (for example, the
Radiation Protection Program manager),

212 Lifetime Control Level

1, Toadministratively control a worker's lifetime occupational dose, an occupational lifetime control level of N
rem shall be established where N is the age of the person in years, Special control levels (Article 216) shall be
established for personnel who have doses exceeding N rem (i.c.. lifelime contral level in rem = age in years [N)
x1rem).

The lifetime control Jevel is cstablished for occupational exposure only, Article 216 pravides further guidance
for thosc individuals who have received large radiation cxposures as a result of medical treatments,
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[ 2d

The internal contribution to lifetime occupational dose from intakes before Junuary 1, 1989, should be
calculated in terms of cither cumulative annual elfective dose equivalent or committed effective dose
cquivalent. The internal contribution to lifetime occupational dose should continue 1o be reassessed as further
bioassay results and improved methods for assessing internal dose become available.

213 Radiological Worker Dose Limits

ll

3.

= Dose limits arc provided in Table 2-1 and shall not be exceeded except as specified in Article 213.3 and
Appendix 2A, 10 CFR &32R0XNEAGN4 All occupational exposure received during the current year shall be
included when demonstrating compliance with Table 2+1 dose limils, 10 CF RS€0) 2890) These regulatory
limits are consistent with the “Radiation Protection Guidance to Federal Agencies for Occupational Exposure™

signed by the president, _

Radiological workers from other DOE or DOE contractor sites may receive occupational exposure at LANL as
radiological workers if they do the following:

a, Provide records of current Radiological Worker I or IT standardized core training,

b. Receive appropriate site/facility-specific Radiological Worker I or II training at the facilitics where they
will be working,. .

¢. Provide their radiation dose records for previous years and = wrilten estimates, signed by the individual, for
Lhc current ycan 18 CFR 138 121d)

Proposed use of the planned special ex urc as specified in 10 CFR 835 shall be applied only in extraordinary
sitsations and when the follo?fnis rcqu?r“;nems have been met, w

a. = The proposed activity has been reviewed by the Radiation Protection Program manager and submitted in
wriling by the Laboratory director 1o the lcad DOE Headquarnters Defense Programs program secretarial
officer for approval, 19 CFR 03384)2)

b. = The proposed activity has been joimLy approved by the lend DOE Headquanters Defense Programs

P:gﬁngusc.s(x;c)&nal officer and the DOE assistant secretary for Environment, Safety, and Health,

Emergency exposure limits are not planned special exposure limits, = Guidelines for emergency exposures are
provided in Appendix 2A, 10 € R The following requirements shall also be implemented for emergency
cxposure siluauons:

a. = The risk of injury to those individuals involved in rescue and recovery operations shall be minimized.
10 CFR DAL

b, = The person with onssite emergency response authority shall wcigh actual and potential risks to rescue
ond recover individuals aguinst the benefits 10 be gained, 19 CrR b)

€. = Rescuc action that might involve substantial personal risk shall be performed by volunteers,
10 CIR RIS A0(¢)

d. = Each individual sclected shall be trained as a radiological worker in accordance with Chapter 6, Part 3, of

this manual and bricfed beforehand on the known or anticipated hazards to which the individual will be
subjcctcd. 10 CFR K)5.1002(e)

The radiological worker dose limits provided in Table 2.1 also apply to general employees. However, general
employces who have not completed Radiological Worker [ or IT training are not permitted unescorted access 1o
any area in which they are expected to receive doses in excess of 100 mrem in one year. Genernl employces
who have not received Rudiologieal Worker [ or IT trining are not normally expected to exceed 100 mrem in a
year,
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Table 2-1 Summary of Dose Limits

Exposures shall be kept well below the Limits in this wble and shall be maintained as low as reasonably achicvable &
(ALARA). The administrative control levels for limiting exposure are deseribed in Article 211, M
TYPE OF EXPOSURE ANNUAL LIMIT -
Radiological Worker®: Totl effective dose equivalent Srem
Radiological Worker: Lens of eyeb 15 rem
Radiological Worker: Shallow dosc equivalent to skin or extremity (hands and arms 50 rem
below the elbow: feet and legs below the knees)©
Radiological Worker: Sum of deep-dose cquivalent for external exposures and 5Qrem
committed dose equivalent to any organ or tissuc (other than lens of eye)
Declared Pregnant Worker: Embryo/fetus 0.5 rem per gestation
period
Minors and Students (under age 18): Totzl effeetive dose cquivalent 0.1 rcm

Visitorsd and public: Total effective dose equivalent 0.1 rem [

s, Radiological workers are general employces authotized unescorted access to radiological areas per Articles 332, 334, and
338,

b, Because of limitations of the current 4.clement configuration of the thermoluminescent dosimeter (TLD) badge system for
mensuring Jens-of-the-eye dosc equivalent at 300 mg/cm?, measurements for cempliance with the 1S-rem annual Limit will
be made at 7 mg/em?, This in no way places limits on the S0.remeannual-limit shallow dose equivalent for the skin or
extremitics when measurements are tmede with extremity dosimetry, The badge may have 1 be relocated (o the head to
adequately measure this dose If it is limiting,

¢. ‘The 50.rem annual limit only applies to shallow dose equivalent measured with extremity dosimetry. When the shallow dose
equivalent is measured with the whoic.body TLD using the chip under 7 mg/em# filtration, & 15.rem annual limit for the
skin and extremitics shall apply unti! an enhanced TLD badge system is implemented,

d.  Applics to visitors who have not completed training in accordance with Articles 832 or 633 or have not met the special
consideration of Article 637,

Noles

1. The total effective dose equivalent during a year shall be determined by summing the effective dose equivelent rom external
cxposures and the committed effective dose equivalent from intakes dunng the year. For purposes of compliance with this
purt, deep-dose equivalent 1o the whole body may be used as effective dose eq}g;‘vucm for extermal exposures, Interna! dose
to the whale body shall be culculated ns committed effective dose equivalent, The committed elfective dose equivalent it the
resulting, dose committed (o the whole bocly from internally deposited radionuclides over a 50-year period afler intuke, See
Appendixes 2D and 2E for the quality factors 1o be used for determining dose equivalent in rem and Appendix 2B [or the
weighung factors 1o be used in converting organ dose equivaient o effective dose equivalent for the whole-body dose,

[ 24

The annual limit of exposure lo “any argan or Lissuc” is based on the committed dose Lo thut organ o tssuc resulting from

internally deposiled radionuclides over o 30-year period after intake plus any external eflective dose equivalent w that organ

dunng the year,

3. = Exposures that are due to background radiation, therapeutic and dingnostic mcdicnwroccdurc:' and voluntary
participation in medical research proprams shall not be included in cither personnel radiation dose records or assessment of

dos¢ against the limits in this table, 1P YR80

4,  See Appendix 2C for guidance on nonuniform exposure of the skin,

5. = For the case of uniform external irrndistion of the whole body, » weighting fsclor ual 1o 1 muy be used in
determining the effective dose equivalent. 19 B 20 y sk VT eq y
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6. The dose to an embryo/{ctus shall be taken a3 the sum of the effective dose equivalent W the embryo/fetus from external
sources of radiation {decp-doss equivalent (o the pregnant woman), the comminied effoctive dose equivalent 1o the )
embryo/fetus from radlonuclides in the embryo/fetus, and the dose equivalent lo the embryo/fetus from radionuclides in the
declared pregnant woman,

7. =The limiting value for the total effoctive dos equivalent for any individual under age 18 is 0,1 rem per year, 14 O™ 120
This includes the effective dose equivalent from internal and external sources of irradistion. This requiremient effectively
restricus individuals under 14 from entering radiolagical areas eatublished for conamination control unjess an
exemption for the area can be n\éppoﬂqd by documentation thut demonstrates compliance with the .1-rem-perevear limit,
Such docurnentation shall include administrative controls 1o be implemented, workplace und personnel monitoring data, and
consideration of the minimum detoctable effective dose equivalent of the dose axsessment process,

214 Visitor Dose Limit
= Visitors 10 LANL (including members of the public who are on the site) shall be limited 10 an annual radintion

dose of 0.1 rem from the sum of internal and external radiation sources unless they either (1) qualify as radiologi
workers in accordance with Article 632 or 633, or (2) meet the special considerations of Article 657, 19 CFR1sIm

215 Embryo/Fetus Dose Limits

Aftera female worker voluntarily notifies her supervisor, the Policy and Program Analysis Group (ESH-12), and/or
the Occupational Medicine Group (ESH-2) in writing that she is pregnant, for the purpose of fetal/embryo dose
protection she is considered a declared pregnant worker, This declaration may be revoked, in writing, at any time by
the declared pregnant worker, She should be referred to ESH-2 for consultation, Dose equivalent limits for the
category of declared pregnant worker are set by DOE for the protection of the embryo/fetus. The attending ESH-2
phzsicinn and staff from ESH-12 will cooperatively determine whether any temporary work restrictions are required
to keep the dosc 10 the embrya/fetus below the limits described in this article and listed in Table 2-1, Any femuale
radiological worker planaing a pregnancy may also consult ESH-2, Accommodation of any recommended work
restricuons will be made in collaboration with her supervisor, ESH-2, and radintion protection orgunization staff,
The assignment of female workers to tasks in which occupational exposure is not likely should not create a basis for
discrimination and should be achicved in conformance with the provisions of Title VII of the Civil Rights Act of
1964, (See pp. 2829.2832 of the Federal Register, Vol. §2,No, 17, 1987.)

1. The supervisor shall provide the option of a mutually agrecable assignment of work tasks, without loss of pay or
promotonal opportunity, such that further occupational radiation exposure is unlikely.

2. Foradcclared pregnant worker who chooses to continue working as a radiological worker, the following apply:

a. = The dosc limit for the embryo/fetus during the entire gestation period (from conception 1o birth) is 0.5
rem, 10 CFR £35200(a)

b. = Measures shall be taken to avoid substantinl variation abave the uniform exposure rate necessary to meet
the 0.5+rem limit for the gestation period, 1# CFROII0U) This is cquivalent to no greater than one and a half
times (1.5x) the uniform exposure rate of 50 mrem per month (i.c., no greater than 75 mrem in any one
month of the gestation period).

¢. A LANL administrative contro! level for pregnant radiological workers has been established. The LANL
policy is as {ollows:

Once pregnancy has been declarcd, the embryo/fetus is protected by the application of a supplemen
external dose equivalent limit o the surface of the declared pregnant radiological worker's abdomen (lower
trunk) of 0.2 rem for the remainder of the pregnancy and by the limiting of intakes of radionuclides to 125
of an annual limit on intake (ALI), E{forts are made to avoid exceeding 1/10 of these recommended limits
during cach month of the pregnancy. The principal criterion is that the work assignments of the declared
pregnant radiological worker do not carry a significant probability of high accidental doses and intakes,

If either of these recommended limits has already been exceeded at the time a pregnant worker notifies her
supervisor, the worker will not be assigned (0 tasks in which additional occupational exposure 10 radiation
is likely during the remainder of the gestation period.

2-4




LANL RADIOLOGICAL CONTROL MANUAL Dotember 23, 1994
Radiological Stangards Chapter 2

In keeping with the ALARA process, the declared pregnant worker is respongible for keeping her radiation
exposure as low is reasonably achievable during the gestation period,

d. When a radiological worker declares her pregnancy, the ESH-12 Dose Assessment Team performs a
radiological workplace evaluation and repons the results to ESH-2, the worker, and the worker's
supervisor. An ESH-2 physician reviews the workplace cvaluation, provides any necessary counscling, and
assigns any medical restrictions (o the declared pregnant worker.

= I{ the dosc (o the embryo/fetus is determined to have already exceeded 0.5 rem when a worker notifics her
supervisor of her pregnancy, the worker shall not be assigned 1o tasks in which additional occupational radiation
exposure is likely during the remainder of the gestation period, 1¥ CFR R3.20uc)

216 Special Control Levels

Certain situations require lower individualized exposure control levels, In addition to considering recomracndations
from senior rudiation prolection personne! (Health Physics Operntions, ESH-1: Health Physics Mcasurements, ESH-
4; and ESH-12) and medical oflicials (ESH-2), the Luboralory director or designee should obuain advice from
professionals in other disciplines such as human resources (DHR) und legal counsel (LC) in eswblishing vpecial
control levels, The Laboratory director or designec (for example, Radiation Protection Program manager) inay wish
to establish these special control levels using the Radiological Health Advisory Group, which consists of senior
ESH-1, «4, and -12 technical staff members,

1.

A special control level for annual occupational exposure shall be established for each monitored person wivh a
lifetime occupational dose exceeding N rem, where N is the age of the person in years, The special contro! level
shall not exceed 1 rem and should be sct to eventually reduce the person's lifetime occupational dose o betow
N rem as additional occupational exposure is received,

Supervisors should be atientive to special circumstances of workers, such as those undergoing radiation therapy,
and may request through the Radiological Health Advisory Group that the Laboratory dircctor or designee (for
cxample, Radiation Protection Program manager) establish special control levels as appropriate,

= When a worker receives a dose in excess of the limits specificd in Table 2-1 as a result of an accident or
responding to an cmergency, the line manager decides when to allow the worker 1o return 10 a radiological aren
based on recommendations from ESH.1, 12, and «2, Concurrence of the worker und approval of the DOE field
office are required, 10 CFR OI0IAKIXD) = The worker must be counseled by ESH-2 and ESH-12 personnel about
the consequences of receiving additional occupational exposure during the year, 16 CFR 05.1301)G) ESH. 12 adds
the dose 1o the expesed individual's radiation exposure record, = Investigating and rcyoqxin shall be carried
out according to PRD120-01.0, “Occurrence Investigating and Reporting Program,”™ 19 CFRASINY = The line
manager must ensure that the workplace conditions that led to the accidental or emergency averexposure are
corrected and verify o the DOE ficld office that these corrections have becn made, 19 CFH AL w The DOE
ficld office, LANL Radiation Protection Program manager, and facility manager must approve the resumption
of the operations that led 1o the excess cx;msurc following an accident) or emergency exposure that is in excess
of the occupational limits, 10 €FR 05101

If a worker 1s involved in an accident or emergency that could result in a dose greater thun Table 2.1 limits, the
worker should not be allowed 1o enter u controlled urea until a dose assessment has been completed.

Those workers who have been administered radionuclides for diagnostic or therapeutic medica) purposes are
required to report the medical procedure o the ESH-12 Dose Assessment Team before returning to work, Dose
Assessment evaluates the need for restrictions and contacts affected organizations and workers (6.8, ESH-1, =2,
and «4; Facilities, Sccurity and Safeguards [FSS): and the worker's supervisor),
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PART 2 Contamination Control and Control Levels

Contro! of radioactive contamination is achieved by using enginecring controls and worker performunce to contain
contamination at the source, by reducing existing arcas of contaminauon, and by prompily decontaminating arcas
that become contaminated,

221 Personnel Contaminution Control

1, = Personnel exiting Contamination Areas, High Contamination Areas, Airbome Radioactivity Areas, and
Radiological Buffer Arcas or Controlled Arcas established for contamination control shall frisk for
contamination as required by Article 338, 19 CFR R3%4e4n) Thig docs not apply o personnel exiting arcas
containing only rudionuclides, such as tritium, that cannot be detected using hand-held or automatic frisking
cquipment,

2. Monitoring for contamination should be performed using frisking equipment that under Laboratory conditions
can detect total contamination of at least the values specified in Table 2-2. Use of automatic monstoring units
that meet the above requirements is encouraged.

3, Personne! found with detectable contamination on their skin, personal clothing, or company-issued clothing
%huprlmgxnoblc gases or natural background radionctivity should be prompuly decontaminated as described in
cle 541,

222  Contamination Control Levels

1. = A surface shall be considered contaminated if either the removable or total radioactivity is detected above the
levels in Table 2-2, If an area cannot be decontaminated promptly, then it shull be posted by ESH-1 as specified
in Article 235, 1% CFRRIS#( For area surveys where more than 10% of the otal number of samples (swipes,
smears, or instrument measurements) exceed Tabie 2.2 values, the affected area shall be decontaminated and/or
postcd accordingly,

2. Surfaces exceeding the values of Table 2.2 for tota! contamination may be covered with a fixative ¢oating to
prevent the spread of contamination, However, reasonable efforts should be made to decontaminate an area
before a coaung is applied. A fixative coating shall not be applied without the approval of the Rudiation
Prolgction Progrum manager or designee.

3. Inaddition to the posting criteria in Article 235, the {ollowing conditions for establishing and maintaining areas
with fixed contamination are to be met by ESH-1 and affected line organizations,

2, = Radioslgﬂcal surveys shall be performed 1o detect contamination that may decome removable over time,
10CFR & 4)Q)

b, A formal inventory shall be maintained of areas with {ixed contamination,

¢. = Markings shall be kept legible, 1® CFR 03.48d(d)i4)

d. = Removable contamination shall not exceed Table 2-2 values and should be reduced as far below Tuble 2-
2 values as is reasonably achicvable before a fixative coating is applied, 19 C¥R KsAwiaxy)

¢. Fixed contamination should be covered with two layers of fixative coatings having different colors.

f. = Markings should include the standard radiation symbol, be clcarly visible from all possible directions,
and contrast with the colors of the surface coatings, 1# CYR R3Sadudyd

§. An additional coating should be applied when the bottom color appears,

h. A plan for identifying and adding to the inventory of existing arcas of fixed contamination not included in
the initial inventory should be developed.

4, = Anarea with fixed contamination may be located outside radiological arcas (but within controlled areas)
unless unrestricted access is likely to result in a dose greater than 0.1 rem per year Lo any person 196MR
R34%(92) and provided that
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a, = pgrozrialc administrative procedures arc established and exercised to maintain control of these arcas
10 CFR KIS404(0)(5) gnd

b. = dose rates do not exceed Jevels that would require posting in accordance with Article 234 of this manual,
10 CHFR KD8.404(d ) 6)

5. = Anurea with fixed contamination is exempt {rom the gencral posting requirements of Article 231 and entry
and exit requirements of Chapter 3 provided the requirements of this article are met, 19 C¥R 03404e), 301k

6. For contaminated s0il that is not releasuble in accordance with DOE 5400.5, a Soil Contamination Area shall be
established that meets the following:

a. Posted as specified in Article 235: posting should include instructions or special warmnings to workers such
as “Consult With Radiological Control Organization Before Digging™ or *Subsurface Contamination
Exists.”

b.  Meets the requirements of Articles 231, through 231.8,

7. Soil Contamination Arcas may be located outside a Radiological Buffer Area.

8. No guidance is currently available for releasing material that has been contaminated in depth (ie., “volume”
contamination), such as activaied material or smelted contaminated metls with radioactivity persunit volume or
per-unit mass, Such materials may be released if eriteria and survey techniques are approved by DOE/EH-1,

223  Airborne Radioactivity Control Levels

1. Personnel should not be cxposed unnecessarily 1o airborne radioactivity, Use of engineering and administrative
controls to reduce the potential for internal exposure should be evaluated before allowing personnel, with or
without respiratory protection, to enier areas with airborne radioactivity.

2. = Occupicd arcas with girborne concentrations of radiouctivity above natural background that are greater than
or potentially greater than 10% of a derived air concentration (DAC) shall be posted by ESH-1 as specified in
Article 235, 19 C¥R 34034 Eor most radionuclides, air contining 10% of a DAC resulls in o committed
cffective dose cquivalent of approximately 0.01 rem if inhaled continuously for one work week, = Values of

DACs are provided in 10 CFR 835 and shall be used in controlling occupaiional exposures to airbome
radioactivity, 19 CFk £33209(n)

3. = With regard to inhalation exposures and external exposures from airborme radionuclides, compliance with 10

sggmz%gs requirements shall be demonstrated through conformity with the dose limits of Table 2.1, 19 CFR
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Table 2.2 Summary of Contamination Values

TOTAL
REMOVABLED® (FIXED® + REMOVABLES)

NUCLIDE® (dprms100 eme)d {dom/100 cm?)®
Nawral U, 35U, 24U, and associated decay products 1,000 alpha 5,000 alpha |
Transuranics, 26Ra, BRa, 20Th, 2T, P1P, TAe, |- 20 500 1
IZSL b5 ¢
Natural Th, 22T, %95r, 2 Ra, 2#Ra, DY, 136t , 131y, 191 200 1,000
Beta-gamma emitiers (nuclides with decay modes other 1,000 beta-gamma 5,000 beta-gamma
than alpha emission or spontancous fission) except *°Sr S
and others noted above, .
Tritum organic compounds, surfaces contaminated by 10,000 10,000
HT, HTQ, and metal tritids scrosols :

a

b,

C

C.

£

B,

The values in this table apply W radioactive contxmination deposited on, but not incorporsted into, the interiorof the
contaminated itam, For purposes of this table only, it is assumed that tritiwm contamination depotits onio the surface but is
not incorporated into the interior of the contaminatad item, This table doas not agguly 10 perzonnel contamination. = Where
contamination by both alphae and beu-smm-eng%mclidu is present, the Limits established for the alpha- and betas
gamma-emitting nuclides spply independently, ¢ Arpentn O

= The amount of removable radicactive matcrial per 100 ecm? of surface area xhould be determined by first swiping the area
with dry filier paper or s6{t absorbent paper while applying moderats pressure and then assesting the amount of active
malenial on the swipe with an Hegiiadiy instrument ol known efficiency. (Note: the use of dry material may not bo

jale for tigum.) 1Y OR O34 P es For objects with a surface area less then 100 em=. the entiru surface should be
wxped.mdmgmu\i\gz it argp should be based on the actual surface area, * Abpemtia U o Except for
Tansuranics, =4 Ra, = L, - Pa, and alpha emitters, it is not necessary to use swiping tochruques W measurs
removable contamination levels if dmgf&mmsndxm that the total residual contamination levels are below the
values for removable contamination, !¢ Appondia

= Tha “removable™ and “total" Jevels may be averaged over 1 m? provided the maximum activity in any area of 100 em? is
less thzn three times the values in Table Z-2. For purposes of averaging, any square meter of surface shall be considered 1
be above the activity guide G if (1) {rom measurements of a representauve number n of sections it is determined that 1n I,
S; 2 G, where 5; is the dpm/10Q em=detenmined from easurement ormuo&;&g) it is determined that the sum of the -
activity of all isolared pots or panticles in any 100-cm< area exceods 3 G, presndia U

As used in this table, dpm (disintegrations per minutz) means the rate of emission by radioactive maierial as determined by
correcting the counts per minute (Cpim) observed by an eppropriale detector for background, efficiency, and geometic
factors associated with the instnumentation, At LANL, the instrument is calibrazed so that tie meter reading will &
correspond 1o the alpha or beta sur{ace emission raie, A hominal conversion 1o activity in dpm is possible by multiplying the
instrument contact reading in ¢pm by a factor of 2.

When mensuring {ixed contaminatioy dm-inlg a gurvey, tho active area of the probe used must ba taken ipto account, For
example, if’ the acuve area is 100 ¢m* and the nuclide is natural uranium, then the 5000-dpm a/100-cm* limit will apply. For
140cm= probe, 2000 dpm & would be the limit because of the reduced active area of the probe.

= This cméory of radionuclides includes mixed fission products, including the Sr30 that is present in them, [t does not
0 that has been scparated {rom the other fission products or muxtures in which the Sr-90 has boen enriched,
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= PART3 Posting

231= Posting Requirements [10 CFR 835.601(d)(1), 601(d)(2), implemented by paragraphs 1 through 12 below)

L

[ &

10

11

12

= Radiological posting shall be used 1o alert personnel o the presence of radiation and radioactive materials and
10 aid them in minimizing exposurcs and preventing the spread of contamination, 19 C¥R K338 ()eel(a)
Boundaries used for rdiological control purposes are depicted in Figure 2.1,

= Signs shall contain the siandard radiation s‘émbol colored magenta or black on a yellow background.,
Letiering shall be cither magenta or black, 18 CFR RIS Black is the preferred color over magenta at LANL
because of fading problems outdoors. Standardized signs, as described in the standardized core training, shall be
used where practcable,

= Signs shall be conspicuously posted and clearly worded and, where appropriate, may include radiological
conrol instructions. Radiological postings should be displayed only to signify actual or potential radiological
conditions. Signs used for trauning should be clearly marked, such as “For Training Purposes QOnly,”

= Posied areas should be as small as practicable for efficiency.

= Postings should be maintained in a legible condition and updated based upon the results of the most recent
surveys,

= 1 more than one radiological condition (such us contamination and high radiation) is present in the same area,
each condition should be identified.

= In areas of ongoing work activitics, the dose rate and contamination level or range of cach should be included
on or in conjunction with each posting as applicable, :

=~ Entrance poinis to areas of ongoing work activities controlied for radiological purposes should staie basic
entry requirements, such as dosimetry, radiological work permit (RWP), and respirator requirements,

= Rope, wape, chain, and similar barriers used to dcsipsnme the boundaries of posted areas should be cither
yellow, or yellow and magenta in color, 19 CFk R8¢

= Physical barriers should be placed so that they are clearly visible from all disections and at various clevations.
leCrRss01e) They should not be easily walked over or under, except at identified access points, = These

barriers shall be set up in such a way that they do not impede the intended use of emergency exits or cvacuation
routcs, 10 CFR 838381(e), S02(c)

Entrances should be posted so that the postings remain visible when doors are open or closed. For doors that are
normally closed, posting on the door is aceeptable. For doars that are normally open, the posting is placed on
the wall immediately beside the door.

A radiological posting that significs the presence of an intermittent radiological condition should include a
ﬁméclr}mlgr}ls sgcb?:fying when the radiation is present, such as “CAUTION: RADIATION AREA WHEN RED
u l“

. The radiological work permit may specify special posting requirements,

Definition and Posting of Controlied Areas

= Each access point to a Controlled Arca shall be posied, identifying it as a Controlled Aren, whenever
radioactive materials or radiation ficlds that would require Bosu'n under Articles 234 or 235 (except for arcas
with fixed contamination) may be present in the arcq, 16 C¥R R3402m) Pergons who enter only the Controlled Arca
without entering Radiation, High Radiation, Very High Radiation, Contamination, High Contamination,
Airborne Rudioactivity, or Radiological Buffer Areas arc not expested to receive more than 100 mrem per year,
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a. Controlled Arcas for external radintion purposes only are established where an individual is not expected to
receive in excess of 0.1-rem external exposure in & year above natural background.,

b. Controlled Areas for contamination purposes only arc established where a potential is present fora
contamination release within the workplace, but persons entering such an arca would not be expected to
reccive more than 0.1 rem per year from an intake,

PR LANL may select the type of sign used 10 avoid conflict with local security requirements, 19 CFR 04.6020) Thig
sclection shall be approved by the Laboratory director or designee.

3. The posting ol a Controlled Area includes both the type of Controlled Arca (posted for external radiation or
contuminaton control) and the entry requirements for the area,

233  Posting Radiclogical Buffer Areas

A Radiological BulfTer Area shall be established within the Contoiled Area 1o provide secondary boundaries to
minimize the spread of contamination and to limit doses to general employees who have not been trained as
radiological workers. The Radiological Buffer Area is intended for use where ongoing work activities may create
airbome radioactivity, the spread of contamination, or clevated external rdiation ficlds, It is not expecied that
Radiological Buffer Arcus would be established around inactive or secured Contamination Areas, The need for
Radiological Buffer Arcas in conjunction with locations designaied for the sworage of radioactive material should be
evaluated.

For short-lerm operations such as maintenance activities on contaminated sysiems (i.e., “hot jobs™), the Radiological
Buffer Area may be the same as the exclusion arca (i.c., room or roped-off area) established for the job duration. For
“permanent” contaminated areas, the Buffer Area may be the same as the step-ofT area between the Contamination
Arca and the Controlled Area,

1. The size of the Radiological Buffer Arca should be commensurate with the potential for the spread of
contamination outside Contamination, High Contamination, and Airbomne Radioactivity Areas, At a minimum,
the Radiological Buffer Area should include the area adjacent 1o any exit from and entrance to Contumination,
High Contamination, and Airborne Radicactivity Areas,

2. ARadiological Buffer Area is not required for High Contamination Areas or Airborne Radioactivity Areas that
arc completely within Contamination Argas.

3. ARadiological Buffer Area established to limit exposure to external radiation should surround Radiation, High
Radiation, and Very High Radiation Arcas, The boundary for the Radiological Buffer Area should be
established 10 limit radiation doses to general employees 1o less than 100 mrem per year, Radiological Buffer
Arcas need not be posted for external exposure control if other posted boundarics provide equivalent employce
protection,

4. Radiological Buffer Areas shall be posted in accordance with Article 231 and shall contain the wording
“CAU-TI{ON. glADLOLOGICAL BUFFER AREA" or, aliernatively, “CAUTION, HOT JOB EXCLUSION
AREA™ for “hot jobs.”
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Figure 2-1, Establishing Posted Arcas
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GERT — General Employee Radiclogical Training HRA = High Radiation Area

RW| =~ Radiclogical Worker | Training VHRA = Vory High Radiation Area

RWIi = Radislogical Worker If Training CA ~ Contamination Area

RMA == Radicactive Matarial Aroa HCA —~ High Contamination Area

RA — Radiation Area ARA — Alrborna Radlation Area
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234 Posting Radintion Areas (includes Radiation Areas, High Rudiation Areas, and Very High Radiation
Areus)

The following requirements and provisions pertain 10 photon (including gamma radintion, x-rays, and '

Bremsstrahlung), neutron, beta radintion, or other external radiation ficlds normally encountered in radiological

work areas,

1. = Arcas shall be posted to nlcl:})crsonncl 10 the presence of external radiation fields in accordance with Table
2-3 and Article 231, 19 GRS

2. = Dosc ratc measurements used to determine criteria for Radiation Arcas and High Radiation Arcas should be

made at a distance of 30 cm from the radiation source or from any surface through which the radiation
netratgs, 1¢ CFR W348X4) For Very High Radiation Areas, the measurement should be made at 100 ¢m, ¢ C'R
) Measurements (o establish Very High Radiation Areas shall be made with remote monitoring radiation

survey instruments,
3. Contact readings should be used to determine the need for posting hot spots. Measures taken to identify sources

of clevated general area radiation levels while conducting routine radiation surveys should be suficient to
idendfy hot spot locations. Special surveys for the sole purpose of identifying hot spots should not be required.

4. A label marking the location of the hot spots should be placed on or as near the spot as practical. The provisions
of Article 231.7 through 231,11 do not apply 10 the hot spot posting. Posting of hot spots is not required in areas
with general area dosc rates greater than 1 rem/our, However, individuals preparing to enter such areas are
required to review maps indicating where highersthan-average dose rates may be located,

5. The requirements for personnel dosimetry should be included on the sign,

6. The requircment for a radiological work permit should be included either on or in conjunction with the posting,

7. Dosc reccived in an hour may be used as the criterion for posting (Column 2 of Table 2-3). In this table, the unit
“rad” is associated with dose rates that posc an immediate danger,

Table 2.3 Criteria for Posting Radiation Areas

e

m DOSE RATE CRITERIA POSTING

= Radiation Arca | > 0,005 remrand | “CAUTION, RADIATION AREA™ 10 CPR B eaxa)
S0l remhr@30cm | “TLD Required for Entry”

= High Radiation >0 remmr@30em | “DANGER, HIGH RADIATION AREA® 19CHR R154a3(b)
Arca ' and £ 500 rad/hr “TLD, Suppiemental Dosimeter, and RWP Required for Entry™

@100cm
= Very High > 500 rad/hr @100 em | “GRAVE DANGER, VERY HIGH RADIATION AREA”
Radiation Arca 10 CFR R34 0(0)
“SPECIAL CONTROLS REQUIRED FOR ENTRY™
Hot Spot 5 times generalarea | “CAUTION, HOT SPOT*

dose rate
T —

& Accest roquirements may ba deleted or modified if personnel acceas is specifically prohibited.
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235 Posting Contamination, High Contamination, and Airborne Radioactivity Arcas

Il

236

= Arcas shall be posted 1o alert personnel Lo contamination in accordance with Table 2.4 and Article 231,
18 CFR KI5,404(c)(1); 40, W03(e), 40X(1)

The requirement for a radiologicul work permit should be included cither on or in conjunction with each posting
as applicable. Depending on the arca and exient of work, only a general radiological work permit may be
required and may be so noted on the posting, See Article 322,

= DAC values for usc with Table 2-4 are found in 10 CFR 835, Appendixes A and C, 14 CFR 133203(x), sa)(d)

Arcas meeting the criteria for Fixed Contamination Arcas specified in Table 244 and Article 222.3 do not have
10 be posted us Contamination or High Contamination Areas,

= Posting for Radionctive Material 10 CFRRI5401()

= Locutions where rudioactive materials are used, hundled, or stored should be posted “CAUTION,
RADIOACTIVE MATERIAL.” The posting shall meet the requirements in Arugle 231,

= Locations where radjoactive materials are used, handled, or stored should be located within Controlled Areas,
However, Jow-leve! sources, such as sealed instrument-check sources, may be located in properly posted, locked
storage locations outside Controlled Arcas provided the sources are on a routing inventory and lcak-test
program,

= Posting for radioactive materials is not required when the radioactive material is in any one location and the
following conditions prevail:

a, = The material consists of

= ten or fewer scaled sources with half-lives of tess than 30 days, or

= ten or fewer scaled sources with each individual source possessing an activity that is less than the limits
specificd in Table 1 of DOE NS400.9 (extended by DOE N5400.10), or

) gg;(xjnduues of unsealed radicactive material properly labeled and packaged that have hallslives of Jess than

ays, or

* quantities of unscaled radioactive material properly lubeled and packaged that are less than 10 times (10x)

the limits specified in Table 1 of DOE N5400,9 (extended by DOE N5400,10),

b. = The material is inside 4 Contamination, High Contamination, or Airborne Radiouctivity Arca,

Eh?c definition of radioactive material and the requirements for lnbeling radioactive material ure contained in
plerd,
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Table 24 Criterin for Posting Contamination, High Contamination, and Airborne Radioactivity Areus

e
« Contaminntion

CRITERIA

Contamination levels (dpm/100
cm=) > ] time but < 100 times
Table 2-2 values (See Article

221

“CAUTION,

CONTAMINATION AREA"
10 CFR RIS.080(0)

= High Contamination levels (dpm/100 | “DANGER, HIGH CONTAMINATION AREA™
Contamination ¢m~) > 100 times Table 2.2 10 CFR 3400
values “RWP Required for Entry”
(Sec Article 222.1)
Fixed Removable contamination levels | “CAUTION, FIXED CONTAMINATION"
Contamination < Table 2-2 removable values

and total contamination levels
> Table 2.2 wotal values

Soil Contamination

Contaminated soil not releasable
in accordance with DOE 5400.5

“CAUTION, SOIL CONTAMINATION AREA”

Airbome

Concentrations (uCi/ce) > 10%

Radionctivity of any DAC value “RWP Required for Entry”

“CAUTION, AIRBORNE RADIOACTIVITY AREA™

237 Posting Underground Radioactive Material Areas

1. = Underground Radioactive Material Areas shall be cstablished to indicate the prescnee of underground items
that contain radioactive materials, such as pipelines, radioactive cribs, covered ponds, covered ditches, catch
tanks, inactive burial grounds, and sites of known, covered, unplanned relcases (spills), 1 CFR %s1(a)

2 = Underground Radioactive Material Areas shall be posied “UNDERGROUND RADIQACTIVE

MATERIAL." Posting should include instructions or special wamin,

Radiation Protection Organization Before Digginﬁ“c%

mect the applicable requirements of Article 231,

3. = Undergro

10 workers such as “Consult with

“Subsurface Contamination Exists,” The posting shall
5,081 (a)

und Radioactive Material Arcas may be located outside controlled areas ynless access is likely o

result in individual doses ter than 100 mrem/year in a year (rom underground rudioactive material,
10CFR K330 (b), #01(n) B'I'ﬂﬂ 00 ,y Y d od

4, Underground Radioactive Materinl Arcas are exempt from the entry and exit requirements of Chapter 3 when
access is not likely to result in individual doses greater than 100 mrem in a year, When access is likely to result
in individual doses greater than 100 mrem in o year, entry requircments in Article 332.1 should be implemented,

2-14
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Appendix 2A
Guidelines for Control of Emergency Exposures

In extremely rare cases, emergency cxposure Lo radiation may be necessary 10 rescuc personncl or to prolect major
property, Emergency exposures may be authorized in accordance with the provisions contained in 10 CFR 835,
These doses are in addiuon to and accounted for scparately from the doses received that are under the limits
specified in Table 2-1, The dose limits for personnel performing these operations are listed below, Further guidelines
for the control of emergency exposures are {found in the LANL Emergency Management Plan,

DOSE LIMT
(‘Totabaﬂective ACTIVITY PERFORMED CONDITIONS
0so
Equivalent)

-5 rem Al 10 CFR Kas.1302(d)

P . T S

= 10 rem Protecting major property Only on a volunuiry basis where lower dose

limit not pruclicable 19 CFR Ms1d021d)

= 25 rem Saving the lives of individuals or protecting | Only on a voluniary basis where lower dose

large populations limit not practicable 10 CFK KIS.L302(d)
= >25rem | Saving the lives of individuals or protecting | Only on a voluntary basis to Pcrsonncl fully
large populations aware of the risks involved 1¢ CYR R35.1303(0)
W

Notes
1, = The dosc limit to the lens of the eyc is three times Table 2-1 values, 19 CFR 835.1302(d)
2. = The shallow dose limit to the skin of the whole body und the extremitles is len Limes Table 2-1 vatues, 19 CFR R35.1302(d)
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Appendix 28
Welghting Factors for Organs and Tissues

WEIGHTING
ORGANS QR TISSUES FACTOR®*

Gonads

Breasts Q.15
Red bone marrow 012
Lungs 0.12
Thyroid 0.03
Bone surfaces 0.03
Remainder® 030
Whole body® 1.00

R

a. = Weighting factors (WT) as defined in ICRP Publication 26 and NCRP Report 91 shall bo used to convert organ or tissue
dose equivalent to effective dose oquivalent for the whole body, The effective dose equivalent is obtained by multiplying the .«
organ dose by the weighting factor, 19 CYRRIS38Xb) Eor example, a Ssrem dose to the thyroid would be multiplied by the
weighting factor 0,03 to vield 0,15 rem,

b. “Remainder” means the five other organs or tissues with the highest dose (i.c., liver, kidney, spleen, thymus, adrenal,
* pancreas, stomach, small intestine, and upper large intestine), The weighting factor of 0.3 {or the remainder resulls from a
weighting factor of 0.06 for each of the five remainder organs,

¢. = For the ¢ase of uniform external irradiation of the whole body, » weighting factor (W) equal 1o 1 may be used in the
determination of the effective dose equivaleny, 19 CFR K3S20(q)
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Appendix 2C
Nonuniterm Exposure of the Skin

= Nonuniform cxposures of the skin from x-rays, beta radiation, and radioactive materials on the skin, including hot
particles, shall be assessed and recorded as specified in the table below, 19 CFRRIS2050)

IRRADIATED NONUNIFORM SKIN DOSE

w arca2100cm? | 1. Average the dosc cquivalent over the 100 em? of skin receiving the maximum dose,
2. Add this average dose to any uniform dose equivalent also received by the skin,
3. Record as the annual extremity or skin (shallow) dose equivalent (M), 10 CFR R382es(h)1)

= arca210cm? | 1. Average the dosc cquivalent over the 1 em? of skin receiving, the maximum dose gD).
but < 100 cm« and reduce by the fraction (f) that is the irradiated arca in em+ divided by 100 ¢m
(i.c., H = D), In no case shall a value of f less than 0,1 be used,

2. Add this average dose Lo any uniform dose cquivalent also received by the skin,
3. Record as the annual extremity or skin (shallow) dose cquivalent, 19 CPR A2%205(h)2)
= area< 10¢m? | 1, Average the dose over the 1 em? of skin recciving the maximum dose.

Do not add to any other dose equivalent, extremity, or shallow dose cquivalent (skin)
recorded for the annual dose equivalent,

3. Record in the person's radiation dose record as a special entry, 16 CFR RIS205mX3)
L ———— - R masme}

[

Appendix 2D
= Quality Factors

The quality factor is the principal modifying factor used (o calculate the dose cquivalent from the absorbed dose; the
absorbed dose (expressed in rad or gray) is multiplied by the appropriate quality factor (Q).

Radlation Type Quality Factor
X-rays, gamma mrs. positrons, clectrons (including 1
witium beta particles)
Neutrons, S 10 keV 3
Neutrons, > 10 keV 10
Protons and singly charged particles of unknown energy 10
with rest mass greater than one alomic mass unit
Alpha particles and multiple-charged particles (and
particles of unknown charge) of unknown encrgy 10CFR10520)

= When spectral dat are insufficient 1o identify the cncrf,y of the ncutrons, a quality factor of 10 shall be used,
When speetral data are sufficient w identify the energy of the neutrons, the mean quality factor values in Appendix
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Appendix 2E

= Quallty Factors for Neutrons

(Mean quality factors [maximum value in a 30-cm dosimetry

hantom] and values of neutron flux density that

deliver 1n 40 hours a maximum dos¢ cquivalent of 100 mrem (0,001 sievert])
Mean Quallty Neutron Flux Denslty
Neutron Energy (MeV) Factor (em*2isecl)

2.5 x 10-8 thermal 2 680
1x107 2 680
1x 10 2 560
1x10°5 2 560
1x 104 2 580
1x 103 2 680
1x 102 25 200
1x10% 7.5 115

§x 10 11 27

1 11 19

) 9 20

S 8 16

7 7 17

10 6.5 17

14 7.5 12

2 8 11

40 7 10

60 5.5 11
1x10° 4 14

2x 104 3.5 13
3Ix10¢ 35 11
4x10° 3.5 10

10 CFR RI52(a)
218
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PART 1 Planning Radlologlcal Work

311 Requircments

= Technical requirements for the conduct of work, including construction, modifications, operations, maintenance,
and decommissioning, shall incorporate radiological eriteria to ensure safety and maintain radiation exposures as
low as reasonably achicvable (ALARA), 19 CFRRS.1002(d) The primary methods used to maintain exposures ALARA
shall be facility and cq’uig)mcm design features. Thesc features may be augmented by administrative and procedural
requirements, 19 €YK 833.1%01aXb) To accomplish this, the design and planning process should incorporate radiological
considerations in the carly planning stages. The checklist in Appendix 3A is helpful in reducing occupational
radiation cxposure,

312 Planning for Maintenance, Operations, snd Modifications

1. Maintenance and modification plans and procedures shall be reviewed o identify and incorporate radiological
requircments, such as engincering contrals and dose and contamination reduction considerations,

Performing this review is the responsibility of line management with support and coneurrence {rom the
radiation protection organization,

2. For routinc tasks, such as surveillance, tours, and minor nonradiological maintenance, performance of the above
review and documentation of identificd rudiological requirements may be conducted as part of the radiological
work permit (RWP) process (sce Article 321),

3. The following trigger levels shall require formal radiological review of nonroutine or complex work activities
by the involved linc organizations and the radiation prolcction organization, using the radiological/ALARA job-
planning review process.

a. Estimated individual external dose greater than 100 mrem or collective external dose greater than 500
person-mrem per work aclivity (as delined by the radiological work permit)

b. Actual or predicied airborne radioactivity concentrations in excess of 40 DACs (derived air concentration)
hours

¢.  Work arca removable contamination greater than 100 times the values in Table 2-2
d. Entry into arcas where dose rates exceed 500 mrem/Mre
c

Potcntial radioactive releases (o the environment that are of a nonroutine nature (routine releases from
identified sources do not require formal radiological reviews)

4. Tasks with the potential 1o exceed the above grigger levels shall undergo a formal, documented radiological or
ALARA review, Al a minimum, this review should consider the following:

a.  Include radiological control hold points in the radiological work permit and technical work documents,
b. Eliminate or reduce radioactivity through line flushing and decontamination,

¢. Use work processes and special tooling 1o reduce ime in the work area,

d. Uscengincered controls to minimize the spread of conamination and generation of airborne radioactivity,
¢. Specify specinl rudiological training or monitoring requircments,

. Use mock-ups for high-cxposure or complex tasks,

g. Design, cngincer, and usc wmporary shiclding 10 reduce radiation Jevels,

h.  Walk down or perform a dry run of the activity using applicable procedures,

i.  Stage and prepare necessary materials und special 100ls,

Jj.  Maximize prefabrication and shop work.

k. Review abnormal and emergency procedures and plans,

1, ldentify points where signatures and second-party or independent verifications are required.

m. Establish suceess or completion criteria, with contingency plans 1o anticipate difficulties,
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n. Develop a pre-job estimate of ¢ollective exposure 1o be ingurred for the job,
0, Provide for wasic minimization and disposal.

5. Radiological requircments jdentified as a result of the above radiological review should be specified in the
radiological/ALARA job-planning review documentation, procedures, or work plans.,

6. Radiological work anticipated to exceed individual or collective dose criteria estadlished above as rigger levels
should be reviewed and approved by the line organization ALARA committee or the line organization ALARA
coordinalor,

7. = Optimization techniques, including cost=benefit analyses, represent a fundamental part of radiological design
analysis and work review, For review of minor activities with low associated doses, a cost-benefit evaluation is
an intrinsic part of the engineering review process, and a detailed evaluation is not necessary, For review and
planning of major wasks involving higher collective dose expenditures, a detuiled and documented evaluation
shall be performed by the line organization in coordination with the Health Physics Operations Group (ESH-1),
the Policy and Progrnm Arl:'uz{sis Group (ESH-12) ALARA Team, and the Facility, Seeurity and Safeguards
(FSS) Division, 19CFR RSI%2)

8, = The DAC values given in appendixes A and C of 10 CFR 835 shall be used in the control of occupational
exposures 1o airborne radicactive maierial, 19 CYR D2MG)

313 Infrequent or First-Time Activities
At those facilitics with routine, recurring process operations, special management attention should be directed 1o
radiological activities that are infrequently conducled or represent {irst-time operations, Planning for such activitics
should include the following:
1. Formal mdiological review in accordance with Article 312.4
2. Group leader review directed toward anticipating concerns and emphasizing and specifying protective measures
3, Review and approval by the line organization ALARA commilice

"4, &h@gcrid line and radiation protection organization management oversight during the initiation and conduct of
314 Temporury Shiclding (for Rudiological Control Purposes Only)

1. The installation, use, and removal of any materials used (o provide radiation shiclding on an intentionally
temporury basis (hercafter referred to as “temporary shiclding™) should be controlled by procedure.

2. The effeets of the additional weight of temporary shiclding on systems and components should be evaluated and
established to be within the design basis prior 1o installation,

3. 1?1?”“ wmporary shiclding should be periodically inspected and surveyed by ESH-1 o verify effectiveness
and integrity.

4, I}tqd;'ggion surveys should be performed by ESH-1 during the alteration or removal of installed temporary
shiclding.

5. Installed temporary shiclding should be visibly marked or labeled with the following or equivalent wording:
“Temporary Shiclding - Do Not Remove Without Permission from ESH-1,"

6. Insualled temparary shielding should be periodically evaluated by the radiation protection organization (o assess
the need for its removal or replacement with permanent shiclding.

7. Fucility procedures may identify specific shiclding applications, such as the shiclding of low-activity sources or
samples, that fall outside the recommendations of this article.
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315 Technical Work Documents -
1. Technical work documents, such as safc operating procedures, work plans, or research plans, should be used to A
control hands-on work with radioactive materials, Technical work documents are not required for incidental or 2

routine work activities that involve a Jow potential for worker exposure or workplace contamination, such as the
collection of trash or used protective clothing,

2. Technical work documents used to control radiological work activities should be reviewed and approved by the
radiation protection ofganization,

3. Radiological control hold points should be incorporated into technical work documents for sieps that require
action by the radiation protection organization (o prevent rdintion cixposures in excess of administrative control
levels, high airborne radioactivity concentrations, or the release of radioactive maierial to the environment that
is of a nonroutine nature,

316 Minimizing Interns) Exposure

The minimization and contro! of intemal exposure as discussed in Article 136 should be conducted in accordance
with the guidelines of Appendix 3A and the following hicrarchy of controls,

1. = Engincering controls, including containment of radioactive material at the source wherever practicable,

g‘s%%?(bf )mc primary method of minimizing airborne radioactivity and internal exposure to workers, 19 6FR
a)¢,

2. = Administrative controls, including access restrictions and the use of specific work practices designed to

minimize airborne contamination, should be uscd as the secondary method o minimize worker intemal

3. When engincering and administrutive controls have been applicd and the potendal for airborne radicactivity sull
exists, respiratory protection should be used to limit internal exposures, Use of respiratory protection should be
considered under the foliowing conditions:

a, Entry into posted Airbomne Radioactivity Area

b, Breach of contaminated sysicms or components

c. }rVorlk g\ ;rcas or on equipment with removable contamination levels greater than 100 times the values in
able 2-

d. Work on contaminated or activaled surfaces with the potential 10 generate airbome radicactivity

4. The selection of respiratory protection cquipment should include consideration of worker safety, comfort, and
efficiency. The use of positive pressure respiratory protection devices is recommended wherever practicable to
alleviate fatigue and increase comfort.

5. Inspecific situntions, the use of respiratory protection may be contraindicated duc to physical limitations or the
potential for significantly increased external exposure. In such situations, written authorization should be
obtained {rom the linc organization manager and the Radiation Protection Program manager prior (o incurring
internal exposure, Specific justification of the need to accept the exposure, including a description of measures
taken to mitigate the airborne radioactivity, should be documented as part of the authorization process.

6, ‘The following controls shall be applicable for activities authorized in accordance with the above,

a. Stay-time controls 10 limit intake should be established for the entry,

b. Evaluation of warkplace airborne radioactivity levels should be provided through the use of continuous air
monitors (CAMs), portable air samplers, and {ixed-head air samplers with expedited assessment and
analysis of results,
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cstablished for contamination control purposes and Contamination Areas, High Contamination Areas, or
Airborne Radioactivity Arcas unless approved by ESH-1.

8. The DAC values given in Appendixes A and C of 10 CFR 83§ shall be used in controlling occupational
exposures to dirbome radioactive materinl, 19 CFR RS30%a)

7. Workers with open or healing wounds should not enter Controlled Arcas and Radiological Buffer Areas l

3-4
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PART 2 Work Preparation

321 Radiological Work Permits

The radiological work permit is an administrative mechanism used o evaluate and document potential radiological
hazards, and establish radiological controls for intended work activities, The radiological work permit informs
workers of arca radiological conditions and entry requirements and provides a mechanism 10 relate worker expostre
1o specific work uctivities, The radiological work permit should include the following information;

Description of work

b
.

Work area radiological conditions

2

3. Dosimetry requirements

4. Pre.job bricfing requirements, as applicable

5. Training requirements for entry

6. Protective clothing and respiratory protection requircments

7. ESH.1 coverage requirements and stay-time controls, as applicable
8. Limiting radiological conditions that may void the radiological work permit
9. Special dose or contamination reduction considerations

10. Special personnel frisking considerntions

11, Technical work document number, as applicable

12, Unique identifying number

13. Date of issuc and expiration

14, Authorizing signatures by the radiation protection organization, FSS Division, operating group, or subcontactor
as appropriale for the work activities covered by the radiological work permit

322  Using Radiologicul Work Permits

1. = Radiological work permits shall be used 1o control the following activities:

a. = Entry into High and Very High Radiation Areas 19 CFRRISS01(d)
b. = Entry into High Contamination Arcas 19 CFR R33301(d)
¢. = Entry into Airborne Radioactivity Argas 19CFR RISS01td)

2. =~ Radiological work permits should be used to control the following activitics;

2, = Entry into Radiation Arcas 19 CFR K814
b. = Entry into Contamination Arcas 19 CFR R8301e)
¢. = Handling of materials with removable contamination that exceed the values of Table 2.2 19 CFR®83e1(d)

3. = Jobespecific radiological work permits shall be used to conunl nonroutine operations or work in areas with
changing radiological conditions, 1¢ ¥R W3301d) The job-specific radiological work permis shall remain in effect
only for the duration of the job.
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General radiological work permits may be used Lo control routine or repetitive activities, such us tours and
ingpections or minor work activitics, in areas with well-characterized and stable radiological conditions, General
radiological work permits should not be approved for periods longer than one year,

= Radiclogical surveys shall be routinely performed and reviewed to evaluaie adequacy of rdiological work
permit requirements, Radiological work permits shall be ,ﬂxhwd if radiological conditions change 10 the extent
that protective requirements need modification, 19 CFR RAMLG)

Radiological work permits should be posted at the access point o the applicable radiological work area or
acknowiedged through electronic means where automatcd access systems are in place,

Workers shall sign (or acknowledge through electronic means in arcas where automated access systems are in
place) that they have read, understand, and will comply with the radiological work permit before initial entry to
the aren and atter any revisions o the radiological work permit,

Waorker pocket or clectronic dosimeter readings should be rocorded in a format that identifies and provides
linkage to the applicable radiological wark permit.

= An altermative formal mechanism, such as sale operating procedures (SOPs) or experiment authorizations,
may be used in licu of a radiological work permit as the administrative control over radiological work activities,
100 5.301) If an glternative mechanism is used, it should meet the requirements of this article and

Articles 321 and 323,

323 Preparing Radiological Work Permits

1.

The responsibility for ensuring adequate planning and control of work activilies resides with line management,
The lead work group responsibic for the planned activity or for the area should initiate the preparation of the
radiological work permit, -

Radiclogical work permits shall be reviewed and approved by the radiation protection organization and other
appropnate line and contractor organizations,

mcd(apiologiaﬂ work permit shall be based on current radiological surveys and anticipated radiological
conditions.,

The radiological work permit shall be approved by the supervisor responsible for the work or erea and the
appropriate ESH-1 radiological control technician (RCT) supervisor, Revisions or exicnsions 10 radiological
work permits shull be subject to the same approval process. ,

324 Pre-Job Bricfings

ll

[ o4

Ata minimym, prejob briclings should be held prior to the conduct of work anticipated to exceed the trigger
levels identificd in Article 312.3. Pre-job bricfings should also be conducted for all work nctivities covered by a
radiological work permit in which multiple line organizutions, crafts personnel, and support personnel are
involved in the work evolution, Pre-job bricfings should be held when a radiological work permit is revised or
when personnel! in the work evolution change,

Ata minimum, the pre-job bricfing should include the following:

Scope of work to be performed

Radiological conditions of the workplace

Procedural and radiological work permit requirements

Special radiological control requirements

Rnd'i:ologic;xtlly limiting ¢onditions, such as contamination or radiation levels that may void the mdiological
work permi

Radiological control hold paints

pRnop
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g. Communications und coordination with other groups
h. Provisions for housekeeping and final clcanup
i. Emergency respanse provisions

3, Pre«job bricfings should be conducted by the cognizant work supervisor,

4. Workers and supervisors dircctly participating in the job, cognizant ESH-1 personnel, and representatives from
involved support organizations should attend the briefing,

5. A summary of topics discussed and atiendance at the pre-job briefing should be documented. This
documentation should be mainwined with the technical work document.

325 Personal Protective Equipment and Clothing
1. = Personnel shall wear protective clothing during the following activities:

2. Handling of contaminated materials with removable contamination in excess of Table 2+2 levels
b. = Work in Contamination, High Contamination, and Airborne Rudioactivity Arcas 19 CYR 05404y

¢. Asdirected by the ESH-1 RCT, as specificd on the entry posting, or as required by the radiological work
permit

2. Prowctive clothing and shoes designated for rdiological control shall be as follows,

a.  Marked in accordance with Article 461
b, Used only for radiological control pumposes

3. Protective clothing dress-out arcas should be established as closc as possibic 10 the work area, Workers should
proceed dircetly to the radiological work area after donning personal protective equipment and ¢lothing,

4, Personal protective equipment and clothing shall be seleeted as prescribed by the controlling radiological work
permit or as specified on the cpu%postjng. General guidelines for protective clothing sclecuon and use are
provided in Appendix 3C and in Tubie 3-1,

5. The usc of lab couts as radiological protective clothing is appropriate for limited applications such as those
discussed in Appendix 3T where the potential for personal contamination is limited to the hands, arms, and
upper {ront portion of the body, Lab coats should not be used as protective clothing for performing physical
work activities in Contaminauon, High Contamination, or Airborne Radioactivity Areas,

6. Inarcas where personal protective clothing is routinely worn, insiructions for donning and removing the
protective clothing should be posted at the dress-out und step-off pad areq,

7. The use of protective equipment or clothing (including respiratory protection) beyond that authorized by ESH-1
detracts from work performance and is contrary 10 ALARA principles and waste minimization practices, Such
us¢ should not be avthorized.

8. Company-issued clothing (not rudiological pratective clothing), such as work coveralls and shoes, should be
considercd the same as personal clothing, Company-issucd clothing should not be used for radiological control
purposes, Precautionary clothing is a type of radiological protective ¢lothing,

"
"

s 3o

5 SNSRI

-~
]
.

.r i‘_f-_’ <




LANL RADICLOGICAL CONTROL MANUAL Docember 23, 1954
Conduct of Radiological Work Chapter3

PART 3 Entry and Exit Requiremonts

331 Controlled Areas

Successful completion of General Employee Radiological Training is required as a minimum for unescorted entry
into Controlled Areas.

332 Radiological Buffer Areas
1. Minimum requirements for unescorted entry into Radiological Buffer Arcas shull include the following:

a. Radiological Worker I trnining
b. Personne! dosimetry, as appropriate

2. Personnel who exit a Radiological Bu(fer Area containing Contamination Areas, High Contamination Areas, or
Airborne Radioactivity Areas should be monitored as specified in Article 338,

J33 Locations Posted for Radionctive Materinls

'

1. Radiological Worker I training shall be required for unescorted entry into locations posted for radicactive
maierials (se¢ Article 236) containing cither of the following:

2. Scaled radioactive sources that exceed the trigger level specified in Article 2363,

b. Radionctive material of a quantity exceeding the trigger level specified in Article 236,3.0 labeled and
packaged in accordance with Articles 412 and 413

[ 54

Entry into-locations posted for radioactive materinls where whole-body dose rates exceed § mrem/hr or
removable conlamination levels exceed Table 2-2 values shall be in accordance with the requirements of
Artcles 334.1 and 335.1, respectively.

334 Radiation, High Rudiation, and Very High Radiation Areas
1. Minimum requirements for unescorted entry into Radiation Areas shall include the following:

A Radiological Worker ]
b, Worker's signaturc on the radiological work permit, as applicable
¢. Personncl dosimetry

2. = Physical controls to prevent inadvertent or unauthorized access to High and Very High Radiation Areas shall
be maintained in accordance with Appendix 3B, 10 CFR RISS0i(a)(b)e)

3. Minimum requirements for unescorted entry into High Radiation Arcas shall in¢lude the following:

Radiological Worker II training and training in the use of a survey meter (or dose-rate-indicating device)
Worker's signaturc on the radiological work permit

= Personncl and supplementnl dosimelers 19 CFR 83%402(a)4)

Survey meter or dose-rate-indicating device available at the work: area

Another worker meeting the above minimum requircments who ean observe the worker making the entry
from a low-dose-rale, low/no contamination, low/no airborne radioactivity vantage point and who can
respond in the event of an emergency

eapop
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4, Minimum requirements for unescorted entry into High Radiation Areas where dose rates exist such that a
worker could exceed a whole-body dose of 1000 meem in 1 hr shall include those items listed in Article 3343

and the following:

a, A determination of the worker's current exposure, based on primary and supplemental dosimeter readings

b. Pre-job dricfing, as applicable
¢, Review and determination by ESH-1 on the required level of radiological control technician coverage

S. = Workers shall be prevented from entry to Very High Radiation Arcas when the radiation source is exposed
and very high radiation fictds arc present, 19 CFR®3020) 1 addition to the controls required in Articles gg-m
and 334.3, 4 survey shall be made prior 1o the first entry to the arca afier the source has been secured or shiclded
10 verify that the very high radiation field has been terminated.

6. Facility operations personnel and ESH-1 should be notified prior 1o personnel entry to areas where operational
or system changes made by operations personnc! could result in significantly increased area dose rates,

7. The number, issue, and use of keys shall be strictly controlled where locked entry ways are used to control
access 10 High and Very High Radiation Areas,

8. ESH-1 should maintain an inventory of High and Very High Radiation Arcas.

9. Weckly inspections of the physical aceess conirols to High and Yery High Radiation Areas (when radiation
ficlds arc present) should be made by the responsible line organizauon to verify that controls are adequate to
prevent unauthorized entry, The weekly inspection requirement docs not apply o x-ray-device safcty interlocks,
which must be checked by the x-ray-device custodian at least semiannually,

10, = Administrative procedures shall be developed as necessary to implement area access controls, 10 €F®
RISI01(a)eH) m These procedures shall address measures implemented 10 ensure the effectiveness and operability

of entry control devices, such as basricades, atarms, and locks, 10 CFR Q3301

= No controls shall be installed a1 any radiological arcu exit that would prevent rapid evacuation of personnel

11
under cmergency conditions, 10 CFK &Y8301(e)

335 Contamination, High Contumination, und Airborne Radioactivity Areas

The following requirements do not apply (o situations where only a worker's hands/arms are in a contaminated
confincment enclosure as would be the case with laboratory fume hoods, open-{rant boxes, and glove boxes. Refer
to Article 347 for controls applicable to working in these enclosures,

1, Minimum requircments for unescorted entry into Contamination Arcas shall include the following:

a,  Radiological Worker 17 training

b. Worker's signature on the radiological work permit, as applicable
¢. = Protective clothing 19 CFR R5.404)

d. Personnel dosimetry, as appropriate

2, Minimum requircments for unescorted entry into High Contamination or Airborne Radioactivity Areus shall
include the following:

a. Radiological Worker I1 training
b, Worker's signature on the radiological work permit
c. ;,?3{3“’"’" clothing and respiratory protection, when specified by the radiological work permit 19CFR

d. Pre-job bricfing for High Contamination or Airbome Radioactivity Areds, as applicable
¢. Personnel dosimetry, as appropriate

3-9
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3, ;-lll’crspnnc\ cxiting Contamination, High Contamination, or Airborne Radioactivity Areas shall perform the
ollowing:

a. Remove protective ¢clothing as specified in Appendix 3C,
b. = When entering an uncontaminated area, perform whole-body frisking 10 detect personnel contamination
in accordance with Article 338, 3¢ CFR 34040

4, Fxl;t paints from Contamination, High Contamination, or Airborne Radioactivity Arcas should include the
ollowing: -

o, Step-off pad located outside the exit point, contiguous with the arca boundary

b, Step-oIf pads maintained free of radioactive contamination

¢. Labeled containers inside the area boundary for the collection of protective ¢lothing and equipment, and l
radwaste, if needed

d. Contamination monitoring equipment located as close to the step-off pad as background radiation levels
permit

5. Multiple step-off pads should be used at the exits from High Contamination Areas, Use of multiple step-off pads
is described in Appendix 3C.

6. Protective clothing and monitoring requirements specific to bench top work, laboratory fume hoods, sample
stations, und glove boxes are identificd in Article 347,

7. Tools or equipment being removed from arcas posted for surface or airbomne radioactivity control shall be
mnilmcél t‘c)‘;;1 rggasc in accardance with Articie 421 or for retention in the contaminated 100l crib in accordance
with Article s

8. = Administrative procedures shall be developed as necessary to implement area access controls, 1SR
BIS301(a)e)d) = These procedures shall address measures implemented to ensure the effectiveness and operability
of entry control devices, such as barricades, alarms, and locks, 1¢ CFR RSSel(e)d)

9. = No controls shall be installed at any radiological area exit that would prevent rapid evacuation of personnel
under emergency conditions, 1¢ CFR aSsse)

336 Visitor Entry Requirements

1. Facility procedures shall identify area entry requirements and access restrictions (or visitors.

2. Visitors with a demonstrated necd to enter the areas listed below may be allowed aceess if such access is
controlled with a combination of training and the use of escorts trained for the specific areas.

a. Controlled Area

b. Radiological Buffer Aren

¢. Radiation Areas

d. Contamination Area

¢. Radioactive material storage locations

3. Visitors shall be prevented from cnicring Very High Radiation Areas in accordance with Article 334.5 and
should be prohibited access to High Radiation, High Contamination, and Airborme Radiosctivity Areas,

4. Training requirements for visitors arc identificd in Articles 622 and 657,

337 Controlling the Spread of Contamination

= The following measures should be used to prevent the spread of contamination across the boundary of
Contamination Areas, High Contamination Areas, and Airborne Rudioactivity Areas,

310
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= Usc solid barricrs 10 en¢lose ureas wherever practicable, 10 CFR A3s4sdh)

= Mark and secure items such as hoses and cords that cross the boundiry, 19 CFR RIS.404(n)

= Control and direct airflow from areas of lesser 1 greater removable contamination, 18 CFR A35484(b)

= Usc engincering controls and containment devices such as glove bags, glove boxes, and ients, 19 CFRAM4M(E)

= Consider the physical and chemical characteristics of the contaminant, the radionuclides present, and the
fixed and removable contamination levels, 10 CFR R3.40403)

338 Monitoring for Personnel Contamination
1. Personnel shall perform a whole-body frisk under the following conditions:

a. Immediately upon entry into an uncontaminated arca afier exiting Contamination Areas, High
Contamination Areas, and Airborne Radioactivity Areas

b. Asdirected by the radiological work permit, the ESH.1 RCT, or the arca exit posting

In addition to the above, personnel exiting a Controlled Arca or Radiological Buffer Arca containing
Contamination, High Contamination, or Airborne Radicactivity Arcas should, at a minimum, perform a hand
and foot frisk. This {risk is optional if the Controlled Arca or Radiological Buffer Area exit is immediately
adjacent to the location where the exiting worker has already performed a whole-body frisk.

Where frisking cannot be performed at the exit from Contamination Arcas, High Contamination Arcas, or
Airborne Radioactivity Arcas due to high background radiation levels, personnel shall perform the following:

a. Remove all protective equipment and clothing at the exit,
b, Procced dircetly to the nearest designated monitoring station,
¢. Conduct a whole-body frisk.

Personnel (risking shall be performed afier removal of proteetive clothing and before washing or showering,

Personnel frisking shall be performed using instruments that meet the minimum delection requirements of
Article 221.2, Guidelines for personnel [risking are provided in Appendix 3D,

The.use of automated personnel contamination moniters is encouraged.

=~ Personal items, such as notebooks, pwrs. and flashlights, shall be subject to the same frisking requirements
as the person carrying them, 19 CFK £33404(n

Instructions for personnel frisking should be posted adjacent to personnel frisking instruments or monitors,

The personncl frisking requirements contained in this anicle arc not applicable at those facilities that contain
only radionuclides, such as tritium, that cannot be detected by currently available hand-held or antomated
frisking instrumentation, At such facilitics, additional cmphasis should be placed on worker bicassay programs
and routine contamination and air-sampling programs,
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PART 4 Radlological Work Controls

341  Requirements

1, = Radiological work activities shall be conducied as specified by the controlling technical work document and
radiological work permit, 19 ¥R 03.3010)

2. Prerequisite conditions, such as tagouts and system isolation, should be verificd,

342 Work Conduct and Pructices

1. Contamination levels caused by ongoing work shall be menitored und maintzined ALLARA. Work should be
curtailed and decontamination performed at pre-established contamination levels, taking into account worker

exposure.

2. Tools and cquipment should be inspecied to verify applicability and operability before being brought into
Contamination, High Contamination, or Airborne Radicactivity Areas,

3. The usc of radiologically ¢lcan tools or equipment in Contamination, High Contamination, or Airborne
Radioacuvity Arcas should be minimized by the implementation of a contaminated tool ¢rib in accordance with
Article 442.5, When such use is necessary, tools or cquipment with complex or inaccessible arcas should be
wrapped or sleeved to minimize contamination.

4, Enginecring controls, such as contuinment devices, portable or auxiliary ventilation, and temporary shiclding,
should be installed in accordance with the technical work documents and inspected prior 10 use,

S. Hoscs and cables cntering the conaminated work arca should be secured to prevent the spread of contamination
and to prevent them from becoming safety hazards,

6. The tdentity of components and sysiems should be verilicd prior to work,
7. Work activities and shift changes should be scheduled to prevent idle time in all types of radiological areas.

é. Whir:d practicable, parts and components should be removed o areas with low dose rates before they are
worked on.

9. Upon identification of radiological concems, such as inappropriate work controls or procedural deficiencies,
workers should immediately report the concemn 10 ling supervision or ESH-1.

10, Requirements for area cleanup should be included in the technical work documents, Work activities should not
be ¢considered complete until support material and equipment have been removed and the arca has been returned

to at least pre=work status,

11. To minimize intakes of radicactive material by personnel, smoking, cating, drinking (except as noted below),
applying cosmetics or lip balms, or chewing shall not be permitted in Contamination, High Contamination, or
Airborne Radioactivity Areas, Smoking, eating, drinking (except us noted below) applying cosmetics or lip
balms, or chewing is also not allowed in Controlied or Radiological Buffer Areas established for potential
contamination purpases. When a patential exists for personnel heat stress, drinking may be permitted within a
Controlicd, Radiological Buffer, and Contamination Arca if all the following conditions and controls are meL

The potential for heat stress cannot be reduced by the use of administrative or engineering controls,
All drinking is from approved containers or sources,

At a minimum, workers® hands and faces shall be monitored for contamination prior to drinking.
Participating workers shall be monitored as part of the bioassay program.

The applicable requirements and controls shall be described in approved procedures,
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343 Logs and Communications

1.

5.

Rudiological control personnel should maintain logs 1o document radiological occurrences, status of work
activitics, and other relevant information,

During continuous or extended daily operations, incoming ESH-1 personnel should review logs and receive a
turnover bricfing from the personnel they are relicving,

Communication systems requircd by the radiological work permit or technical work document should be
checked for operability before being brought into the work arca and periodically during work.

Workers should keep radiological control personncl informed of the status of work activities that affect
radiological conditions,

Conduct of the operations described in this article should follow DOE Order 5480,19, “Conduct of Operations.”

A4 Reviewing Work in Progress

10

3]

3

As part of their normal work review, work supervisors should periodically review ongoing jobs to ensure
prescribed radiological controls are being implemented.

Radiological control personnel should conduct frequent tours of the workplace 1o review the adequacy of
radiological work practices, posting, and area controls.

During the performance of jobs for which a pre-job dose estimute was made, ESH-1 and -12 (as appropriate), in
cooperation with line management, should periodically monitor collective dose aceumulation and compare it
with the pre-job dosc estimate, Dilferences should be reviewed to identify causes and assess the need for
cofTective actions.

345 Stop Rudiological Work Authority

ll

3

Rudiological control technicians and their supervisors, linc supervision, and any worker through his or her
supervisor have the authority and responsibility 10 stop radiological work activities for any of the following
reasons:

a. Inadequate radiological conirols
b. Radiological controls not being implemented
¢. Radiological control hold point not being sausfied

Stop radiological werk authority shall be exercised in a justiliable and responsible manner.

Once radiological work has been stopped. it shall not be resumed uniil proper radiological contro) has been
reestablished.

Resumption of radiological work requires the approval of the line manager responsible for the work and the
Radiation Protection Program manager,

336 Responding to Abnormal Situutions

L

”
-

The LANL Radiological Control Manual establishes requirements for responding 10 alarms as described below,
Response to 4 continuous air monilor alarm should include the following actions:

a, Stop work activities,
b, Immediately exit the area,
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¢, Notify ESH-1 personnel and line supervisor.

3. Response to increasing or unanticipated radiation levels, as identified by a supplemental dosimeter or arca
radiation monitor alarm should include the following actions:

a. Stop work activitics,

b. Alertothers,

c. Affected personnel immediately cxit the area,
d. Notify ESH-1 personnel and line supervisor.

4, Response to a criticality alarm should include the following actions:

3. Immediately evacuale the area without stopping 1o remove protective clothing or perform exit monitoring,
b. Report 1o designated assembly area.
¢. Notify ESH-1 personne! and line supervisor,

5. Response to a personnel contamination monitor alarm should include the following actions:

a. Remain in the immediate area.

b, Notify ESH-1 personnel and line supervisor,

¢. Take acuons that may be available 1o minimize cross-contamination, such as putting a glove on a
. contaminated hand,

d, Take followsup actions in accordance with Article 541,

6. Response to a spill of radioactive material should include the following actions:

a. Stop or secure the operation causing the spill.

b, ‘Warn others in the area.

¢, Isolate the spill aren if possidle,

d. Minimize individual exposure and contamination.
¢. Secure non-HEPA-{iltcred ventilution,

f. Notify ESH-1 personnel and line supervisor,

7. Responsc to a spill involving highly toxic chemicals should include the following actions:

a. Immediately exit the arca without attempting to stop or secure the spill.
b. Promptly notify the line supervisor, group/division/fucility spill coordinator, and Hazardous Materials
Response Group (ESH-10); and ESH-1 personnc! in the event of a radiological concern,

347  Controls for Bench Top Work, Laboratory Fume Hoods, Sumple Stations, Open-Front Boxes, and
Glove Boxes

The following m}uircr_ncms are applicable to radiological work that has the potential to generate radicactive
contamination in localized bench top arcas, open-front boxes, laboratory fume hoods, sample stations, and glove box
operations located in areas that are otherwise contamination free,

1. Radiological work permits or other controtling work documents (for example, SOPs) should be issued to contro!
radiclogical work in localized bench top areas, open-front boxes, laboratory fume hoods, sample stations, and
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glove boxes, Personnel dosimetry (as appropriate) and Radiological Worker I are required for work in these
areas,

i
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2. The following conwols apply to localized bench top, open~front box, and laboratory fume hood operations:

a, Protective clothing shall, at a minimum, include lab coats and gloves, Gloves should be secured at the wrist
as necessary, Eye and face protection must be worn, as appropriale, as specified in AR 12-1, “Personal
Protective Equipment”

b, Shoe covers should be considered based on the potential for floor contamination.

¢.  Workers should periodically monitor their hands during work.

d. Upon completion of work or prior 1o lcaving the arca, workers shall monitor those areas of their bodics that
are potentially contaminated, At a minimum, this includes hands, arms, and front portions of the body,
Workers should perform a whole-body frisk.

i
.

3, The following controls apply to sample station operations:

a. Protzetive clothing shall, at a minimum, include lab coats and gloves, Gloves should be secured at the wrist
as neeessary,

b. Shoe covers should be considered based an the potenual for floor contamination,

¢. Ifthere is a potential for splashing or airbomne radioactivity, as there is when wking pressurized samples,
additional controls such as rubber aprons, {ull protective clothing, or respiratory protection should be
instituted. Eye and face protection must be worn, as appropriate.

d, Workers should periodically moniter their hands during work,

¢. Upon completion of work or prior to leaving the arca, workers shall monitor those arcas of their bodies that
may be potentially contaminated, At a minimum, this includes hands, arms, and {ront portions of the body.
Workers should perform wholc-body frisks.

4, The following contols apply to glove box operations:

4. Glove boxes should be inspested for integrity and operability prior 1o use,

b. Glove boxes should be marked or survey measurements should be posted to identify wholesbody and
extremity dosc rates,

¢. Protcctive clothing shall, at a minimum, include lab conts and gloves, Gloves should be secured at the wrist

us necessary, Eye and face prolection must be wom, as appropriate,

Shoe covers should be considered based on the patential for floor contamination,

Warkers should periodically monitor their hands during work,

Upon completion of work or prior (0 leaving the arca workers shall monitor those arcas of their bodics that

arc potentially contaminated. At o minimum, this includes hands, arms, and feet. Workers should perform

whale-body [risks, .

e o

348  Controls for Hot Particles

Hot particles arc small, discrete, highly rudioactive particles capable of causing extremely high doses (0 a localized
area in a short period of Lime, Hot particle contamination may be present or may be generated when contaminated

systems arc opened or when operations such as machining, cutting, or grinding are performed on highly radioactive
materials,

1. AtLANL, hot particles arc defined as those particles copable of producing a shallow dose equivalent greater
than 100 mrem in 1 hr,

Mcasures for controlling hot particles, as identified in items 3 through 7 of this anicle, shouid be implemented
under any of the following conditions:

(2

a.  Upon identification of hot particles
b. During new or nonroutine operations with a high potential for hot particles, based on previous history

3-15
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¢. Upan direction of the radiation protection organization

Arcas or operations with the potential for hot particle contamination should be surveyed in accordance with

Artcle §54.7.

Contamination Area posting should be annotated to specifically identify the presence of hot particles,

Access to hot particlc arcas should be controlled by a job-specific radiological work permit. The following
controls should be considered for inclusion on the radiological work permit:

a, Periodic personnel monitoring during (ﬁc work activity, at a frequency based on the potential magnitude of

skin exposure

b. Additionn! personal prowcctive equipment and clothing
¢. Directradiological control personne] coverage during work or assistance during protective clothing

removal

~d. Use of sticky pads or multiple step-off pads

Personal protective equipment and clothing used in hot particle arcas should be segregated from other
radiglogical protective equipment and clothing prior 1o laundening and surveyed pnor to reusc,

Response to hot particle skin contamination of personnel should include the following:

a. Immediate removal and retention of the hot particle for subscquent analysis

b, Analysis of the particle
c. Assessment of worker dosc
d. Evaluation of work control adequacy

3-16
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PAR_T 5 Evalyation of Performance

During the conduct of radiological work and the handling of radioactive materials, abnormal events may occur that
could indicatc a weakness or area of programmatic breakdown of radiological controls, Prompt, consisient gathering
of facts related 1o such events is required 10 satisly reporting and investigation requircments and to formulate
carrective actions to prevent recurrence. In addition, successful performance or completion of unique activities
should be evaluated 1o identify and incorporatc sppropriate lessons Jeamned.

Analysis of the facts may reveal areas where improvements can be made or where methods can be identificd 1o
prevent the recurrence of events leading 10 undesired results,

351 Conduct of Critiques

Critiques arc meetings of the personnel knowledgeable about an event (either a success or an abnormal event) to
docurréng;u ? chronological lisung of the facts, The purpose of the eritique is not 10 assign blame but w establish and
record the facts,

1. Critiques should be conducted for successes and abnormal events,

2, Critique leaders should be members of operating groups, the Occurrence Investigation Group (ESH-T7), or the
radiation protection organization swafl members who have been trained in the required elements of the critique
process and the appropriate methods of conducting and controlling the critique.

3. Critique mectings should be concucted as soon as practicabie afier the event or situation is stabilized or after a
successful evolution is completed. Critiques of abnormal events should preferably be conducted before involved
personnel leave for the day,

4, The general critique process should include the following clements:

Formal mectings, chaired by a critique leader

Attendance by all who can contribute

Personal statement forms completed by selected personnel before the mectling
Atendance records

Minutes, recorded and signed by the critique leader and all contributors
Personal statements, signed and attached 1o the meeting minutes

A listing of the facts in chronological order

Supporting materials, including documents, records, photographs, parts, and logs, maintined by the
critique leader

oppop
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5. Evaluation of complex cvolutions or events may require multiple critiques,

352  Post-Job Reviews

Performance should be reviewed after complction of nonroutine radiological work (work that would trigger the
!c}'cls specificd in Anticle 312,3). Requirements for post-job reviews include documentadon of the following
information; '

-

Specific job performed, including location

Qriginal dosc estimate for completing the job and how it was calculated
Resources required

Precautions tiken .

Names and titles of people performing job

Problems cncountered

Solutions to problems

nreap o
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h, Abnormal occurrences

i.  Time required for job

J. Number of peaple required

k. Individual und towl dose for job

353 Lessons Learned

Lessons learned are available from post-iob reviews and reports of past radiological events on site and at other
facilitics, The rdiation protection organization, in conjunction with line management, should evaluate lessons
leamed, provide prompt distribution, and incorporate the lessons into the Radiation Protection Program, the
radiological training program, related operations, and program documentation, including this manual,
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PART 6 Speclal Applications

This part provides supplemental information to augment the basic requirements of the LANL Radiological Control
Manual, Anticles 361 through 365 provide information to be used in enhancing the LANL Radiation Proiection
Program, Written guidance and requirements contained within DOE documents, consensus standards, or federal
regulations that delineate specifics for cach application are referenced,

Anicles 361 through 363 of this part apply to those facilitics where the majority of the work or operations involve
the subject radionuclide as the significant source term, This part is not intended 1o apply (o facilities that usc the
subject radionuclides in limited or tracer amounts, such as analytical iaboratorics,

361 Plutonium Operations

Exposure to small quantities of plutonium is pereeived to present greater risk than exposure to other radionuclides.
While this is not truc, low levels of plutonium in the body are difficult to measure and biological removal processes
for plutonium arc slow, For these reasons, the following requirements shall be met,

1. Primary cmphasis shall be placed on engineered features 1o contain plutenium and 10 prevent airborne and
surface contamination,

In addition 1o the provisions of the LANL Radiological Control Manual, guidance contained in the document,
*“Health Physics Manual of Good Practices for Plutonium Facilities,” PNL-6534, should be considered for
plutonium operations at LANL. The “Health Physics Manual of Good Practices for Plutonium Facilities”
provides specific guidance related 1o dosimetry, radiological monitoring, instrumentation, contamination
control, and applicuble radiological control procedures,

362  Uranium Operations

Natural, depleted, and lowsenriched uranium are unusual in that their chemical toxicity is more limiting in the
human body than their radioacuvity, Also, processed uranium sometimes contains transuranic and other
radionuclides from recycled matenials,

For these reasons, in addition to the provisions of the LANL Radiological Control Manual, the guidance contained in
the document, “Health Physics Manual of Good Practices for Uranium Facilities,” EG&G-2530, should be
considered for uranium operations at LANL, The “Health Physics Manual of Good Practices for Uranium Facilities”
provides specific guidance related W management controls, radiological monitoring, contamination control, and
internal and external exposure controls,

363 Tritium Operations

The following characteristics of tritium require consideration in the implementation of the LANL Radiation
Protection Program at tritium f{acilitics,

1. Tritium cmits low-encrgy bela particles, which cannot be monitored using external dosimeters, Consequently,
the use of bioussay measurcments is required to evaluale worker dose.

Worker cxposure (o tritium as water vapor results in a much greater dose than exposure to elemental tritium gas,

Normal personnel frisking techniques are inclfective for ritium, Consequently, a high reliance is placed on
worker bioassay and routine coniamination and air-monitoring programs,

Because of its high permeability, tritium is difTicult 1w contain, Special attention should be dirceted to the
sclection of personal protective equipment and clothing,

For the above reasons, guidance contained in the document, *Health Physics Manual of Good Practices at Tritium
Facilitics,” MLM-3719, should be considered for tritium operations at LANL, The *Health Physics Manual of Good
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Practices at Tritium Facilities” provides specific guidance relaied Lo intemal dosimetry, contamination and air
monitoring, tritium containment practices and techniques, and personal protective equipment and clothing selection,

364 Accelerator Operations

Special considerations associnted with aceelerntor facilities include extremely high dose rates, high-energy and
heavy particies, generation ol activation products, and detection and monitonng difficultics associated with pulseds

or high-energy rodiation,

1. Inaddition to the provisions of the LANL Radiological Control Manual, guidance contined in the document,
“Health Physics Manual of Good Practices for Accelerator Facilities,” SLAC-327, should be considered for
accelerator operations st LANL, The “Health Physics Manual of Good Practices for Accelerator Facilities™

_provides specific guidance related W radiological monitoring, dosimetry, shiclding design, use of interlocks, and
procedures and administrative controls,

2. ‘The requirements specified in DOE Order 5480.25, “Safety of Accelerator Facilities,™ must be followed at
aceclerator facilities and should be incorporated into LANL Radiation Protection Program documentation, In
the event of any lexical, semantic, or definitional differences in and between the requirements of this manual
and DOE Order 5480.25, contractors arc delegated the discretionary authority to amalgamate where possible
and evolve radiation safety procedures to locally constitute the best compromise,

3. Safety devices and interlocks shall be opcmﬁonal prior to and during operation of a beam, Operational status
shall be verified by testing,

4, Consideration should be given o the information provided in ANSI N<3,1, “Radiological Safety in the Design
and Operation of Particle Accelerators,” for aceclerator operations at LANL,

365 Radiation-Generating Devices

Special considerations associated with the usc of radiation=gencerating devices include the presence of extremely
Pigh dose rates and the potenuial for uncontrolled exposures, Operation of these devices requires stringent physical
and administrative controls (o prevent overexposure of operating and support personnel and thosc in adjacent work
areas, The fellowing are provisions for applicable types of radiation-generating devices,

1. DOE 5480.4 mandates the use of ANSI N43.3, “Amcrican National Standard for General Radiation Safety for
Installations Using Non-Medical X-Ray and Sealed Gamma-Ray Sources, Encrgies up 1o 10 MeV,” for
operations involving the irradiation of materials,

DOE 5480.4 mandates the use of ANSI N43.2, “Radiation Safety for X-Ray Diffraction and Fluorescence
Analysis Equipment,” for opcrations involving one or more of the following devices,

$2

a. - Analytical diffraction and fluorescence devices
b, Secaled source irradiators used for diffraction studies

3. Line management, in conjunction with ESH-12, shall establish the radiological control requirements for
incidental x-ray devices and indirectly ionizing radiation devices such as electron microscopes, electron beam
welders, flash x-ray generators, experimental/prototype accelerator and radio-frequency structures, high-power
microwave systems/generators, and ficld emission electron beam diodes,

4, Devices for medical use shall be registered with the appropriate regulatory agency, if required, The state of New
Mexico has requested that LANL nol register its medical x-ray devices.

S. Forradiographic devices, the following c-omml requirements apply.

a, Onssite operations with devices containing sealed sources should be conducted in accordance with the
requirements contained in Tite 10 CFR Part 34, “Licenses for Radiography and Radiation Safety
Requirements for Radiographic Operations.” However, the licensing requirements of the part do not apply
-for on-sitc DOE operations,
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b. DOE 5480.4 mandates the use of ANSI N43.3, “Amcrican National Standard for General Radiation Safety
for Inswllations Using Non-Mcdicul X-Ray and Scaled Gamma-Ray Sources, Encrgies up 1o 10 MceV,” for
onssite operations with devices other than sealed sources,

¢. Onssitc operations conducted by off-site contractors shall be approved b\i linc management in coordination
with ESH-] and the ESH-12 source registrar, This process shall ensure the contractor has a valid Nuclear
Regulatory Commission or ugrecment state license and that the operational und emergency procedures are
current and available,

6. Safety devices and interlocks at fixed installations shall be operational prior to and during generation of a

radiation field. Operationul status shall be verified by testing,

7. Inthe event of any lexical, semantic, or definitional differences in and between the radiation sufety procedures

and posting/labeling requirements of this manual and similar requirements contained in the ANSI N43,2 and
N43,3 national consensus x-ray standards, contraciors are delegated the discretionary authority Lo amalgamate
where possible and evolve radintion safety procedures and posting/labeling solutions considered to locally
constitute the best compromise between otherwise conflicling radiation satety and posting/labeling guidance,
Such radiation safety procedures and posting/labeling conflict reselution must be oricnied toward the primary
goal of achicving the greatest procedural and semanuc positive radiation safety impact,
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PART 7 Construction and Restoration Projoects and Activities Involving Energotic Materlals

Construction and restoration projects, including decontamination and decommissioning (D&:D), remedial action, or
other actions involving materials that contain Jow levels of radioactivity, may present special problems and require
site-specific or programsspecific control methods. Health and safety plans are normally developed to specify
controls for all types of restorution programs including the Formerly Ulilized Sites Remedial Action Program
(FUSRAP), Uramium Mill Tailings Remedial Action (UMTRA) projects, other restoration projects, and activities
involving energetic malerials,

371 Requirements

= Radiological operations and work activitics at construction and cnvironmental restoration projects and activities
involving encrgetic materials shall be conducted in accordance with this manual and fagility-specific radiation
rotection programs (sce Appendix 1A). In light of the special nature of these activities, which %'Pimuy involve low
cvels of radicuctivity, the use of heavy construction or earth-moving equipment, and/or the handling of encrgpetic
matcrinls, these projects require some mdiolggi.com considerations different from other activities governed by the
LANL Radiological Control Manual, 1 GYR W3401()
= For the following specific subject areas, the radiological requirements of the LANL Radiological Control Manual
may be modified by the limited application of the pmvisions of Article 113.3, The Radiation Protection Program
manager is authorized to change mandatory “shall” requirements 1o “should” to facilitate implementation of
radiological controls in the following specific subject arcas, The affected line organization has the responsibility 0
document the technical equivalency of aliernative solutions, 10 CFR 3340(e)

1. Performance goals and indicators appropriate 10 remedial activities and activitics involving energetic materials

Personal protective equipment requirements and practices to accommaodate other hazards on the site

Use of respiratory protection during normal conduct of operations duc 1o Lack of engineering controls and the
temporary nature of the work

Use of contamination reduction corridors 1o accommodate the movement of personnel and heavy equipment
- through a varicty of decontamination stations

Methods 1o obtain representative samples for the relecase of equipment and material from work areas

Surveying of malerials released from Soil Contamination Areas that exhibit frequent contamination transfer
propertics

Precedence of state and federally mandated soil cleanup criteria over surface contamination criteria that
otherwisc apply

Monitoring and survey frequency for inactive facilities or large areas that are infrequently occupied

Outdoor storage of uncontained, bulk radicactive materials, such as contaminated soil

10, = Postings of privately owned and adjacent property 10 CFR D5601(ake)

11. Evaluation of outdoor air-monitoring methodologics that take into account dust loading, cnvironmental factors,
and supplemental breathing-zone sampling

12, Criteria for suspension of operations under inclement conditions, such as wind, snow, or ice

372 Environmental Conditions

Inclement weather or other cnvironmental conditions may disrupt radiological controls, 1f this occurs, the following
actions should be considered. ‘
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1. The usc of covers, wind screens, and run-off collection basins to preclude the inadventent spread of mdioactive
materia

2, Provisions for work-sile personnel to assemble and be monitored prior 1o release or continuation of work

3, Evaluaudon of work arcz to determine if a need exists for modified work controls or decontamination

373 Other Workpluce Hazards

Radiological controls should be implemented in a balanced way to ¢nsure that protection from all workplace hazards
can be implemented, Hazards to consider include the following,

1, General construction hazards
2. Confined spaces

3. Flammable matcrials

4. Reactive chemicals

5. Heat stress

6, Chemical exposures

7. Energized electrical equipment
8. Biological hazards

9. Rotating equipment

10, Noisc and vibration

11, Excavations

12, Energetic materials

13, Drilling operations
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Appendix 3A
Checklist for Reducing Occupational Radlation Exposure

Preliminary Planning and Scheduling

Plan in advance,

Delete unnecessary work,

Determine expected radiation, contamination, and airbome radioactivity levels,
Estimate collective dose,

Sequence jobs.

Sehedule work.

Sclect a trained and experienced work foree,

Identify and coordinate resource requirements,

P o

b

PR D W

Preparation of Technical Work Documents

1. Include special radiological control requirements in technical work documents (e.g., SOPs).
2. Perform ALARA presjob review,

3. Plan access (o and exit from the work aren,

4, Provide for service lines (air, welding, ventilation),

S. Provide communication (sometimes includes closed-circuit television).

6. Remove or shicld sources of radiation.

7. Plan for installation of temporary shiclding.

8. Decontaminate or cover arcas with loose contamination,

9. Work in lowest radiation, contamination, and airborne radioactivity levels.
10. Perform as much work as practicable outside radiological areas.

11. State requircments for standard tools,

12. Consider special tools, including robots,

13, State staging requirements for materials, parts, and tools.

14, Incorporate radiological control hold points,

15, Minimize discomfort of workers,

16. Revise estimates of person-rem,

17, Prepare radiological work permits,

Temporary Shielding

1. Design shiclding 10 include stress considerations,

2. Control installation and removal by written procedure.

3. Inspectafier installation,

4, Conduct periodic rdiation surveys,

5. Prevent damage caused by heavy temporary shiclding,

6. Balance radiation exposure received in installation against exposure saved by installation,
7. Shield oavel routes,

8, Shicld components with abnormally high radiation levels carly in the maintenance period.
9. Shield position o¢cupied by worker,

10. Perform directional surveys to improve design of shiclding by locating source of radiation,
11, Use mock-ups to plan temporary shiclding design and installation,

12, Consider use of water-filled shiclding.
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13. Consider worker safety and industrial hygicne issues when working with lead,

Rehearsing and Briefing

1. Rechearse

2. Use mock-ups duplicating working conditions
3. Use photographs and videolapes

4, Supervisors conduct bricfings of workers

Performing Work

Comply with technical work documents and radiological work permits
Post radiation levels

Keep unnecessary personne! out of radiation arcas

Minimize radiation cxposure

Supervisors and workers keep track of rudiation exposure
Workers assist in radiation and radioactivity measurements
Delegate radiological control monitoring responsibilities
Evaluate use of fewer workers

Reevaluate reducing radiation exposures and intemal exposures
10 Compare actual collective dose against pre-job ¢stimate

11, Review work practices to see if changes will reduce dose

12, Coordinate personnel at the job site 10 reduce nonproductive Lime

.

-
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1!

Appendlx 3B
Physical Access Controls for High and Very High Radlation Areas

= One or more of the following features should be used for cach entrance or sceess point to a High Radiation
Arca and shall be used for each entrance or aceess point to u High Rudiation Arex where mdintion levels exist
such that a person could exceed a whole-body dose of 1000 mrem in any 1 hr, 1¢ CFRA3SS81(c), 3€2)

a,
b
¢
d.
e

r.

w A control device that prevents entry to the area when high radiation levels exist or that “Eﬁ" cw causes
the radiation level 1o be reduced below that level defining a High Radiation Area 19 CFR (o M2w)

= A device that functions automatically to prevent use or operation of the radintion source or field while
personnel arc in the area 19 PRSI, S60)

= A control device that energizes a conspicuous visible or audible alarm signal so that the person enterin
the High Radiation Area and the supervisor of the activity arc made aware of the entry 10 CFR B5.81(c), Se2a
= Entry ways that are locked, except during periods when access (o the area is required, with positive
control aver each entry 16 CFR B3sel(c), @)

= Continuous direct or electronic surveillance, that is capable of detecting and preventing unauthorized'

= A control device that automatically generates audible and visual alarm signals o alert personnel in the
arca before use or operation of the radiation source and in sufficient ime to permit evacuation of the aren oe
activation of a secondary control device that will prevent use or operation of the source 1® CFR 835M1(¢), 382(a)

= In addition to the above requirements, additional measures shall be implemented (o ensure personnel are not
able to gain access 1o Very High Radiation Areas when dose rates are in excess of the posting requirements for
Very High Radiation Areas specified in Table 2-3, 10 CFR R5501®X¢), SR(H)

= Physical access controls over High and Very High Radiation Arcas shall be established in such a way that
they do not prevent a person from leaving the arca, 19 CFR BS381{c)(e), $02(c)
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Appendix 3C
Personnel Contamination Contro! Practices

Selection of Protective Clotking (PC)

1,

]
ey

3

Waorkers should inspect protective clothing prior to use for tears, holes, or split seams that would diminish
protection. Any defective items should be replaced with intact protective clothing,

Protective clothing as prescribed by the radiological work permit should be selected based on the contamination
level in the work area, the anticipated work activity, worker health considerations, and regard for
nonradiologicul hazards that may be present. Table 3-1 pravides general guidelines for selection. As referenced
in the table, a full sct and double set of protective clothing typically includes the following,

Full Set of PCs

a, Covenalls

b. Coton glove liners (optional)

¢. Gloves (specify type: latex, natural rubber, eic.) (if liners not worn another pair of gloves must be wom)
d. Shoc covers :

¢. Rubberovershoes

f. Hood

Double Set of PCs

8, Two puirs of coveralls

b. Couon glove liners (optional)

¢. Two pairs of gloves (specify type: latex, natural rubber, etc,)
d. Two pairs of shoe covers

¢. Rubber overshoes

f. Hood

Couon glove liners may be womn inside standard gloves for comfort but should not be womn alone or considered
as a layer of protection,

Shoe covers and gloves should be sulficienuy durable for the intended usc., Leather or canvas work gloves
should be worn in lieu of or in addition to standard gloves for work activitics requiring additional strength or
abrasion resistance. As appropriaie, it is required that leather or canvas work gloves be monitored for possible
contamination build-up when handling unclad uranium items such as castings and crucibles used for melting
uranium,

Use of hard hats, safety shoes, and safety glasses in Contamination Arcas should be controliced by the
rudiological work permit, Hard hats designated for usc in such arcas should be distinctly colored or marked.

Shoc covers und gloves should be secured or taped at the coverall egs and sleeves when necessary 1o prevent
worker contamination, Tape should be tabbed 1o permit casy removal, Only masking tape is acceptable,

Supplemental pocket or electronic dosimeters should be worn outside the protective clathing in a manner
accessible 10 the worker, Workers should proicet such dosimeters from contamination by placing them in an
outer coverall pocket or in plastic bags or pouches.

Outer pcrsopzil clothing or personal underwear should not be womn under protective clothing for entry to High
Conwmination Arcas or during work conditions requiring a double sct of protective cloting,
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Table 3.1 Guidelines for Selecting Protective Clothing®

" PROTECTIVE CLOTHING | |

LOW REMOVABLE MODERATE REMOVABLE
CONTAMINATION LEVELS CONTAMINATION LEVELS HIGH REMOVABLE
(1 t0 10 imes Table 22 (1010100 Umes Tabie 2+2 | CONTAMINATION LEVELS
WORK ACTIVITY?® values) values) (»100 tlmles Tgue 22
| vaiues

Routine Full sct of protective Full set of protective Full set of protective
) clothing clothing clothing, double gloves,
double shoe covers?

Heavy work Full sct of protective Double set of protcctive Double set of protective
clothing, work gloves clothing, work gloves clothing, work gloves?

Work with Full sct of impermeable Doubic set of protective Double set of protective

pressurized or large | protective clothing clothing (outer set clothing and impermeable

volume liquids, :mchacanc). rubber outer Eloxhing. rubber

boots boots'

closed sysiem
brcachgy‘ t
-

s ‘Tritlum may require different protection.

b Torhandisoff toun or intpections in aroas with removable contamination at levels 1 to 10 Umas the values in Tabla 242, lab couts, shoe
covers, and gloves may ba used insicad of full protective clothing,

€ Sea Anicle 347 for minimum protective clothing requirements for work on bench 1ops and in fume hoods, sample stations, opensfront
hoxez, and glove boaes,

d,  Ormote if spocifiod by the radiological work permiL

Removal of Protective Clothing

Potentially contaminated protective clothing should be removed without spreading contamination and in particular
without contaminating the skin. Workers should be instructed not 1o touch the skin or place anything in the mouth
during protective clothing removal, Instructions for protective clothing removal comparable to the sequence
presented below should be posted adjacent to the siep-off pad in accordance with Article 325.6.

Sequence for Removing a Full Set of Protective Clothing at the Step-Off Pad

Always cnsure that 4 radiological control technician is present to provide exit monitoring and other assistance during
exit from the area, The radiological control technician is stationed in the step-ofT pad arca, wearing a level of
protective clothing and respiratory protection appropriate for the contamination expected,

Before stepping out of the Contamination Area or Airborne Radioactivity Area to the step-off pad, the worker
should perform the following:

1. Remove all exposed tape using tabs. '
2. Remove rubber overshoes or ouler shoe covers,
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3. Remove hood from front (o rear while turning inside out, Avoid touching outer hood surfaces. Alternately,
using safety scissors, cut the botiom front of the hood below the fage opening and remove the hood from front
1o rear being careful not to touch outer hood surfaces.

Remove respirator, if applicable (cxcreise care 1o avoid contaminating the facinl arca when performing this
step).

Remove outer pair of gloves,

Remove dosimeter, pass 1o radiological conurol iechnician who will monilor it, and place it in a ¢lean location,
Remove coveralls, inside out, touching inside only,

Take down barrier closure, if applicable.

. Remove wpe or fasiener from inner shoe cover,

10. Remove cach shog cover, placing shoe onto clean step-off pad.

11. Replace barrier closure, if applicable,

12. Remove cloth glove liners or other inner pair of gloves,

13. Commence whole-body frisking,

14, Take a nose swipe if specificd by radiological work permik

Py

Vo ahvtn &©

The sequence for removal of supplemental dosimetry is dependent upon where the dosimetry was wom and the
potential for conamination,

Sequence for Removing a Double Set of Protective Clothing using Two Step-0Qff Pads

Always cnsure that a radiological control technician is present (o provide exit monitoring and other assistance during
exit from the area, The rudiological control technician is stationed in the step-ofTf pad area, wearing a level of
protective clothing and respiratory protection appropriale for the contamination expected,

Before siepping 10 the inner sicp-off pad, the worker should perform the following,

1. Remove all exposed tape using Labs,

2, Remove rubber overshoes or ouler shoc covers,

3. Remove hood from {ront to rear while tumning inside out, Avoid touching outer hood surfaces, Alicmaiely,
using safety scissors, cut the bottom front of the hood below the face opening and remove the hood from front
to rear being careful not o ouch outer hood surfaces,

4, Remove outer pair of gloves,

5. Remove outer coverall, inside out, touching inside only, Warking across the control line, the radiological
control technician may carefully assist in this step.

6. Remove tape from inner coverall and sleeves,

7. Remove inner barricr closure, if applicable,

8. Rcmove cach outer shoc cover, siepping on inner step-off pad as each is removed.

Before stepping to the outer step-off pad, the worker should perform the following,

9, Replace inner barrier closure, if applicable,

10, Have the radiclogical conurol iechnician monitor hands and bottom of shoe covers to ascertain degree of any
contamination,

11, Have radiclogical control technician monitor respirutor, head, neck, and shoulders, 1f no contamination is
detected, remove respiratory protection, If contamination is detected, decontaminale or cover with 1ape prior o
respirator removal,

12, Removce next layer of gloves,

13, Remove dosimeter, pass to radiological control technician who will monitor it, and place it in a clean location,

14, Remove inner coveralls, inside out, touching inside only,

15, Take down barrier closure, if applicable,

16, Remove tape or fasiener from inner shoe cover.

17, Remove cach inner shoe cover, placing shoe onto ¢lean step-off pad.

18, Replace barrier closure, if applicable,

19. Remove cloth glove liners or other inner pair of gloves,

20, Commence wholesbody {risking,

21, Take a nose swipe.
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The sequence for removal of supplemental dosimetry is dependent upon where the dosimetry was wom and the
potential for contamination.

Use of Multiple Step-Qff Pads

1. Multiple step-off pads should be used 10 control exits from High Contamination Areas, These pads define
interim contol measures within the posted area to limit the spread of contamination. The following controls

apply.

a. ‘The inner step-off pad should be located immediately outside the highly contaminated work arca but sl
within the posted area.

b.  The worker should remove highly contaminated outer clothing prior to stepping on the inner step-off pad,

, € Additional secondary step-off pads, still within the posted area, may be used as necessary 1o restrict the

spread of contamination out of the immediate area,

d. ‘The final or outer step-off pad should be located immediately outside the Contamination Area.

¢. Respirators are not to be removed at the inner step-off pad but at the second step-off pad or further away
from the Contamination Area,
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Appendix 3D
Guldelines for Monlitoring Personnel with Hand-Held Survey Instruments®

(NS MRS ¥T 5% Ny Kp 1Y § RN TR T

General Requirements

1, Verify that the instrument is in service, response-check the insrument, set it to the proper scale, and set the
audio output so it Zan be heard duning frisking,

[
Hold probe Jess than 0.5 inches from surfuce being surveyed for beta and gamma contamination and less than
025 inches for alpha contamination,

Move probe slowly over surface, less than 1.5 10 2 inches per sccond, depending on the size of the probe.

If the count ratc increasces above background during frisking, puuse for 5 w0 10 seconds over the area 1o provide
adequate time for insument response,

1f the count rate increases (o a value greater than the pre-cstablished contamination limit (minus background) or
the instrument alarms, remain in the area and notify ESH-1 personnel,

‘The whole-body (risk should take at least 2 to 3 minutes for each type of contaminant,

Performance of Monltoring
1, Frisk the hands before picking up the probe,
2. Perform the frisk in the {ollowing order,

a. Head (pause at mouth and nose for approximately § sec)
b, Neck and shoulders

¢. Arms (pausc at each clbow)

d. Chestand abdomen

¢, Back, hips, and seat of pants

f.  Legs (pausc at each knee)

g, Shoc wops (pause at back of leg culf)

h. Shoc boltoms (pause at sole and heel)

i.  Personncl and suppiemental dosimeters

Jj. Frisk other personal items carried by worker, such as notcbooks, pens, keys, cie.

Return the probe 1o its holder and Ieave the arca, The probe should be placed on the side or face up to allow the
next person 1o monitor his or her hands before handling the probe.

*Comparable instructions to those presented here should be posied adjacent 10 monitoring instruments in accordance
with Article 338.8.
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PART 1 Rudioactive Material Identification, Storage, und Control

Radioactive material and radioactive sources are defined in this manua! aceording o the use of the terms,

1.

For the purposes of this manua), radioactive material includes any material, cquipment, or system component
determined to be contaminated or suspected of being contaminated, Jiems located in known or suspected
Contamination, High Contamination, or Airborne Radioactivity Areas and having the potential to become
contaminated are considered radioactive material, Radioactve material also includes activated material, scaled
and unsealed sources, and any other materials that emit ionizing radiation,

For purposes of trunsportition in accordance with Department of Transportation (DOT) requirements,
radicactive material is defined as those materials having a specific activity greater than 0,002 uCi/g.

For source control purposes, a radioactive source is a radioactive material encapsulated or bonded strongly
cnough to prevent Joss and dispersal of the radioactive material under the conditions of use and wear for which
the capsule or bond was designed. The emissions of the source are typically iniended for continued or repetitive
usce as a source of test mdiation.

1n sccordance with DOE N5400.9, “Senled Radioactive Source Accountability,” a sealed rmdioactive souree is
radicactive material that is contiined in a sealed capsule, scaled between layers of nonradioactive material, or
firmly fixed to a nonradioactive surface by electroplating or other means, Controls for these types of sources are
described in Article 431,

411 Requirements

1.

= Jtems in Contamination, High Contamination, Airbome Radiosctivily Areas, or areas with tie potential for
activation shall be considered contaminated until surveyed and releascd, 10 €FR BLOOMER) Any cquipment or
sysiem component removed from a process that may have had contact with radioactive material should be
considered contaminated until disassembled to the extent required to perform an adequate survey, surveyed, and
shown to be frec of contamination, These survey and release requirements do not apply o Airbomne
Radioactivity Areas where only gascous, shortelived (half-lifc of 1 hr or less) activation producls arc present,

= Except for sealed and unsealed sources, rdioactive material located within Contamination, Hi(?'h
Contamination, or Airborne Radioactivity Arcas does not require specific labeling or packaging, 10 CFR 03.01(a)

Radioactive material may be capable of gencrating a High Radiation Area, These areas shall have special
controls in accordance with Arucle 334,

The radiation protection organization shall develop response requirements associated with a loss of radicactive
material, including scarches, internal investigations, and documeniation, Jt is required that the responsible line
organization must notify the radiation protection organization and Emcrgency Management and Response
(EM&R) Group in Facilitics, Security and Safeguards (FSS) Division in the cvent of a loss of radioacuive
material, Notification and reporting requirements are specificd in Administrative Requirement (AR) 1.1,
"Accident and Occurrence Reporting,™ The loss of special nuclear materials must be reported 1o FSS Division,
as appropriate, in accordance with their requirements, The Health Physics Operations Group (ESH.1) and the
Policy and Program Analysis Group (ESH-12) will evaluate risks o determine the level of effort appropriate o
tocate lost sources, and, commensurate with the level of risk, will search for lost sources, document the incident,
and coordinate with DOE Order 5000,3B responders for reporting purposes and safeguards, as appropriale,
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412 Radioactive Materinl Labeling

1. = Radioactive matcrial outside Contamination, High Contamination, or Airborne Radioactivity Areas shall be
labeled by the responsible line organization éwim assistance from the radiation protection organization if
necessary) in accordance with Table d-1, 19CFR 05.6010)

= Table 4-1 Labeling Requirements for Radioactive Material

ﬂ ITEMMATERIAL REQUIRED LABELING
P s
Equipment, components, and other items that are CAUTION: RADIOACTIVE MATERIAL and
radioactive, potentially radioactive, or have been standard radiation symbol
exposed to radioactive contamination or activation
sources
Sealed and unscaled radicactive sources or associated | CAUTION: RADIQACTIVE MATERIAL and
storage containers standard radiation symbol
Equipment, components, and other items with actual or | CAUTION: INTERNAL CONTAMINATION and
potential internal contamination standard radiation symbol or CAUTION:
POTENTIAL "AL CONTAMINATION and
standard rudiation symbol
Componcents, equipment, or other items with fixed CAUTION: FIXED CONTAMINATION and
contamination standard radiation symbol 1® CFR 835.601(a)

2. = The following are not subject 10 Article 412 labeling requirements,

a. Items surveyed and determined to have contamination levels lower than Table 2.2 values if surface
contamination is the only radiological hazard
b. Rndiloa_cr.ivc material or containers packaged and labeled for off-site shipment in accordance with DOT
regulations
c. Personal protective equipment and clothing (laundry bags containing contaminated or potentially [
contaminated protective clothing must be appropriately labeled)
d. Radiological control samples such as air, process, and soil samples; smears; or swipes that are in the
custody of radiation protection organization personnel or personnel properly trained in the handling,
packaging, and tansport of these samples
¢. Equipment or installed system components undergoing maintznance covered by a radiological work permit
{.  Poruble toals and equipment with fixed contamination permanently marked with yellow or magenta and
maintained in a contaminaled tool crib or stornge and distribution area
g }lgsgzlmgdssystcm components located within an area, the entrance 1o which is posted in accordance with
able 2-
h. Nuclear weapon components
i, = Historica! items, such as uranium hexafluoride cylinders and large items used in demonstration projects,
located within 3 location designaicd for the storage of radioactive material (such items shall be proPcrlv
lgsbfllgﬂcgcn they are removed from a location designated for the storage of radiosctive material) 10K
Jj»  Shortelived (halfslife of 1 hour or less) radioactive material generated during an irradiation (i.e., rescarch
samples while an experiment is being conducted, ¢ic.) that is immediately used
k. Beakers or other containers of radioactive material being used in such areas as hoods, glove boxes, and
bench tops if the recepincles are otherwise appropriately labeled (for example, radicactive maierial label
wpe). (See Article 412.4, second senience, for requirements regarding these items) 10 CFR £35483()

4-2
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1.

5

= Labels shalf have a vellow backfround with a magenta or black standard radiation symbol, Lettering shall be
magenta or black, Black is the preferm

cd color at LANL, especially for exterior usc where fading is a concern,
10 CTR R34,603(0)

= Labels should include contact radiation levels, removable surface contamination levels (specified as alpha or
beta-gamma), dates surveyed, surveyor's name, and descriplion of items, as appropriate, Jiems that are (oo small
10 be labeled with all of the stawed information should be labeled, ot o minimum, with the words “CAUTION
RADIOACTIVE MATERIAL" and the standard radiation symbo),1® CFR R35491(a)

;ml%\scd rudioactive material should have the label visible through the package or affixed to the outside,

#01(n)

Radiouctive Material Packaping
= Items that are outside Contamination, High Contamination, or Airborne Radioactivity Areas and are
confirmed or suspecied of having removable radioactive contamination levels greater than Table 2-2 values
shall be securely wrapped in plastic or placed in a container, 1# CFRRILIT01M)

Items with sharp edges or projections should be aped or additionally protected to ensure package integrity,

ltiems with removable or potentially removable contamination levels in excess of 100 imes Table 2-2 values
should have additional packaging controls such as double-wrapping or use of plastic bags inside containers,

Yellow plastic wrapping material should be used for packaging radicactive malerial, Tronsparent malerial is
preferred. Ycllow plasuc sheets or bags should not be used for nonradiological purposes,

The amount of combustible material used in packaging should be minimized,

414 Rudiouctive Material Storage

Radioactive material should be stored in a location designated for the storage of radioactive material,
Long-term (more than 60 days) storage of radioactive material should be in a specially designated location,
Decontamination or disposal of contaminated items is the preferred aliemative 1o long-term storage.

Each location designated for the storage of radioactive material should be approved by the Radiation Protection
Program manager or designes,

A custodian should be assigned responsibility for each location designated for the siorage of radioactive
materiial, A custodian may have responsibility for more than one storage area,

The custodian should conduct periodic walk-throughs of locations designated for the storage of radioactive
materinl to check contiiner inlegrity,

The custodian should conduct annual or more frequent reviews of each location designated for the storage of
radicactive malerial, with emphasis on decontamination, movement of material to long-ierm storage locations,
and disposal of unnecessary material,

Storage of nonradioactive material in a location designatzd for the storage of radicactive material is
discouraged,

Outdoor storage of radioactive material is discouraged, In cascs where outdoor storage is necessary, the
intcgrity of containers shall be maintained to prevent degradation from weathering and subsequent release of
radioactive material, The custodian should check container integrity monthly at outdoor locations designated for
the storage of rudioactive material,
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10. Rodicactive material should be stored in a manner thot reduces the amount of combustibles, The use of
cardboard containers for storage is discouraged.

11, Flammable or combustible material should not be stored adjacent to locations designated for the storuge of
radiooctive material,

12. Fire protoction measures such as smoke detectors, water sprinklers, and fire extinguishers should be considered
when establishing a location designated for the storage of mdioactive material,
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PART 2 Releasing ltems and Transporting Radioactive Material

421 Releasing to Controlled Areas

1. Iiems in Contamination, High Contamination, or Airborne Radioacu'vi?_/ Arcas and those radiation arcas with
activation or activation potential shall be surveyed by trained and qualificd personnel before release,
= Unpackaged radioactive material to be released to Controlled Arcas shall be demonstrated to have
contamination levels less than Table 2.2 values, 19 CRRUSAINMA Tiamg 10 be released 10 uncontolled arens
shall be surveyed in accordance with Article 422,

2, = Material with fixed contamination levels that exceed the total contamination limits specified in Table 2-2 and
that have removable contimination less than Table 2.2 limils may be released for use in controlled arcas outside
the radiological arcas, 14 CFR R5401), 1101®)(XDR) w These items shall be routinely monitored and controlled in
accordance with administrative procedurcs, 79 €FX 8344010}, 1918) w Controls shall be established o ensure that
no unmonitored individual is likely to exceed a dose cquivalent that would require monitoring in accordance
with Article 511 or §a1 10 CrRE33491 ()

3. = Radioactive matcrial with removable contamination levels greater than Table 2.2 values shall be packaged
before release to Controlled Areas, 19 CYRS11010) m These items shall be routinely monitored and controlled in
accordance with administrative procedures, 10 CFR83431010) Conrols shall be established to ensure that no
unmcinigorcd i%cgridual is likely to exceed a dose equivalent that would require monitoring in accordance with
Articlz §11 or 521,

4, Material not immediatcly removed from Contamination, High Contamination, or Airborne Radioactivity Arcas
after being surveyed shall be controlled to prevent contamination while it awaits release,

S. = Records for release of surveyed materials shall deseribe the property, date of last survey, identity of the

person who performed the survey, type and identification number of the survey instruments used, and survey
rcsu]LS. leC 135,703{(c), 1101(d)

6, Materials released 10 Controlled Arcas shall be labeled in accordance with Article 412,

422  Releasing to Uncontrolled Areas

1. Material in Controlled Arcas or locations designated for the storage of radicactive material, documented 1o have
becn released from Contamination, High Contamination, or Airborne Radioactivity Arcas, shall be surveyed by
traincd and qualified personnel before it is released to uncontrolled areas, This requirement also applics (o the
rclease of items dirccly from rudiological arcas and radiological buffer arcas where there exists contamination,
airbomc radioactivity, or activation or where there exists a reasonable potential for these conditions,

2. DOE 5400,5 deseribes radiological criteria for releasing material to uncontrolied arcas, Material being released
shall also be cvaluated for internal contamination and contamination under any coatings. LANL's goal is that no
items having levels of measurable contamination above latural background (using approved survey and
interpretation techniques) will be knowingly relcased off-site, for use by the public, even at levels below these
of Table 2-2, Exceptions 1o this goal must be as Jow us reasonably achievable {ALARA) und approved by the
ESH-} group lcader or designee.

3. DOE 5400.5 describes criteria for releasing radicactive matcrial that has been contaminaied in depth or volume,
such as activated material or smelied contaminated material,

4, Material not immediately releascd after survey shall be controlled to prevent contamination while it awaits
release,

S. Radiological labeling shall be removed from material or defaced before the maerial is released for unrestricted
uwl
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423 Transporting Radioactive Material

1.

7l

8

10.

1L

49 CFR 170 through 180 describe requirements for inspecting and surveying packages, containers, and transport
conveyances before off-site transport. The 49 CFR 173 contamination values shall be used as controlling limits
for ofl-site shipments transported by non-DOE conveyances. These limits also apply to onssite transfers of
shipments by non-DOE conveyances recgived from or destined for of(site locauons.

Table 2-2 removable contamination values as measured on packages, contdiners, and transport conveyances
shall be used as controlling limits for on-site ransport over nonpublic thoroughfares (e.g.. Pajarito Rood when
closed o the public), When a shipment is received from an ofl-site destinntion by a non-DOE conveyanee, the
49 CFR contamination values shall be used when transfers are made in a DOE conveyance from the onesite
receiving Jocation to the ultimaie onssite destination,

On-=site transfers over nonpublic thoroughfares shall be performed in accordance with written procedures using
approved routcs. = The procedures shall include requirements 1o ensure appropriate monitori,r:f and control of
the radioactive material and should be approved by the madiation protection organization, 3® CFR DS1010) Qn.gite
transfers must be documented with a Hazardous Materials Transfer Form, filled out by the line organization.
These requirements do not apply 0 transfers between buildings within a technical ared if the public cannot
normally access the technical area because of access controls (e.g., TA-18, TA-53, and TA-55). If an empty
container is transported on-site, an Empty Radioactive Materinls Packnging Tag must be affixed o the
container,

= Transfers over public thoroughfares (c.g., Pajarito Road when not closed to the public) shall be performed in
accordance with this manual; DOT regulations; other federal, state, and local shipping requirements; and
nppmved ammcnm‘ 10 CFR RS20

Off-sitc shipments of radicactive material, including subcontractors® handling of off-site shipments, shall be
conul'ol'led and conducted in accordance with this manual; DOT regulations: and other federal, state, and local
regulations.

Before shipment and upon receipt of a radioactive shipment, a visual inspection of packages should be
performed by the line organization to cnsure that packages are not damaged. The inspection should identify
dents, flaking paint, debns, package orientation, and any indication of Jcakage.

Before shipment and upon receipt of a radioactive shipment, a comparison of package count to the shipping
manifest should be made by the line organization and the Business Management (BUS) Division to ensure

accountability,

Transport conveyances should be visually inspected by the line erganization before loading to ensure
acceptability for the intended use,

Transport conveyances should be radiologically surveyed by traincd and qualified personnel before loading,
especially when commergial carriers specializing in radiocactive transport are being used.

If the transport of mdioactive material by non-DOE motor vehicles is to be “exclusive usc,” the “exclusive use”

transport must be carricd out in accordance with the regulations in 49 CFR, Pants 100-178 and 383-397.

The site emergency plan should describe appropriate responses for potential onesite radioactive material
transportation aceidents.

Drivers of non-DOE motdr vehicles should have a copy of their emergency response plan or the emergen
responsc information required by 49 CFR 172,600 dun’r’zg on-site or offssitc Tansport, “
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PART 3 Radloactive Source Controls

431 Rudiouctive Source Controls
‘The following provisions apply w sealed and unscaled radicactive sources.

1. DOE N5400.9 (cxtended by DOE N5400.10) describes how accountable scaled sources (i.c., not exempted)
shall be controlled and maintained, and it specifics requirements for receipt, inventory, storage, transfer,
disposal, and integrity testing,

a.  An accountable scaled source is a sealed source with an activity equal to or greater than those values listed
in Table 1 of DOE NS400.9.

AT e DD

Excmpted radioactive materials are radioactive materials exempted from accountability under the
requirements of DOE N5400,9 but otherwise subject to the requirements of the LANL Radiological Control
Manual and 10 CFR 835, Exempled radioactive materials include materials in process, uctivated shielding
materials, and liquid and gaseous sources, Materials defined as consumer products (¢.g., exit signs, smoke
detectors, welding rods) are not subject 1o the requirements of the LANL Radiological Contral Manual and

10 CFR 835.

An excmpted sealed radionctive source is o scaled source with a halfulife of less than 30 days or with an
activity less than the values for various radionuclides in Table 1 of DOE N5400.9,

Unscaled sources with accountable activities shall be controlicd and maintained in a similar manner, except
they do not require integrity Lesting,

Radioactive sources shall be procured through the Business Management (BUS) Division, Procurement of
registrable radioactive sources shall be coordinnted with the ESH-12 souree registrar,

’Ih‘hc source custodian shall perform or arrunge 10 have performed receipt surveys of radioactive material
shipments,

Radioactive sources, including radiography sources, shall not be brought on-site by external organizations
without written approval from the ESH-12 source registrar,
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PART 4 Managing Solld Radloactive Waste

44l Requirements
1. DOE 5820.2A describes how solid radionctive waste is treated, packaged, siored, transported, and disposed of.

2. Rodiological operations generating radioactive waste should be designed and developed to promote
minimization and to permit segregation, monitoring, treatment, storage, and disposal.

Radioactive wasie minimization goals and practices should be developed and implemented by line management.

Director®s Policy DP10S, “Hazardous and Radicactive Waste Management,” and AR 10-8, “Waste
Minimization,” describe the program managed by the Environment, Safety, and Health (ESH) Division and the
Chemical Science and Technology (CST) Division and implemented by the line organizations who are the
waste generators.

CST Division manages the Laboratory's waste management peograms as described in AR 10«1 through 10-9
and the Radicactive Matcrial Management Area (R ) Program Plan, Waste generators are responsible for
the proper management and disposal of their wastes according 10 the requirements in these documents,

Solid wastes are ¢lassified as commercial, radioactive, hazardous, and mixed and must be segregated, handled,
and disposed of accordingly. Safe operating procedures (SOPs) that describe “knowledge of process,” analytical
measurements, and the rationale for proper segregation and management of these wasties shall be developed and
implemented. Commercial solid wastes shall be sent to the county landfill, Radioactive, hazardous, and mixed
wastes shall be sent 1o disposal facilities at TA-54.

Locations where a reasonable potential exists for the presence of radioactive contamination or activation shull
be designated as RMMAs, Typically these locations coincide with areas already controlied for radiological
pupoms. '

Opened radioactive waste containers should not be tamped of compacted becausc these actions may spread
contamination or release airborne radioactivity.

442  Waste Minimization

A radioactive waste minimization program shall be in effect 1o reduce the generation of radioactive waste and spread
of rdicactive material from Contamination, High Contamination, or Airborne Radioactivity Areas, The following
practices should be instituted Lo support waste minimization,

1. Restrict materinl entering Controlled Arcas estublished for contamination control, Radiological Buffer Areas
established for contamination control, Contamination Areas, High Contamination Areas, and Airborne
Radioactivity Arcas to that needed for performance of work, Iiems should be unpackaged before they are taken
into these areas, if possible,

Restrict quantities of hazardous materials (such as paints, solvents, chemicals, cleaners, and fuels) entering
Controlled Arcas established for contamination control, Radiological Buffer Arens established for
contamination control, Contamination Areas, High Coatamination Areas, and Airborne Radioactivity Areas,
and wke measures (© prevent inadvertent radioactive contamination of these materials,

Substitute recycluble items for disposable oncs and reuse cquipment when practical, Substitute nonhazardous
materials for hazardous materials whenever possible,

Select consumable materials such as protective coverings and clothing that are compatible with waste-
processing systems, volume reduction, and wasle form acceptance criteria,
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5, Rescrve an assoruncnt of tools exclusively for use in Contamination, High Contiminadon, or Airborne

5.

10

Radioactivity Arcas. Tools should be maintained in a designated storage or distribution area or a contaminated
tool erid, Controls should be established for 100! issuance and use.

Survey potentinlly contaminated material from Radiological Buffer Arcas o separale uncontaminated material
from contaminated materials,

Scgregate known uncontaminated waste from potentially contaminated waste,
Scgregate reusable items, such as proteetive clothing, respirators, and tools, at the step-off pad.
Minimize the number and size of locations designated for the stornge of radioactive materials,

Emphasize training in waste reduction philosophics, techniques, and improved methods,

443 Mixed Waste

The requirements specified in the Resource Conservation and Recovery Act (RCRA) and the New Mexico
Hazardous Wasle Management Regulations apply 10 waste that containg both mdicactive and hazardous materials.
These regulations and how they apply to LANL with oversight by CST Division are discussed in detail in AR 10-3,
“Chemical, Hazardous, and Mixed Waste.” The {ollowing apply 1o mixed waste,

1.

2.

DOE 5400.3 and 5820.2A describe controls for mixed waste,

DOE 5400.1, “General Environmental Protection Program,” DOE 5400.3, DOE 5820.2A, AR 10-8, and Article
442 describe how mixed wasle generation should be minimized.

Technical and administrative controls should be cstablished 1o minimize the volume of mixed waste gencrated
and the amount of radioactivity in such waste, Volume reduction methods include process optimization,
materials substitution, and new echnology development,

Materials suspected of being mixed waste should be identificd and segregated s soon as practical in the
generaling process 10 avoid combining mixed waste with other waste forms,

The most stringent regulatory requirements for the types of waste present should be applicd to waste
classification and disposal,

4-9
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PART § Controlling Radioactive Liqulds and Alrborne Radioactivity

451 Minimizing and Controlling Radioactive Liquid Wastes

1. DOE 5820.2A provides criteria for minimizing the generation of radioactive liquid waste, Minimization should
include evaluaung operational requirements 1o reduce liquid usage and maximize recycling activities,

2. A water management program should be maintained to identify, trend, and eliminale unnecessary sources of
mdz'oacuvcl liquid waste and liquid mixed waste, This program should include aggressive measures to identify
and tepair lcaks.

The LANL National Pollutant Discharge Elimination System (NPDES) program in the Water Quality and
Hydrologi\;Group (ESH-18) determines the effects of effluents and supports the line organizations in managing
the outfalls for compliance with the NPDES permit,

3. Actvitics that produce radioactive liquid waste should be suspended unless sufficient processing, collection,
and storage capacity is available 10 accommodate the waste,

4, DOE 5400.5 specifies radioactive liquid waste discharge requirements,

S. Radioactive liquid waste discharges should be controlled on a batch basis o enhance monitoring capability and
10 reduce the potential for inadverient release.

6. Radioactive liquid waste discharges should be analyzed before release and monitored during release, and the
release should be terminated before excecding predesermined limits,

7. Radionctive liquid waste that cannot be discharged shall be solidified and disposed of as solid radicactive waste,

452 Controlling Radioactive Drains

?ﬂndioactjve drain systems are designed Lo transport radioactive liquids, Improper use may cause an environmental
¢nsc,

1. Radioactive drain systems should not discharge directly to the environment nor be used {or the disposal of
nonradioactive materials.

2. 'The Rodioactive and Industrial Waste Water Science Group (CST-13) and line organizations should ensure that
the following take place.

a. ‘The existing radiouctive drain piping configuration is documented,

b. Flow-indicating devices have been installed in lines intended for draining off leaks,
¢. Plugs are in place 1o prevent nonradioactive input,

d. Aliermative work controls are considered before sysiems are drained for maintenanee,
¢, Controls that prohibit unauthorized use of drains are in place,

3. Modifications to the design or operation of existing radiouctive drain sysiems should be controlied by CST-13, I
LANL Configuration Control, and the radiation protcction organization and include the following,

a. Design considerations that prevent nonradioactive drain conneclions into radicactive drains

b. Procedural and design controls Lo prevent ¢ross-connections of radiouctive drains with nonradioactive
systems and potable water supplies

¢. Management review of subsequent changes 1o the design of radioactive drain systems or radicactive drain
controls

d. Management controls to restrict the introduction of hazardous wastes into radioactive drain systems

4-10
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453 Controlling Airborne Radioactivity

1L

&

Processes and activitics with the potential for producing airborne radioactivity shall include engineering
controls 1o )imit relcases whenever appropriale, The requircments of 40 CFR 61 shall be included in the
cvaluation, Fucility design is reviewed for engineering controls by ESH-12, Thesc designs are also reviewed by
the Air Quality Group (ESH-17) when 40 CFR 61 regulatory issues arise.

ESH-1 shall be notificd when engincering controls that prevent worker exposure to airborne radioactivity, such
as barricrs, glove boxes, and glove bags, arc compromised, An evaluation should be made of continuing
operations with compromised engincering controls, Using respiralory protection 1o conuinue activities under
these conditions is discouraged. Implementing engineering modifications that provide a commensuraie level of
worker protegtion is the preferred aliernative,

Preventive maintenance and surveitlance procedures shall be established in the technical work documents to
cnsure that cquipment controls are maintined in an operable condsuion for containing airbome radicactivity,
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PART 6 Supporn Activities

451 Personal Protective Equipment und Clothing

1. Protective ¢clothing designaied for radiological control use shall be specifically identified by color, symbol, or
appropriate labeling,

Proteetive clothing designated for radiological control use shall not be used for nonradiological work.

I

Personal protective equipment and clothing shall not be stored with personal street clothing,

B

Cleaned personal protective equipment (such as fuce shiclds and respirators) that comes into contact with the
wearer's face and company-issued nonpersonal protective clothing shall be surveyed. Contamination levels
should be below Table 2-2 total contamination values before reuse, The use of statistically representative
sampling is acceptable.

5. Laundered protective clothing should not exceed the contamination limits in Table 4-2 and 4-3 before reuse,

Table -2 Summary of Fixed Conwmination Limits for Laundered Protective Clothing

Fixed Contamination Limit
Radlonuclide {dpm/100 cm=)
Naturnl U, 23U, 38, and associated decay 1,000 alpha
products
Transuranics, R8Ra, 23Rq, 20Th, 24Ty, 2Py, 1,000
mAc. 123 I' 1291
Natural Th, 22Th, %Sr, PRy, *¥Ra, 22U, 129], 1,000
131 199
Bew-gamma emitters (nuclides with decay 10,000 beta-gamma

modces other than alpha emission or spontancous
fission) except *Sr and others noted above;
includes mixed fission products containing ®Sr

4.12
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Table 4-3 Summary of Removable Contamination Limits for Laundered Protective Clothing

Removabie Contamination
Radionuclide Limit
(dpm100 cm?)
Natural U, 35U, 38y, and associated decay 20 alpha
products
Transuranics, 2¢Ra, #*Ra, P0Th, 28T, D! Pa, 20
@ g, 139],139],
Natural Th, 292Th, %Sy, Z0Ra, 4Ry, D2, 128], 20
1317, 139]
Bely-gamma emitters (nuclides with decay 1,000 beta-gamma
modes other than alpha emission or sponianeous
fission) except *°Sr und others noted above;
includes mixed fission products conwining %Sr

6. Siwes and facilities are encouraged 1o do the following,
2. Apply the latest techniques and instrumentation to deteet contamination on personal protective equipment

and clothing below Table 2-2 tow! contamination values.
b.  Continue efforts to reduce contamination Jevels on reusable personal protective equipment and clothing,

462  Laundry
1. Clothing and cquipment should be laundered according to facility, color, type, and level of contamination,

2. Laundry activities should be performed using processes that minimize both potential worker exposure and the
volume of wasle generated,

3. Clothing and equipment should be screened before they are laundered to segregate those that are damaged,
present specinl handling problems, or require disposal,

4. Waste streams that contain soaps, detergents, solvents, or other materials that could interfere with processing
largesvolume liquid wasie streams should be segregated for separate processing.

5. Contracting for fully licensed laundry services is encournged.

6. Cleancd personal protective cquipment and laundered protective clothing shall be inspected before use, Clothing
should be free of tears, sepurated scams, deterioration and damage, or repaired in a manner that provides the
original level of protection.

463 Decontamination

1. Radiological work permits or technical work documents shall include provisions to control contamination at the
source to minimize the amount of deconlumination needed.

2. Wark planaing shall include consideration of the handling, temporary storage, and decontamination of
materials, wools, and equipment,

3. Deccontamination activities shall be controlled 10 prevent the spread of contamination.

413
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4., Waterand steam are the preferred decontamination agents. Other cleaning agents should be selected based upon

5.
6.

their effectiveness, hazardous propertics, amount of waste generated, and case of disposal,
Contaminated areas should be decontaminated,

Efforts should be made to reduce the level of contamination and the number and size of contaminated areas that
cannot be climinated.

Facility line management should be responsible for coordinating decontamination efforts,

464 Vacuum Cleaners and Portable Air-Hundling Equipment

Improper use of vacuum cleaners and portable air-handling equipment may result in the gencration of airbome
radioactivity, loose surfoce contamination, or high dose rates.

1,

Vacuum cleaners and portable air<handling equipment used in arcas established to control removable surface
contamination or airbome radioactivity (except areas where only tritium is present) shall be equipped with high-
ciliciency particulate air (HEPA) filters,

HEPA filters used in vacuum ¢leaner and portable air<handling equipment shall mect the efficiency and
construction requirements for HEPA filters in MIT-F-51068. The maximum {low rate of the device shall not
exceed the flow rale at which the HEPA filter was efficiency-lested. In addition, the device shall be leak-tested
before initiad use, afier units have been opened, and annually, Leak tests are conducted by injecting DOP or
cquivalent acrosols into the inlet of the device and measuring the DOP concentration at the inlet and outlet of
the device. ERDA 76-21, Section 8.3.1, provides additional information on in-place testing of HEPA filters,

Vacuum ¢cleaners used for radiological wotk shall be

a. Uniquely marked and labeled,

b. Controlied by a rdiological work permit,

¢. Controlled o prevent unauthorized use,

d. Dusigned and constructed to ensure HEPA filler integrity under conditions of use, and

¢. Designed and construcied (o prevent unauthorized or accidental aceess to the inner surfaces of the vacuum,

Radiation and contamination surveys shall be performed periodically on vacuum ¢leaners in use, and labels on
these units shall be updated after each survey, The {requency of radiation surveys should depend on the specific
use of the vacuum ¢leaner.,

Airbome radicactivity levels shall be monitored when a vacuum cleaner is used in a highly contaminated area,

A review by the Crix.{cnl_i‘t_y Safety Group (ESH-6) shall be performed and documented before the use of a
vacuum cleaner for significant quantities of fissile material as defined in AR 4.1, “Nuclear Criticality Safety,”

A review by ESH-6 is also required when it is expected that the vacuum cleaner bag could accumulate a
significant quantity of fissile material over a series of operations,

4.14

|

|
|




LANL RADIOLOGICAL CONTROL MANUAL

Decomber 23, 1994

Radlological Health Support Operations Chapter 5
CHAPTER 5 RADICLOGICAL HEALTH SUPPORT OPERATIONS
TABLE OF CONTENTS
Article Pape
PART 1 External Dosimetry
S11 Requirements : ; 1
512 Technical Requirements for External Dosimetry 1
513 Pocket and Electronic Dosimeters -
$14 Area-Monitoring Dosimelers 3
515 Nuclear Accident Dosimetry 3
PART 2 Internal Dosimetry
521 Requirements ‘ et
522 Technical Requirements for Intemal Dosimetry . 4
523 Technical Requirements for Dosc Assessment 5
PART 3 Respiratory Protection Program
531 Requircments w8
532 Medical Assessment . O
533 Using Respiratory Protection 6
53 Heat Stress, q
535 Half-Fuace Respirators 7
PART 4 Handling Radlologlcally Contaminated Personnel
541 Skin Contaminauon wuummssssssrsosmsessssmssssssssssons 8
542 Contaminated Wounds sussssisssssssesssins . e 8
543 . Exposures to Airborne Radioactivity
PART 5 Radioleglcal Monitoring and Surveys
551 ReQUIMCMENLS suveasssssssossossasrsssssness o 10
552 Radiﬂuon Exmsurc Smcys L PRASASARAIRANRIN I INRRIERNI NN BRI IRbRs b bRt 10
553 Arca Radiation MONIOM .uesssssesins W1l
554 Contamination Surveys ..., 12
555 Airborne Radioactivity Moniloring . W12
PART € Instrumentation and Calibration
561 Standardization . 14
562 Inspection, Calibration, and Performance Tests 14
563 Muaintenance 15
5& Cmibmuon Facilitjcs ......... LTI IYTIYY TN ] 15




LANL RADIOLOGICAL CONTROL MANUAL December 23, 1994
Radiological Health Suppornt Operations Chapter5

PART 1 External Dosimotry

511 Requirements

1. = Pecrsonnel dosimetry shal) be required for the following:

a. < Personnel who are expecled to receive an annual external whole-body dase greater than _100 mrem or an
annual dose to the extremitics or organs und other Lissues (including lens of the c%c and skin) greater than
10 percent of the corresponding limits specified in Table 2.1, 10 G I3ARUNIXOWXINIv), 100Xb)

b, = Deelared pregnant workers who are expected 10 receive from extemnal sources a dose equivalent of 50
mrem or more 10 the embryo/fetus during the gestation period 10 C¥R EDATAND)

¢ © Minors, students, visitors, and public expecied 1o receive an annual external whole-body dose equivalent
of 50 mrem or more in a year, 10 CFR 833402(3). 18 CFR R384a2(a)(1)

2. = Neutron dosimetry shall be provided when a person i likely to exceed 100 mrem annually from neutrons.,
10CFR K5,402{a X1 XI)

3, Dosimeters shall be issued only 1o personne! who have been formally instructed in their use and shall be womn
only by those to whom the dosimeters were issucd,

4, To minimize the number of personnel in the dosimetry program, the issuance of dosimetars 1o persons other
than those entering Controlled Areas, Radiclogical Bufler Arcas, Radiation Areas, or High Radiation Areas
wherc there is o potential for external exposure is discouraged, Although issuing dosimeters to personnel who
arc not occupationally exposed 1o radintion can appear (o be b conservalive practice, it creates the impression
m the wearers are occupationally cxposed 10 radiation, However, this practice is acceptable at L unu)

cr notice,

S. Personnel shall return dosimeters 1o the dosimeter custodian for processing as scheduled or upon request and
should be restricted by linc management from continued radiological work until dosimeters are returned.

6. Personncl shall wear their primary dosimelers on the chest arca, between the waist and the neck, in the manner
prescribed by dosimetry personnel,

7. (Reserved]

8. The practice of Laking dosimeters (TLDs or film) off-site (i.c., home or other nonwork locations) is discouraged
:fs:&;hall not be implemented where not already in place, However, this practice is accepiable at LANL until
¢r notice,

9, Personncl shall not wear dosimeters issued by LANL while being monitored with a dosimeler at another ofT-site
location (c.g., another DOE contruclor site) unless approved by the Health Physics Mcasurements (ESH-4)
Group. Temporary dosimeters for special assignments may be issued for off-site use with the prior approval of
ESH=4, Personinel shall not expose their dosimeters 1o sccurily x-ray devices, excessive heat, or medical sources
of rudiation (¢.g., dingnostic x-ray procedures or disagnostic or therapeutic nuclear medicine procedures).

10, Persons whosc dosimeters are lost, damaged, or contaminated while they are working should place their work in

a safe condition, immediately exit the arca, and report the occurrence 1o the Health Physics Operations (ESH-1)

Group. If the dosimeter is lost or damaged off the site, the person should report the occurrence to ESH-1, The

person's line manager is required to complete a Lost Dosimetry Badge Report (Form 1325), The person should

not reenter the Controlled Arcas until a review has been conducted, Line management has approved reentry, and
the dosimeter has been recovered or replaced,

512 Technical Requirements for External Dosimetry

1, = DOE 5480.15 specifies the requircments for accreditation of personncl external dosimetry monitoring
programs by the DOE Laboralory Accreditation Program (DOELAP), A technical basis document shall be
developed and maintained for the external dosimetry program by ESH-4, Personnel external dosimeters include

[y
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but nr::b )not limited to thermoluminescent dosimeers, track-ctch dosimeters, and neutron-sensitive film, 2*€"R

124

= The technical basis document shall also address dosimeters that monitor radiation outside the s¢ope of
DOELAP, such as dosimetry associated with high-cnergy accelerators and extremity dosimeters, 1® CFR D342(0)

3. LANL should participate in intercomparison studies for external dosimetry programs,

4, 'When personnel exposures to the skin, Jens of the cye, and extremitics are monitored, they shall be listed
scparately on reports,

S. Multipic dosimeters should be issued to personncl Lo assess whole-body exposure in nonuniform radintion fields
or as required in radiological work permits, Nonuniform rodiation fields exist when the dose 10 a portion of the
whole body will exceed the dose to the primary dosimeter by more than 50% and the anticipated whole-body
dosc equivalent is greater than 100 mrem. The technical basis document should describe the method used in
determining the dose equivalent of record when multiple dosimeters are used.

6. A dosc assessment shall be performed by Policy and Program Analysis (ESH-12) for each instance of a lost,
damaged, or contaminated personnel dosimeter, The extent of the asscssment is commensurate with the l
magmtudc of the dose equivalent or poiential dosc equivalent being assessed,

513 Pocket and Electronic Dosimeters

Pocket and clectronic dosimeters (including bubble dosimeters) arc supplemental dosimeters that provide real-time
indicntli?n vg’fs exposure to radiation and assist in maintaining personnel dose equivalents less than administrative
control levels,

1. Supplemental dosimeters shall be issued to personnel before they enter a High Radiauon Arca or Very High
Radiation Area (sec Article 334 for entry requirements); when a person could exceed 10% of an administrative
control level from cxternal radistion in one workday; or when required by a radiological work pemmit, Pocket
dosimeters should be sclected with the lowest range applicable (typically 0-200 mR) for anticipated personnel
cxposures.

o4

Supplemental dosimeters shall be wom simultancously with the primary dosimeter and loented in accordance
with ESH-1 procedures,

3 ? uﬁag‘l;lmcnm! dosimeters shall be read periodically while in use and should not be allowed 10 exceed 75% of
u e

4, Work authorized by a mdiological work permit shall be stopped when supplemental dosimeter readings indicate
total exposure or mite of exposure that is substantially greater than planned, ESH-1 managers shall be consulted
before work is continued.

5. ‘The cnergy dependence of supplemental dosimeters, particularly to low-energy beta radintion, should be
considered in determining their applicability,

6. Usc of electronic dosimeters is encournged for entry into High Radintion Areas or when planned dose
cquivalents greater than 100 mrem in onc workday are expected, An electronic dosimeter provides an carly
waming of unexpected radiation ficlds through the use of alarm set points at specified dose cquivalent rates or
integrated dose cquivalents,

7. When the dose cquivalent results from the pocket or electronic dosimeters differ by more than 50% from the
primary dosimcter result and the primary dosimeter result is greater than 100 mrem, an investigation should be
snitiated to explain the difference.
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514 Arca-Monitoring Dosimeters

Establishing and maintining a comprehensive, occupational arca-monitoring program minimizes the number of
areqs requinng the jssuance of personnel dosimeters and demonstraies that doses outside Radiological Buffer Arcus
are negligible. Minimizing the number of personncl dosimeters issucd saves in the costs of operating the dosimetry
program and reduces Costs associated with maintaining personnel with enhanced training and qualifications,

1, e If personal radiation dosimeicrs are not womn by people who routinely occupy areas adjacent to radiation
areas, then arca.monitoring dosimeters shall be used to record and document radiation levels in routinely
occupicd arcas adjacent 10 arcas where radiation or operations with radistion exist., This monitoring requirement

docs not ag’p}z when the radiation arises solely from low-cnergy beta sources {¢.g., carbon-14 or Lritium), 19 CFR
K3S401(a )11}, (B), 10U3(H)

2, Arca-monitoring dosimeter results should be used to support dosimetry investigations where personnel express
concerns about their work environments and exposure to ionizing radiation,

3. = Arca-monitoring dosimeters should be used in Controlled Areas w supplement existing monitoring programs
and to provide data in the event of an emergency, 18 CFR 133401m)0), ()

4, Arca-monitoring dosimeters arc placed by ESH-1 and ESH-12 radiological control technicians, as appropriate.

§15 Nuclear Accident Dosimetry

1. DOE 5480,11 and 10 CI'R 835.1304 specify the requirements for a nuclear acgident dosimetry program, which
shall be implemented when sufficient quantitics and kinds of fissile material exist to potentially constitute a
critical mass as defined in DOE 5480.5 and where the excessive exposure of personnel 1o radiation from a
nuclear criticality accident is gredible,

2, = The nuclear accident dosimetry program shall include  system of fixed nuclear accident dosimeter units,
10 CFR 835,1304(b)(D)

3. = Personal nuclear accident dosimeters must be worn by all personnel who enter locations where installed
criticality ularm sysiems arc required, 19 GFR 838.2304(hK4)

4, = The nuclear accident dosimetry program shall include a method to conduct initial screenings of personnel

insvolvcg({;l a nuclear accident to determine whether significant exposures to radiation occurred, 19 CHR
AL

5. = The nuclear accident dosimelry system shall include methods and cquipment for analyzing biological
matenals, 10 CHFR K)5,1304(h)(2)

5-3
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PART 2 Internal Dosimetry

521 Requirements
1, = The following personnel shall participate in an iniemal dosimetry program:

a. = Personnel who have the potential to receive intakes resulting in a commitied effective dose equivalent of
100 mrem or more in a year 0 PR 133402c)1)

b. = Deglared pregnant workers who are likely to receive intakes rcsuhjn§ in a dose equivalent to the
embryo/fetus of SO mrem or more during the gestation period 10 GR K940eXD

¢. © Minors, students, visitors, and members of the public who are likely (o receive intakes resulting in a
committed effective dose equivalent of SO mrem or more in a year, 19 CIK KI5 402()3), 1#CFR D501 (aX1319430b)

2. = The estimation of internal dose shall be based on bicassay data rather than air concentration values unless
bioassay data are unavailable or inadequate, or internal dose estimates based on represcntative 2ir ¢oncentration
values arc demonstrated 10 be as or more accuraie, 1# SRR

3. Personnel shall participate in approprinte bioassay monitoring when their routine bioassay results indicate an
intake in the current year with a commitied effective dose equivalent of 100 mrem or more,

4, Personnel whose routine duties may involve exposure to surface or airborne contamination or 1o radionuclides
readily aksorbed through the skin, such as tritium oxide, should be considered for participation in the l
appropriate bioassay program,

5. Personnel! shall submit bicassay samples, such as urine or fecal sampies, and, as appropriate, submit to bioassay
procedures, such as whole-body or lung counting, at the frequency required by the bioassiy program,

6. Personnel shall be notified in writing by ESH-12 of positive bicassay results above 2% of the ALI and the I
results of dose assessments (as promptly as they become available) and subsequent refinements, Dose
assessment results shall be provided in terms of rem or mrem,

522 Technical Requirements for Internal Dosimetry

DOE plans to implement accreditation programs for bioassay measurements and internal dose assessment and to
provide supplemental technical guidance on the implementation of internal dosimetry programs. Unti! these
accreditation programs are available, the DOE Radiological Control Manua! and the LANL Radiological Control
Manua! provide the technical guidance to implement the internal dosimetry programs.

1, = A tcchnical busis document shall be developed by ESH-12 for the internal dosimetry program, 19 CFR RsAe(e)

2. Baseline bioassay monitoring of personnel who may reccive intkes resulting in a commited cffective dose
cquivalent greater than 100 mrem, as identificd through the health physics checklist process, shall be conducted
before they begin work that may result in intakes,

3. Routine bioassay monitoring methods and frequencics shall be established for personnel who are likely to

receive intakes resulting in a commited effective dose equivalent greater than 100 mrem, The technical basis
for the methods and frequency of bicassay monitoring should be documented by ESH-12.

pro erminales employment or concludes work involving the potenual for intakes, Efforts should be made

4. Linc management shall require termination bicassay monitoring when a person who participaied in the bicassay -
10 clicit cooperation from those workers who do not submit o termination bioassay monitoring, l

5. Special bioassay analyses shall also be performed when any of the following action eriteria are met: |

a. Facial or nasal contamination is detected that indicates a petential for iniernal contamination,
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b. Airborne monitering indicates the potential for intakes that will result in o committed effective dosc
cquivalent exceeding 100 mrem,

c. Upon direction of the radiation protection organization when an intake is suspected,

Levels of intakes that warrani the consideration of medical intervention shall be established for site-specific
radionuclides, The clfectiveness of medical intervention, such as blocking or chelating agents, shall be
documented using bioassay results,

A preliminary assessment by ESH-12 of any detected intakes should be conducied before a worker is permiued
1o retumn 1o radiological work,

Bioassay measurements program personncl should use radionuclide standards from or traceable to the National
Institute of Standards and Technology (NIST).

Bioassay measurements program personncl should participate in the conduct of intercomparison studies and
should use the “DOE Phantom Library.”

523  Technicu) Requirements for Dose Assessment

Interpretations of bioassay results and subscquent dose assessments should include the following, when available,

1‘

Charncteristics of the radionuclide, such as ehemical and physica! form
Bioassay results und the person’s previous exposure history

Exposurc information, such as route of intake and time and duration of exposure
Biological models used for dosimetry of radionuclides

Modcls used to estimate intake or deposition and 10 assess dose

Intradcpartmental coordination between the radiation protection organization and Occupational Medicine
(ESH-2) for doses that may require medical intervention
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PART 3 Respliratory Protection Program

Respiratory protection equipment (hereafier referred to as respirators) includes respirators with particulate~ or gase
filtering cartridges, supplied-air respiratory, sclf~contained breathing apparatus, and airline supplicd-air suits and

hoods

531 Requirements

1‘

L)
-

3.

6.

53

Use of respiratory prolection shall be reduced to the minimum practicable by implementing engincering controls
and work practices to contain radioactivity at the source,

DOE 5480.4 mandates the requirements contained in ANSI Z88.2 and 29 CFR 1910.134 for implementing the
respiratory protection program and associnted training of personnel,

Respirator authorization cards and respirators shall be issued by Industrial Hygiene and Safety (ESH-S) only w0
personnel who'are medically qualificd by ESH-2 and trained and quantitatively fit-tested by ESH-S to wear the
specific type of respirator. Training and qualification testing shall be performed at least annually,

Positive controls shall be maintained by ESH-5 for the issuc, use, and return of respirators w ensure that only
qualificd personnel wear respirators, ESH-1 and the suppon services subcontractor assist with the issue and
return of respirators, :

DOE 5480.4 mandates that breathing air meet the specifications of ANSI/CGAG-7.1 Grade D breathing air as
specified in 29 CFR 1910,134, Compressed air supplied 10 respirators shall be tesied quarterly by ESH-S or
upon exchange of breathing air tbe trailers. Compressors shall be of the breathing air type and shall not allow
ol or other chemicals and fumes 1o enter the breathing air supply. Special attention shall be focused oa the
location of campressor air supply intakes and on cross-connections to other compressed gas sysicms (o prevent
contamination,

Facility safety analyses should not take credit for the use of respiratory protection {or routine work involving

poienual exposure Lo airbome radioactive muscrials, Engincering controls should be designed 10 control
radioactive materinls at the souree so that respirntory prolection can be reduced.

Medical Assessment

Each prospestive respirator wearer shall have a medical asscssment by ESH-2 before being quantitatively fit-tested,
The medical assessment shall determine if a worker's medical conditon precludes the use of respirators and should
follow the ANSI Z88.6 guidance on {requency and content of the examination, A worker's ability 1 accommodate
the additional stress placed on the body when working in a respiratoe is part of this assessment,

533 Using Respiratory Protection

Personne! using respiratory protection shall meet the following provisions.

1.

Be issucd respirator authorization cards and respirators only upon verification of medical approval, training, and
quantitntive fit-testing,

Perform qualitative fitstests of their respirators to cnsure a proper scal before entering areas requiring respirator
uw!

Be clean shaven in the area of the respirator seal,

If nceded, use corrective lenses that arc approved by ESH-S for use with respirators or eyeglasses (without
temple bars or straps) mounted inside the respirator.

Be trained 1o leave the work orea when their respirators malfunction,
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6. Be trained to remove their respiralors 10 avoid life-threatening situations when exiting an ares afier the =
respirator has failed, bt

Personnel using respiratory proicction are required to keep respirator authorization cards current and available
for inspection by supervisors, ESH-1, and ESH-$. They arc also required to notily ESH.2 immediately if there &
is a change in health status that may affect their ability to use respirators. ;

534  Heat Stress

Heat stress may result from working in arcas of high heat, humidity, and radiant heat: working in prolective
clothing: and using respirators, parucularly where other protective equipment is required, Heat stress has occurred at
ambicnt lempceratures that are less than 70° F when muluple scts of proieclive clothing or plastic suits were in use or
strenuous work was required, The planning stages for work in high-temperature environments should address heat
stress controls, Recommended work time limits and use of body cooling devices should be considercd to reduce heat
stress, Job supervisors should inform their personnel of heal stress precautions before work begins on job
assignments in high-lemperature environmenis, If & person begins 1o feel symptoms of heat illness, the person
should immediately notify the nearest coworker, exit the area, remove personal protective equipment, notify the
supervisor, and rest in o cool arca, In such cases, medical assistance should be provided,

535 Ha!f-Face Respirators

Revised 10 CFR Part 20, effective January 1, 1994, states that half-face respirators arc *.,.not satisfactory for use
wherc it might be possible (e.g., if an accident or emergency were 10 ogeur) for the ambient airborne concentrations
to reach instantancous values greater than 10 times the, . .[DAC values)...This type of respirator is not suitable for
protection against plutonium or other high-toxicity matenals,”

1. Half-face respirators shall not be used on a routine busis as a precautionary measure for protecting workers from

potential airborne radioactive materials, Half-face respirators arc undesirable because their seal with the face is

more Jikely 1o fail than the seal with full-face respirators, partcularly during heavy work, As a result, their

permitied protection factor is low, :
2, ‘The use of half-face respirators is prohibited (or routine radiological work at LANL, |

Half-face respirators shall not be used for radiological emergency evacuation purposes at LANL,
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PART 4 Handling Radiologically Contaminated Personnel

541 Skin Contamination

p——

. Survey techniques shall be established to determing the extent of skin contamination,

2. When personnel detect skin or personal clothing contamination, they shall notify the ESH-1 radiological control
technician and their line supervisor,

3, The exicnt of skin contamination should be determined before decontamination procedures arc initiated.

4, Skin decontamination methods should be established for site-specific radionuclides. Skin abrasion should be
avoided during the decontamination process. Situations requiring intrusive decontamination methods, such as
tissue removal, require referra) to ESH-2L

5. Levels of skin contamination that trigger the need for dose assessments should be established by the ESH-12
%ﬁ: Asgc&smcm’rcnm for site-specific radionuclides, These trigger levels should not exceed 100 mrem
ow dose.

6. Personnel with skin contamination that triggers the need for dose assessment should be informed by the
radiation Frotoct.ion organization of the imual dose cstimate 10 their skin 2s soon as practical, preferably before
the end of their workday.

7. Personne] with skin contamination for which a dose assessment was not performed should be informed of the
nature of the contamination and an upper estimate of the dose received (such as less than 10 mrem) as soon as
practicable, preferably before the end of their workday.

8. Anassessment of skin exposure requires time to conduct a detailed evaluation, Assessments shall be conducted
in accordance with Appendix 2C and, promptly after completion, the results should be explained to the affected

persons,

542 Contaminated Wounds

1. Emergency medical care should be administered immediately for injuries involving radicactive matcrials in
accordance with National Council on Radiation Protection and Measurements Report Number 65, Mcdical
treatment of injuries typically takes precedence over radiological considerations,

2. ‘The treatrment of contaminated injuries should include the following,

a., Treatment of contaminated wounds by medically qualificd persoane!

b. Mo?iwgilng by ESH-4 of wounds and associated bandages for contamination, including alpha emitters if
applicable

¢. Identification of the radionuclides involved by ESH-

d. Medical determination by ESH-2 of the need for therapeutic intervention such as blocking or chelating
agents

¢. Initation of appropriate bioassay monitoring

f. Determination of need for work restrictions

3. Aninjured person should be counseled promptly on the medical and radiological implications of contaminated
wounds that result in internal dose equivalents greater then 2% of the Table 2-1 limits. The counseling should
be performed by medical professionals from ESH-2 and ESH-12 Dose Assessment Team personnel,

58
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543  Exposures to Airborne Radioactivity
Potential intakes of radioactive material are indicated when personnel without respiratory protection are exposed to
uirborne radioactivity or when respiratory protection has been compromised, 15 intakes of radioactive material are

indicated that could result in an individual's receiving o commitied effective dose equivalent greater than 100 mrem,
the following actions should be taken,

1, Identify personnel potentially exposed to airborne radioactivity.,
Obtain nasal swipes for qualitative indication of intakes where appropriate,

Anatyze air samples 10 determine airborne concentrations where appropriate,

Fal S

Determine duration of potential exposure to airbome radicactivity,
5. Perform bioassay appropriate {or the type and quantity of radionuclides involved,

6. ¥cslricl the worker from radiological work until evaluations are performed by the ESH-12 Dose Assessment
cam.
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PART S5 Radiological Monltoring and Surveys

551 Requirements

1

= Where appropriate, radiological monitoring of radiation exposure levels, contamination, and airborne
radionactivity shall be conducted w characterize workplace conditions, detect changes in radiological conditions,
and detect the gradual buildup of radicactive material in the workplace, (o verify the effectiveness of physical
design fentures and engineering and administrative controls and to identify areas requiring postings.

10 CFR 5,401 (s KINTHIKAKS), 441 (b), 203 (1), 1083(b)

10

11

= Monitoring shall be performed only by trained and qualificd personnel using instruments that are properly
calibrated and routincly tested for operability, 10 C¥R R34l (exd)

Surveys for radiation, contamination, and airborne radioactivity shall be performed os specified in technical
work documents and radiological work permits,

= ESH-1 shall perform and document a review of the adequacy of sampling and monitoring systems as purt of
any facility or operational chanfcs affecting radiological control, In the absence of such changes, a review
should be conducted annually, 10 CFR 835.784e)

w Instruments used to perform mdiation surveys shall be readily available and response-checked daily or
before operation, 1¢ CFRIOS4e1(e4) 4(b) When response checks are not within *20% af the expected value, the
instrument should be taken out of service, When response checks arc not feasible, compensatory actions should
be established to ensure proper instrument response,

Assessment of radiological conditions should include a sufficient number of survey points 10 chamcterize the
radiation present and to verify boundarics,

= Surveys should be performed before, during, and at the completion of work that has the potential for causing
& Mgc):g}tchansm in levels of radiation ficlds, surface contamination, and airbomne radioactivity, 19 CFR
A

= Survey frequencies should be established based on xs)ou:mial radiological conditions, probability of change in
conditions, and arca occupancy factass, 19 CHR KIS401(00)

Monitoring results should be reviewed by the cognizant radiological control technician supervisor. The review
shoul? cnsure that all required surveys have been performed and that the documentation is accurate and
complete,

Results of current surveys or facility and room survey maps should be conspicuously posted at the entrances to
survc?'cd areas or atherwise be made readily available (e.g., posting of outdoor areas) 1o inform personnel of the
radiological conditions.

Monitoring results and reports should be made available to line management (including support services
subcontractor line management) and used in support of pre- and post-job evaluations, ALARA planning,
contamination control, management of radiological control operations, and follow-up and correction o
identified actons/deficicncies.

= Monitoring data in each building or area should be coném"lcd and reviewed at least quarterly, Changes or
trends should be noted and corrective actions assigned. 19 CFR D3.401)3)

552 Radiation Exposure Surveys

1,

In nddition 10 the requirements of Article 551, routine radiation surveys should be performed in accordance with
the following minimum frequencies.

5-10
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a. Daily, in office space located in Radiological Buffer Arcas where the potential exists for external radiation
cxposure

b. Weekly, in routincly occupied Radiological Buffer Arcas and Radiation Areas

¢. Upon initial entry, weekly during continuing operations when the area is occupicd, and when levels are
expected to change in High Radistion Arcas

d.  Weekly, for operating HEPA-filiered ventilation units

¢.  Weekly, for temporary Radiation Area boundarics 1o ensure that Radiation Arcas do not extend beyond
posted boundaries

. Monthly, or upon entry, if entrics are less frequent than monthly for locations where radioactive materials
are stored and posted as such

g. Monthly, for polentially contaminated ducls, piping, and hoses in use cutside radiologica) facilitics

= Performance of radiation surveys should include exposure rate measurements of the general area, dose
cquivalent rates at a distance of 30 cm from a source or surface of inigrest 10 cvaluate potential whole-body
cxpasures, and cxPosurc rales on conwict with potential sources of radiation where there is a potential for hands-
on work, 1* CFR RSS2

« Surveys should be conducted whencver operations are being performed that might result in personnel being
cxposed 1o small inwense beams of radiation, such as those generated by shiclded x-ray devices or resulting from
removal or alteration of shiclding, 10 C¥R R33401{)0)

= Radiation monitoring instruments shall be capable of measuring ambient radiation dose rates for the purpose
of controlling radiation exposures, 10 C¥R KIS40(b)

= Contarmination buildup insidc work gloves can lead to unaccepuable hand doscs to personnel in facilities

handling uranium. Reuse of leather or cloth gloves should be reviewed carefully for such buildup and beta

radiation surveys should be conducted on a periodic frequency on the interior surfaces of these gloves, 19 CFR

;’5-‘;' )4 Protective clothing gloves shall be worn inside these work gloves to prevent contamination of the
ang,

553  Area Radiation Monitors

10

= In addition to the requirements of Anticle §51, aren radiation monitors (not to include area-moniloring
dosimcters discussed in Article 5§14) should be installed in frequently occupicd Jocations with the potential for
unexpected increases in dose equivalent rates and in remote locations where there is a need for Jocal indication
of dosc cquivalent rates prior (o personnel entering remote locations, 19 CFR K33.403()

Arca radiation monitors should not be substituted for radiation exposure surveys in characterizing u workplace.

= The need and plucement of arca radiation monitors should be documented and assessed when changes to
facilities, operations, sysiems, or cquipment ogeur, 19 CFR R35.704(e)

In addition to the requirements in Article 562, area radiation monitors should be tested at least quanierly 10
verify audible alarm system operability and audibility under ambient working conditions and operability of
visua! alarms when $o cquipped. These tests shall be documented.

If installed instrumentation is removed from service for mainienance or calibration, a radiation-monitoring
program providing at least equal detection capability should be maintained, consistent with the potential for
unexpected increases in dosc equivalent rates,

Where an arca radiation monitor is incorporated into a safety interlock system, the circuitry shall be such thata
failure of the monitor shall either prevent entry into the area or prevent operation of the radiation-producing
device,
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554 Contamination Surveys

1.

6.

T

8.

9I

In addition to the requirements of Article 551, routine contamination surveys should be conducted in
Rudiological Buffer Areas established for the ¢ontrol of contamination and other areas with the potential for

spread of contamination as follows:

a. Before the transfer of equipment and material from one Radiological Buffer Area (o another
b. Before the transfer of equipment and material from highly contaminated areas within Radiological Buffer

Areas unless precautions such as bagging or wrapping are taken before transfer

c¢. Daily, at contamination area control points, change arcas, or siep-ofT pads when in use, or per shift in high-

usc situations

d, Daily, in office space located in Rudiological Buffer Areas
¢. Daily, in lunch rooms or eating areas near Radiological Buffer Areas
f.  Weekly, in routinely occupicd Radiological Buffer Arcas

g Weekly, or upon entry if entries are less frequent, in arcas where radicactive materials are handled or stored
h. Weckly, or upon entry if entries are less frequent, where contamination boundaries or postings are located

i.  During initial entry into a known or suspected Contamination Area, periodically during work, at completion
of job, or as specificd in a radiological work permit

Jjo  Aftera leak or spill of radicactive matcrials

Survcy requirements for the release of matcrials shall be met in accordance with Articles 421 and 422,

Contamination surveys should incorporale iechniques to detect both removable and {ixed contamination,

= Jtems with inaccessible surfaces that were located in known or suspected Contamination Areas, High
Contamination Arcas, and Airborne Radioactivity Areas and had the potential (o become contaminated a2 Ievels
likely 1o exceed Table 2.2 values shall be treated as poteatially contaminated and subject 1o administrative
controls unless the ilems are dismantled and monitored or special survey techniques are used 1o survey all

surfaces, 1¢ CFRIDS,1101012)

The requircments for assessing representative samples of bulk material (such as sand, sweeping compounds, or
plate sieel, which are not suitable for normal Joose and fixed contamination-level assessment techniques) are
specified in DOE $400.5, Procedures for asscssing these samples will be prepared by the radiation protection

organization,

Smear surveys for removable contamination shall be reported in units of disintegrations per minute per 100 em?
(dpm/100 em<), For smear surveys of small itcms covering less than 100 ¢m=, the results shall be reported in

units of dpm per area sampled,

Large-arca swipes arc encouraged and should be used to supplement standard smear techniques in areas
generally assumed not to be conwminated, such as entrances 0 Radiological BulTer Areas, Il an evaluation
indicates that an arca swiped is contaminaled, the arca may be immediately decontaminated, or a thorough

contamination smear survey should be performed.

Arcas identified us cither being contaminated with or having the polential for being contaminated with highly
radioactive particles (*hot particles™) should be surveyed weekly. These arcas should be surveyed at least daly
during periods of work that may result in the gencration of hot particles. Special swipe techniques to collect hot

particles, such as tape and large-grea swipes, should be used.

Instruments and techniques used for radioactive contamination monitering and control shall be adequate to

cnsure compliance with the requirements of 10 CFR 835,404 and 403(a).

555 Airborne Rz'udiouctivi:y Monitoring

1, Inoddition to the requirements of Article 551, air-monitoring ¢quipment should be used in situations where
airborne radioactivity levels can fluctuate and early detection of airborne radicactivity could prevent oe
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3.

minimize inhalalion of rudioactivity by personnel. Selection of air-monitoring cquipment by the radiation
protection organization should be based on the specific job being monitored, Air-moniloring cquipment includes
portable and fixed air-sampling cquipment and continuous air monitors,

= Air-sampling cquipment shall be used in occupicd arcas where, under normal operating conditions, a person
is likely to receive an annual intake of 2% or more of the specificd annual limit on intake (AL values (40
DAC-hr), An annual intake of 2% of a specificd ALI gencrally represents o committed effective dose equivalent
10 a person of approximately 100 mrem, 19 CFR RI3209(a), sa3ax1)

= Continuous-air-monitoring equipment shall be installed in occupicd arcas where 2 person without respiratory
protection is likely o be cxposed to a concentration of mdioactivity in air exceeding 1 DAC or where there is a
necd to alert potentially exposed workers 1o uncxpeeted increases in the airbomne radioactivity levels, A person
who is continuously exposed to a concentration of radioactivity in air of 1 DAC for one workweek would
generally receive a committed effective dose cquivalent of approximalely 100 mrem, 18 CFR R3S20w), 4020)2)

= Alir-sumpling equipment should be positioned 1o measure air concentrations at work locations, 19 €FR
m3A4ee) If this cannot be achieved, a program of personal breathing-zone air sampling should be initiated.

= Airsmonitoring cquipment shall be routincly maintnined and calibrated at a frequency of at least once a year,
1 CPR R34t Continuous air monitors should be capable of measuring 1 DAC when averaged over 8 hr (8
DAC-hr) under laboratory conditions,

= Continuous-air-monitoring cquipment required by Article 555.3 shall have alarm capabili%und sufficient

sensitivity 1o alert personnel that immediate action is necessary to minimize or terminate inhalation exposures.
10CHFR KJS.ZOD(-)(J) pO

The proper operation of continuous-air-monitoring equipment should be verificd daily by performing un
operational check. Operational checks should include positive airflow indication and intemal source checks or
60-Hz cle¢ronic checks when available, Continuous-uir-monitoring equipment should be verified weekly by
checking for instrument response with a check source,

Preliminary assessments of air samElcs USinf' ficld survey techniques should be performed promptly upon
removal, In situations in which background levels of mdon and thoron daughiens interfere with evaluation of
alpha air samples, prompt ficld assessments may not be possible.

Air sample results should be evaluated as quickly as practicable for evaluation of the need for respiratory
protection, area cvacuation (if necessary), worker intake, and worker reliel from respirator use.
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PART 6 Instrumentation and Callbration

561 Standardization

Standardization on the use of commercially available radiological instrumentation in the DOE is highly encouraged.
To assist in the selection of appropriate instrumentation, DOE intends to establish 3 formal program to evaluate and
test cach type of radiological instrumentation used throughout the DOE complex, ESH-4 revicws and approves
purchase requests for all radiation-monitoring cquipment used {or health and safety gxurposcs The requester may
submit the purchase request directly to ESH-4 or to the Business Management (BUS) Division, who will route it 10
ESH<4 for approval, ESH«4 will maintain a list of standard radiation monitoring instruments at the Luborutory that
meet American National Standards Institute/American Nuclear Socicty (ANSI/ANS) performance standards. This
list will be available on request to expedite the review and approval process.

1. The requester must contact ESH-4 or the appropriate radiation protection group representative 1o request
rudintion monitoring instruments. User organizations must maintin physical control of pool instruments in their
custody, advisc the instrument pool manager of cquipment location changes, respond promptly to reeall notices,
and immediately return defective cquipment to the instrument pool manager.

2. ESH<4 determines which instruments will be used for radiation protection purposes. All such instruments
become part of the ESH-4 maintenance and calibration system, where o datibase of their calibration/
maintenance cvcles is maintained, Users are notified in writing when instruments require ealibration and/or
maintenance, Instruments that are out of calibration shall not be uscd, Users should request overlapping
calibration cycles for all instruments under their control 5o that currently calibrated instruments are always
available. All calibrations performed by ESH= will be traceable to the NIST ard will comply with the
requirements of ANSI N323,

3. Radiation-monitoring instruments in the instrument pool must not be modificd without the approval of ESH<4,
The instrument pool supervisor assists in oblining such approvals, User organizations must comply with the
use limitations specified on the insgrument's Label,

4, ESH-4 will specify appropriaic sources and procedures for performancestesting radiation instruments,
Insorument users will ensure that instruments with the capacity for being performance-tested will be checked
daily or before each use to ensure proper instrument response.,

562 Inspection, Calibration, and Performance Tests

1, = Rndiolo;zical instruments shall be used only W measure the radiation for which their calibrations are valid,
10Crx wsaelia@) DOE 5480.4 mandates the requirements contained in ANSI N323 for radiological
instrumentation calibration, Calibrations shall use NIST traceable standards or their equivalents,

2. Calidration procedures shall be developed for cach radiological instrument type and should include frequency of
calibration, precalibrition requirements, primary calibration requirements, periodic performance test
requirements, calibration record requirements, and maintenance requirements,

3. = Pocket and electronic dosimeters and arca radiation monitors should be calibrated at least annually and in
accordance with Article 562,1, 19 CFR R%e0LeX)

4. = The effects of environmental conditions and interfering radiation on an instrument shall be known before
use, if the instrument is 10 be used in that particular adverse environment, 19 CFR L5e01(e)0)

5. Functional tests should be used 10 assess instrumentation designs that include alarms or that involve a process
control. A functional test should be developed to test all components involved in an alarm or trip function and
should be performed at least annually,

6. Inunusual and limited situations it may be necessary Lo use an instrument in an upplication other than that
cnvisioned by the manufacturer. Special calibrations should be performed for use of instrumentation outside
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manufacturers’ specifications, The instrument should be adjusted, calibraied, and labeled to identify the special
conditions and used only under the special conditions for which it was calibrated,

Instruments shouid bear a label or tag with the dale of calibration and date calibration expircs,

LANL muaintains a program in ESH-3 {0 evaluate, repair, test, and periodically culibrate all of the radiological
control survey and monitoring instruments for LANL, Each instrument is labeled with the calibration date and
expiration date for the instrument's calibration, Calibration procedures are documented in the program's quality
assurance procedures for each instrument,

Instuments whose calibration date label or performance test readings indicate that the instrument may have

been used while out of calibration shall be reported to ESH-1, ESH-1 should review surveys performed with the
instrument while it was out of calibration.

563 Maintenance

A documented program for preventive and correetive maintenance of radiological instrumentation should be
provided by ESH,

Preventive and corrective maintenance should be performed using components and procedural
recommendations at least as stringent as thosc specified by the manufacturer of the tnstrument.

Radiological instruments shall undergo calibration before use following any preventive or corrective

maintenance or any adjustment that voids the previous calibration, A battery change is not normally considered
maintenance,

564 Calibration Fucilities

l.

The ESH< calibration facilities should perform inspections, calibrations, performance tests, calibration

cquipment sclection, and quality assurance in accordance with the recommendations of ANSI N323, These
facilities should be operaied 50 as w

a, Locate activities in 2 manner thut minimizes radiation exposure Lo operating personnc! and Lo personnel in
adjacent arcas;

b, Minimize sources of interference, such as backscatier and nonionizing radiation, during the calibration of
instrurnentation and correct for interferences s necessary;
¢.  Operate in accordance with the referenced standards: and

d.  Generate records of ealibration, functional tests, and maintenance in accordance with the referenced
St.'.lnd.’lrds.

If contracted calibration services are used, these services should be performed according 1o the referenced

standards. Audits should be performed periodically on these services by LANL (o confirm that the instruments
are correctly calibrated,
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PART 1 General Requirements

611 Purpose

‘This chapter establishes the requirements 1o ensure that personncl have the training 1o work safely in and around
controlled and radiologicul arcas and to maintain their individual radiation exposure and the mdintion exposures of
others .;s lo]w as reasonably achicvable (ALARA), Training requirements in this chapter apply to personnel entering
LANL facilitics,

612 Standurdization

Standardized core courses and training materials shall be used 10 achieve consistency DOE- and LANL-wide. In
cstablishing local training p s, the standardized core courses shall be provided and LANL-specific information
shall be added by the ES&H Training Group (ESH+13), with facility= und job-specific information {providcd by the
approprinte line organizations (refer w Part 6 of this chapter), For example, training at accelemtor facilities should
be expanded W include high-cnergy radiation and activation products, Training at plutonium facilities should be
expunded to include alpha contamination control. In all cases, the standardized core course materials shall be fully
implementzd,

Job-specific training is the truining required for a person 1o perform o particular job, Facility-specific training is
training required for all employces working nt a particular facility, Operation-specific traiming is the training
required for an employee to perform a particular aspect of a job or a uniguc operation, = Line managers must ensure
that the level of training is commensurate with each worker's assignment and includes training on procedures
specific to the individual's job assignment, 19 CFr 135902

Standardized core course training material developed and maintined by DOE Headquarters (EH) consists of lesson
plans, designated view graphs, student handbooks, qualification standards, question banks, and wallet-sized training
certificates, The standardized core course training materials were based on ASTM E 1168 87, “Standard Guide for
Radiological Protection Training for Nuclear Facility Workers,” and were developed using the principles of
performance-based training per DOE 5480.20, The standardized core course for radiological control technicians
(RCTs) purtially fulfills DOE training acereditation requirements of DOE $480,18B,

1, Standardized core course training material shall be used by ESH-13 for General Employee Radiological
Training (GERT), Radiological Worker I and 11 iraining, and RCT training,

2. Wallet-sized training certificates that identify current training status should be provided by ESH-13,

= Successful completion of the standardized courses for GERT, Radiological Worker 1 and 1 wraining, and RCT
training ot one DOE site within the past two yeurs shall be recognized by other DOE sites, 18 CFR 24901 (), 902, 303
= Documentation of previous training shall include the individual's name, date of wraining, topics covered, and
name of the certifying official, 19 CHRRILM1(), 302,98 Hogwever, LANL-specific aspects of the radiological
training shall be completed, LANL-specific training for GERT and Radiological Worker I and 1I training is
‘included with core training,

Al LANL, where there arc multiple facilities, the training may be facility-specific if personnel access is limited
to those facilities for which training has been completed,

The LANL Radiation Protection Program manager or a designee shall concur in LANL-generated radiological
training material,

613 Requirements

1, = Written examinations for General Employes Radiological Troining, Radiological Worker 1 and 11 training,
and RCT qualification shall be used o demonstrate satisfactory completion of theoretical and ¢lassroom

matcrial, 19 CFR 8359010), 902, %3 Examinations should be written; however, the Radiation Protection Program
manager may approve allernatives to accommodate special necds, Alternative examinations should be
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cquivalent in content 1o written examinations. The test items shall be based on training objectives. These (

examinations will be reviewed and maintined by the LANL Testing Qffice (Training and Development/

Evaluation Section), The examination process should meet the following requirements:

a. Esublishment of a minimum passing score ‘

b. Exclusion of true/false questions

c. Useof questions randomly selecied from a question bank

d. Acknowledgment by the student’s signature that the student participated in a post-examination review

¢. Mensurement of competence in required skills using performance-based examinations

f. Remedial actions for failure 10 mect the minimum score '

g Questions that test what the student is expected to remember months afler the training rather than testing
short-term memory of theoreticul material '

2. Trining should address both normal and abnormal situations in radiological control,

3. GERT shall be completed every 2 years, » Changes 10 the program as identified by the radintion protection
organization and line organizauons shall be incorporaled by ESH-13 as they are identificd and a decision made
by the radiation protection organization if retraining before the 2-year period is needed, 19 CFR SN In the
alternate year when full retraining is not completed, the latest GERT handbook (student guide) should be
distributcd by ESH-13 for scif-study,

4, = Radiological Worker I'and II retraining shall be completed every 2 years, 19CMR 08982 In the alternale year
when retmuning is not performed, refresher training provided by ESH-13 shall be completed.

5. = LANL.specific and refresher maining provided by ESH-13 and job-, facility-, and operation-specific training I
provided by the operating organization shall include changes in requirements and updates of lessons learned
ix;%t;w‘ 0 &E}:&ns and maintenance experience and occurrence-reporting for LANL and across the DOE complex,

6. The effectivencss of radiologienl contro! training should be verified by surveying a limited subset of former
students in the workplace. This verification is in addition to performance evaluations routinely performed by
ESH-13. This evaluation should include observation of practical applications and discussion of the course
malerial and may include writien cxaminations, The survey should be performed by radiation protection
organization managers and supervisors, quality assurance personnel, or senioe instructors and coordinated with
the appropriale line organization after the former student has had the opportunity w0 perform work for several
months. The results shouid be documented by ESH-13.

7. Requirements for respiratory protection training are outlined in Article 531,

8. Training programs developed for radiological control should meet the requirements for performance-based
training and, when applicable, training accreaitation,

9. Reading and comprehension skills in the English language are necessary for GERT. Visitor orientation and the |
use of rained escorts may be used as an alternative to training with the concurrence of the Radiaton Protection
Program manager,

10. Reserved _ |

11. Training records and course documentation shall meet the requirements of Article 725,

614 Qualification Standards for Radiological Control Technicians (RCT's)

1. Qualification standards defing the requirements for demonstrating completion of raining. Signatures on the
forms in qualification standards shall document satisfactory proficiency.

2. Quatification standards from the standardized core course shall be used,
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= The qualification standards from the standardized core course shall be supplemented by Health Physics
Operations (ESH-1} to include LANL-specific clements. The LANL-specific clements may include input from
the appropriate line organizations, This input may also include information related to operations of the line
organizaton and the hazards associatcd with these operations, 10 CFR 5%

= Qualificaton standards for the RCT position shall include on-the-job training by ESH-1 to provide hands-on
experience directly applicable (o the job, 19 CYR 83590

On-the-job trainees shall be under the control of qualified personncl, = Before performing a job function
without direct supervision, a trainee ;nglh partially completed qualifications shall have completed the

qualifications for that Lask, 1* C¥H K3

615  Oral Examination Board

L.

The oral examination board(s) shall determine the qualification of candidates for RCT and supervisor positions,
The oral cxamination board provides an opportunity to idenlify arcas of weakness related to performance of
RCT duties and supervisor functions. The oral examination board also provides the opporwunity 1o ideatify
additional training needs 10 enhance radiological control technician and supervisor training programs,

The Radiation Protection Program manager shall designaic the board members and appoint ¢hairpersons.

The board constituted w0 evaluate RCT qualification should be composed of at least three persons to include an
RCT supervisor, radiation protection organization staff, and line management operations department supervisors
and staff personnel, as applicable, RCT instructors may participale as nonvoting members,

The board should asscss the candidate’s response to normal and cmergency situations, Questions should be of
the type that arc not normally covered in a written examination, It is reccommended that these questions be based
gn t:r_ajn)mg objectives and reviewed by the LANL Testing Office. (Training and Development/Evaluation

cction

The board constituted to evaluate RCT supervisor qualification should not include peers or subordinates as
voling members,

616 Instructor Training and Qualifications

1.

All instructors should be qualified in accordance with the LANL instructor qualification program or possess
cquivalent qualifications,

Instructors should have the technical knowledge, experience, and instructional skills required to fulfill their
assigned duties,

Instructors-in-training shall be monitored by a qualified instructor,

Subject-matter experts without instructor qualification may provide training in their arcas of experuse,
However, these subject-matier experts should be trained as instructors when this occurs routinely,
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PART 2 General Employee Radlologlcal Tralning

621 Site Personnel

Personnel who may routinely enter a Controlled Area unescorted (excluding radiological buffer areas and
radiological arcas) and encounter radiological barriers, postings, or radioactive materials shall receive GERT
provided by ESH-13, = This training shall be successfullv completed before potential occupational radiation
exposure. GERT is recommended for all employces, 1¢ CFR &88410) GERT is the minimum training requirement for
unescorted access to Controlled Areas. Additional faeility- or operation-specific training requirements may exist at
individual facilities.
1. GERT shall include the standardized core course trining materials and a writien cxamination, For uncscorted
access 10 Controlled Areas, workers must pass the General Employee Training (GET) examination,

2. Sundardized DOE core GERT shall be expanded to include LANL-speeilic information, such as site-specific
radiation types, alarm responses, and policics, These two training components constitute GERT,

3. Workers may challenge GERT standardized core knowledge requirements by passing a comprehensive
cxamination, If unsuccessful in one attempt, the entire General Employee Radiological Training standardized

core training shall be completed, Challenges do not apply W the sitc-specific portions.

4. Expected l.im;.'. 10 complete GERT is approximately 1 hour,

5. Additional gaining beyond GERT is necessary for uncscorted enwry into Radiological Buffer Areas or arcas
posted for radiological control other than Controlled Areas,

6. Information may be communicated by classroom lecture, videotape, or other applicable methods.

622 Radiological Orientation for Visitors

1. Esconed visitors who enter a Controlled Area shall receive a radiological safety orientation from the operating
organization respoasiblc for the arca. Unescorted visitors require GERT as a minimum, This orientation should
include the following topics,

a, Basic radiation protection concepls

b. Risk of low-level occupational mdiation exposure, in¢luding cancer and genetic effects
¢. Riskof prenatal radiation exposure

d. Radiological protection policies and procedures

¢. Visitor and management responsibdilities for radiation safety

f.  Adherence to radiological posting and labeling requirements

g. Applicable emergency procedures

h. Training for issuance of dosimeters, where applicable

2 Infomﬁon may be communicaled by videotape or handout to personnel entering a site. An examination is not
required,

Records of the orientation shall be maintained by the operating organization, Visitor signein logs may be used as
orienlation records.

‘The oricniation for continuously escored individuals or groups should be commensurate with the areas to be
visited, Records of oricntation {or such individuals or groups should be retained by Uie operating organization,

Fungcr ggguircmcnts for visitors, tour groups, visiting dignitanies, scientists, and specialists are addressed in
Article 657..
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PART 3 Radiological Worker Tralning

631 Requirements
1, = Asaminimum, Radiological Worker I u'nining shall be completed before entering Radiological Buffer Arcas i
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and Radiation Arcas without a qualificd escort, 19 CFR 32 The frequency of this training is specified in
Article 613.4

2. = Asaminimum, Radiological Worker II training is required for unescorted entry into arcas as stated in Table
6+1, 10 PRI The frequency of this training is specified in Article 613.4, Addilional training is required for
special job functions with radiological consequences per Article 634.1, ‘

3. Workers may challenge Radiological Worker I or 11 standardized core by passing a comprehensive examination,
If unsuccessful in onc attempt, the entire suindardized core Radiological Worker I or I raining shall be
completed, Challenges do not apply to the site-specific portions,

4, Radiological Worker I training is not a prercquisite for Radiological Worker 1T training,

5. Radiological Worker I and Radiological Worker 11 training arc self-<containcd courses; the core training is
provided by ESH-13, and the job-, lacility-, and operation-specific training is provided by the operatin
organization. Radiological Worker IT truining includes all of the requirements of Radiological Worker {: training I
and expands on the topic of hands-on work with radioactive materials, Radiological Worker IT training prepares
the worker 10 deal with higher levels of radiation and/or radiouctive contamination than those addressed in
Radiological Worker I training, l

632 Radiolopicul Worker I

1, = Workers whose job assignments require nccess 1o Radiologicl Buffer Areas, Radiation Areas, and locations
posted for the storage of radioactive materials (as specified in Anicle 333.1) shall complele Radiological
Worker I training as 4 minimum before being permitted 10 enter thesce arcas without a qualified escort (see

Anticle 658), 10CTR RS0

!J

= Radiological Worker I truining shall use the DOE suindardized core course training materials and, in addition,
shall emphasize LANL-spegific information, 10 CFR 40550

factors:

2. Entering and exiting simulated Radiological Buffer Areas and Radiation Areas |
b. Frisking for personnel contamination, as applicable

¢. Verifying instrument response and performing source checks

d. Responding to alarm situations 10 CFR K35.902

4, Expected time to complete the standardized core course and LANL-specific Radiological Worker I training is
approximately 8 hours,

5. Rescrved |

633 Ruadiological Worker II

Workers whose job assignments involve unescarted access to High and Very High Radiation Areas, Contamination
Arcas, High Contaminauon Arcas, and Airborne Radicactivity Arcus and/or workers who have polential contact
with hot particles or perform operations on bench tops, in fume hoods, at sample stations, in open-front boxes, or in
glove boxes shall complete Radiological Worker I1 training,

I 3. =~ Radiological Worker I training should cncompass at a minimum the following LANL-specific practical l
I 6-5
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1. = Radiological Worker IT training shall use the standardized core course trnining materials and, in addition,

3.

shall emphasize LANL-specifi¢ information, 19 C¥a nsse
= Radiological Worker II training shall encompass the following LANL-specific practical {actors,

a. Donning protective clothing
b, Em:;ll:cringn simulated Radiological Buffer Are, Contamination Area, and High Radiation Area to perform a

Responding to simulated abnormal situntions

Responding to simulated alarms or faulty radiological conwol equipment

Removing protective clothing and equipment and subsequently exiting the simulated area
Frisking for personnel contamination

Verifying instrument response and performing source checks 10 Crrmsse:

Ropap

Expected time to complete the standardized core and LANL-specific Radiological Worker IT training is
approximately 16 hours,

634. Specialized Radiological Worker Training

1.

Specialized mdiological worker training shall be completed for nonroutine operations or work in areas with
chunging radiological conditions. This training is in addition to Radiological Worker I training and is required
for personnel planning, preparing, and performing jobs that have the polential for high radiological
consequences, Such jobs may involve special containment devices, the use ¢f mockups, and ALARA
considerations. This training is provided by the operating organization, the radiation proiection organization,
and ESH-13, if requested,

Additional training for cmployees in specialized facilitics, such as aceclerators and laboratories, will be
developed. See Part 6, Training for Special Applications.
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Table 6-1 Radiological Worker Entry Training Requirements

Area Training Requirements®
Radiological Buffer Arcas Radiological Worker I or I
Storage of radiocactive material Radiological Worker I or I
Radiation Arcas Radiological Worker Ior II "
High or Very High Rudiation Arcasb Radiological Worker I
Contamination Arcas or High Contamination Arcas Radiological Worker 11 ﬂ
Soil Radiological Worker II |
Airborne Radioactivity Arcas Radiological Worker 1€ I
Bench tops, fume hoods, sumple stations, opensfront boxes, Radiological Worker I

a  Includes core and LANL.specific information,
b Entry requirements further restricied by Article 334,
¢ Requires respiniory protection qualification (Anicle 531),
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PART 4 RCT Qualification

641 Requirements

Training and qualification of RCTs and their immediate supervisors shall address routine operations and also focus
on recognizing and handling situations in both normal and changing radiological conditions, Newly qualified
technicians and those still in training should be given the opportunity to work with qualified, expenienced
technicians 1o foster development, Core trining for RCTs 18 provided by ESH-13. The comprehensive written
examination for qualification and requalification is administered by ESH-13,

642 RCT

'10

2,

5.

6.

‘qualifications, may satisfy individual sections o

apoe

= RCT qualification consists of the standardized core course training material, onsthe-job training per the
qunliﬁcl::.ngg,r(: .:‘Ssm:gards and passing both a final comprehensive written examination and final oral examination
board,

RCT waining shall use the standardized core course training materials and in addition should emphasize LANL-
specific information,

RCT candidates who have prerequisite know)cd‘sc. such as college credit, operational experience, or relaled
the standardized core course training requirements by passing
comprchensive challenge examinations,

Entry-level prerequisites shall be established to ensure that RCTs meet stndards for physical condition and
education, At a minimum, these standards should include the following.

High school cducation or equivalent

Fundamentals of mathematics, physics, chemistry, and science

Systems and {undamentals of process, operations, and maintenance

Reading and comprehension level sufficient to follow procedures, write permits, prepare survey maps,
wrile reports, and prepare shipping and transfer permits

. Ability to work in a support role and to communicate verbal instructions to others

Physical requirements 10 handle personal protective equipment and other cquipment and to assist others in
work locations, commensurate with assignment,

o

E\C‘Ts are encouraged Lo pursue registration by the National Registry of Radiation Protection Technologists

LANL gives credit toward completion of standardized core truining requirements for NRRPT registration,

643 Continuing Training

1.

Following successful completion of standardized core course requirements including practical (on-the-job)
training, the RCT shall pass both 2 comprehensive wrilten examination and an oral examination board for final

qualification,

= Following oral examination board qualification, the RCT should begin a 2-year cycle of contnuing training
required for requalification, Every requalification requires completion of on-the-job tmaining, 8 comprehensive
written examination, and a final session before the oral examination board, 1¢ C¥FR WA

Continuing training should provide continued improvement in the knowledge and skills of the RCT, Continuing
training is provided by the radiation protection organization and ESH-13, Continuing training course content
input from the line organizations is encouraged.
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Continuing training should include LANL-speeific and DOE-wide changes in requirements and updates of
Jessons Jearned from operating expericnce and industry events,

Continuing training shall include written examinations, as applicable, demonstrations of proficiency controlled
by qualification standards, and writtcn and oral examinations (o prepare for the comprehensive biennial
requalification, )

= Infrequently performed tasks, such as those for emergency response, may require annual training, 19 €M
13313040 Other tasks may require retraining before initiation of o task,

Personnel who maintain qualifications as RCTs satisfy the requirements of Radiological Worker IT taining,

644 RCT Supervisors

1.
2,

RCT supervisors shall be qualificd as RCT's and should participate in continuing radiological training programs,

RCT supervisors should have supervisory and Icadership capabilitics to direct the work of technicians;
cifectively interact with cralts, line supervisors, professional staff, and other managers; and be able 1o respond
and direct others in emergency and abnormal situntions,

RCT supervisors shall be requalified every 2 years through comprehensive oral examination boards in
accordance with Article 618,

Oral examination boards should focus on the ability o analyze situations and supervise subordinates. The RCT
supervisor’s depth of knowledge should exeeed that expected of an RCT,

645 Subcontracted RCTs

1.

Subcontracted RCTs (to inelude RCTs brought in by contraclor organizations, ¢.8., environmental restoration
contraclors) should have the same knowledge and qualifications required of LANL RCTs performing the same
duties, At a minimum, the training and qualification program should include the following,

a. Review c%z‘ resumes 10 identify technicians with experience in jobs similar 10 those in which they will be
employ

b, ‘é\;xgucg %xlasmination and oral cvaluation to verify appropriate knowledge level in accordance with Articles
an

Identification of the dutics technicians will be authorized to perform

Training in facility procedures and equipment associated with the authorized duties

Training on recent operating cxperience

Obscrvation of on-the-job performances by the RCT supervisor

DA

Subcontracted technicians who work at the facility for extended time periods (more than 6 months) are
identificd by the radiation proicction organization and should receive continuing training commensurate with
their assigned dutics. This should include successful compiction of an oral examination.
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PART S Other Radlological Tralning

The following anicles list training requirements that are in addition 10 other required training,

651 Muanagement Training

LANL line managers who manage, supervise, or oversee radiological control programs shall be trained in the
principles of the LANL Radiological Control Manual, Such training, provided by ESH»13, should be based on DOE
standardized core course training malcrials supplemented by LANL-specific proccdures and be completed by new
personnel before they formally assume line supervision and management responsibilitics. Incumbents should
participaie in continuing training provided by ESH-13. The continuing training should emphasize sclf-assessment
and exicrnal evaluations, including performance indicators, root causes, and lessons learned based on operational
experience,

652 Technical Support Personnel

Appropriate technical support personnel (engineers, schedulers, and procedure writers) should be trained by ESH-13
with support from the radiation protection organization in the principles of ALARA, basi¢ ALARA techniques, and
dose reduction techniques, They should also participate in selected portions of LANL-specific and specinlized
training, particularly in siwations using mock-ups.

653 Planners
Planners who develop detailed work plans involving or ussociated with radicactivity or radicactive materials should

have Radiologica) Worker training 10 the level required by the workers using the work plans, It is desizable that
planners have Radiological Worker II training.

654 Radiological Control Personnel
1. Radiological control technical staff and management should have the following,

a, A combination of cducation and expericnce commensurate with their job responsibilities

b. Continuing training bused on an assessment of job responsibilities to maintain and enhance proficiency

¢. Continuing training to remain cognizant of changes to the facility, operating experience, procedures,
regulations, and quality assurange requirements

2. Radiological support personnc! may include, but are not limited to, dosimetry technicians, instrument
technicians, medical personnel, records clerks, whole-body counter technicians, and Laboratory personnel.

3. Radiological support personnel should have the following,
a, Applicable training on standardized core course topics from Radiological Worker I'and II and RCT truining
and additional job-, facility-, and operation-specific 1opics.

b, Training appropriate to the tasks to be performed
¢. Continuing training to provide continued improvement in knowledge and skills

4, Radiological support personnel who are responsible for implementing the site ALARA program shall receive
ALARA training provided by ESH-13,

S. Certification and involvement with professional industry organizations should be encouraged.
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655 Radiogruphers und Radiation-Generating-Device Operators

Scaled source radiographers who are not working under 8 USNRC license shall be trained by the Policy and
Program Analysis Group (ESH-12) and ESH-13 in accordance with 10 CFR 34,31, Scaled source radiographers who
are working under a USNRC license arc expecied o have the required training before they arrive on the site.

Operators of rdiation-generating devices (for example, sealed source irmdiators and neutron generators) that are
uscd for nonradiographic purposes and arc capable of generating an unshiclded radiation intensity of a1 least 100
mrem in 1 hour when measured at 30 centimeters from the source should have training that is appropriate for the
radiation source involved and commensurate with the level described in 10 CFR 34,31, Operators of intentional and
incidental x-ray-gencrating devices (including x-ray radiography) shall be trained in accordance with LS107-03.0,
Accelerator training is addressed in Article 664,

656 Emergency Response Personnel

Provisions shall be in place to accommodate rapid site and radiological arca access by on-site and off-site emergency
workers such as fire fighters, medical personnel, and sccurity personnel,

1. Emergency response personnel, from both on-site and off-site, may be required 1o work in radiological arcas,

2. = Emergency response personncl should receive special radiologica) worker training, provided by ESH-13 in
cooperation with Emergency Management and Response (EM&R) in Facilitics, Secunity and Safeguards (FSS)
Division, commensurate with the situations they are likely 1o encounter, 1 CFK R3.4302()

3, = Such training should be buscd on the Radiological Worker standardized core course snd LLANL-specific
vaining materials, 19 G¥K a385.030200)

4, If such workers arc not traincd, trained escorts should be assigned.
5. Training should make it clear that saving lives has priority over radiological controls,
6. Records of this truining should be maintained by ESH-13,

657 Training for Tour Groups and Visiting Dignitaries, Scientists, and Specialists

Tour groups and visiting dignitarics, scientists, and specialists who require unescorted access 1o posted ureas other
than Controlled Arcas should complete the following training,

1. Operating organizations should establish, in coordination with ESH-13 and the radiation protection
organization, radiological control training for tour groups and visiting dignitaries, scientists, and specialists that
is commensurate with the areas they are to enter, This training is intended for individuals not performing hands-
on work,

2. Oricntation and the usc of trained escorts, with the writien concurrence of the Radiation Protection Program
manager, provide an allemative 1o gaining,

3. Training for tour groups, visiting dignitaries, scientists, and specialists should be based on the Radiological
Worker stindardized core course and LANL-specific training materials,

4. Il visiting scientists or specialists are to do hands-on radiological work while unescorted, consideration should
be given 1o providing full Radiological Worker I or 11 training, In any event, training should be commensurate
with the work 10 be performed. If limited waining is provided for limitcd tasks, methods should be established to
limit the c::l;:_grovcd work und o make other staff members aware of the limitation, such as posting a signed-off
muning »

5. %gc}?rdg of this training should be maintained by the operating organization or, through special arrangement, by
‘1 .
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658 Escort Training

1. Operating organizations arc expected to provide escort training for personnel who will escort individuals in
Controlled Areas, Radiological Buffer Arcas, or Radiological Arcas, Training includes the following topics:

a.
b.
¢
4.
<
.

Escort's ES&H responsibilitics for the visitor

Visitor and management responsibilities for radiation safety

Dosimetry requirements for the visitor

Personal clothing and protective equipment requirements for the visitor
Emergency response for the visitor

Work restrictions, if any, imposed on the visitor

2. Escorts are rcquimd to have the same level of training required of workers in the arei,

Examination is not required for specific escort training, However, the escort must be examined on the ummng

provided as a result of the Article 658.2 requirement,

Records of the training shall be maintined by the operating organization,
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PART 6 Training For Speclal Applications

661 Plutonlum Fucilities

";‘Iuj:l following topics should be considered in addition o standardized core training requircments at plutonium
acilities.

Propertics of plutonium

Special radiological surveys and techniques
External exposure control (neutrons)

Inizrmal exposure control

Containment and glove box operations and procedures
Special instruments and measurement techniques
Personnel protection

Inventory control and accountability

Criticality safety

Biological effects

Bioassay program

662 Uranium Facilities

’frhfl following topics should be considered in addition to standardized core training requircments at uranium
acilities,

Propertics of uranium

Specinl radiological surveys and techniques
External exposure control

Toxicologica) properties and behavior of uranium
Release of uranium-contaminated materials
Instruments and mcasurement lechniques
Personnel protection

Inventory control and accountability
Criticality safety

Biological effects

Bioassay program

663 Tritium Facilities
The following wopics should be considered in addition 1o stindardized core training requirements at tritium facilitics,

Propertics of Lritium

Sources of tritium .
Exposure pathways and forms of tritium
Exposurc control

Tritium containment

Special instruments and measurement techniques
Personnel protection

Inventory control and accountability
Airborne tritium measurement
Airborné¢ tritium controls

Effluent recovery systems

Tritium releases

Bioassay program

Biological effects
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664  Accelerator Fucilities

‘fl"hc:l following topics should be considered in addition to standardized core training requirements at accelerator
acilitics,

Activation products

Special radiological surveys and wechniques
Component source terms

Inierlock and warning devices and systems
Access 1o beam and beam containment

Special instruments and measurement techniques
Biological effects

Bioassay program
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PART 1 Requirements

711 Purpose

= This chngu:r conttins the Prcscribcd practices for preparing and retaining radiologically related occupational
records, 10 CFR 833401 (a)(2), W1W) Radiological control records shull be maintained as neeessary W document
compliance with the requirements of 10 CFR 835, The work force and management are required o use records o
document rudiological safety afforded to personnc! on-site. Records of radiological programs may be required 1o
support worker health studies and future disputes or claims, Therefore, these records should be high quality, readily
retrievable, stored appropriately, and managed for the prescribed retention period, Consideration should be given to
;ross-rcfc;gncing related records to aid retricvability, Records should be handled in such a way that personal privacy
is proteeted.

Information and data generated by LANL's radiation preteetion program shall be maintained in accordance with the
requircments of DOE 1324,2A, “Records Disposition,” The documentation standards contained in ANSI N13.6,
“Practice for Occupational Radiation Exposure Records System,” and DOE Order 5484,1, “Environmental
Prolcction Safety and Health Protection [nformation Reporting Requirements,” shall be followed, Records that differ
from the recommendations of ANSTN13.6 in such arcas as applicability, information content, and formulation must
be justified and documented,

712 Records Management Program

1. = Anoccupational radiological records management program shall be cstablished by the Policy and Program
Analysis Group (ESH-12), 10 CYR85201) w Thiy progrum shall ensure that auditable records and reports are
controlled through the stages of creation, distribution, usc, armungement, siorage, retricval, media conversion (if
applicable), und disposition, 10 CFR K38,702(¢)(2), 1301(¢) w The records management program should ensure that the
following records are muintiined, 1¢ CFRAST62()

a.  Occupational radiclogical policy statements

b,  Occupational radiological control procedures

¢. = Individudl monitoring records 19 CFR K38702)

d. Intemal and external dosimetry policies and procedures (including basis documents)
¢.  Personnel truining (course records and individual records)

[,  ALARA rccords

g Occupational radiological instrumentation maintenance, repair, performance test, and calibration records
h.  Occupational radiological surveys

i, Area-monitoring dosimetry results

jo  Radiological work permits

k. Occupational rudiological performance indicators and assessments

. Radiological safety analysis and evaluation reports

m. Quality assurance records

n ;s%cl??adonal radiological incident and occurrence reports (and critique reports, il applicable) 19 €FR
. v,

0. Accountability records for sealed radioaclive sources
p.  Records for release of equipment and materials to Controlled Arcas and uncontrolled arcas, as appropriate
Q. Repons of loss of radiocactive malerial

2. Where mdiological services (for example, dosimetry and laboratory analyses) are purchased, there should be a
clear agreement regarding records responsibility during performance of the service, Records of results should
reside in the custody of LANL,

3. DOE 1324.2A provides implementing instructions, records inventory requirements, disposition schedules, and
provisions for the transfer of records,
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4, = Deliled information conceming an individual's exposure shall be made available to that individual upon
request and consistent with the Privacy Act of 1974, which conwins requirements (o protect the privacy of
individual records,!® C¥K B3S.70200, Aelid)

713 Record-Keeping Standards
1. Rudiological records shall be accurate and legible. The records should include the following information.

a. ldentification of the facility, specific location, function, and process

b. Signature or other identifying code of the preparer and date

¢. Legible etries in black ink

d. Corrections identificd by a single linc-out, initialed and dated

¢. Supervisory signature 10 ensure review and proper completion of forms

It is suggested that the radiation protection organization and the line organization responsible for radiological
records sggciﬁc to their operation maintin a file of names, signatures, and initials for future identification of the
person who signed or initialed a record.

Radiological records should not include the following.

n. Opaque substances (or corrections
b. Shorthand or other nonstandard terms

Similar procedurn! standards should be cstablished {or computerized records.
== Unless otherwise specificd, the quantities used in the records required in this chapter shall be clearly

indicated in special units of curic, rad, or rem, including multiples and subdivisions of these units, S units are
not authorized for usc in the records required in this chapier, except parenthetically, 19 CFR R34
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PART 2 Employee Records

721

Employment Exposure History

= Records detailing an employee's preemplovment and cmployment history and the associated dose equivalent
quantity shall be maintaincd by ESH-12,1 CFk ®82u2(0) Where practical, the association between the appropriate dose
cquivalent quantity and job function should be preserved to cstablish trends and for futtre worker health studies, The
following information should be maintained.

1.

2.

Previous work history detiling radiological work assignments, to the extent practical, and yearly assigned dose
equivalent quantities at other DOE and non-DOE facilities

Nuclear Regulatory Commission Form 4 or equivalent that documents previous occupational dose cquivalent
quantities

Ongoing work history documcnﬁng work assignments and dose cquivalent quantitics (the facility and
occupational codes defined in DO

5484.1 should be used for this process)

When issued, DOE standardized forms o document previous and ongoing dose cquivalent quantitics

Personnel Radiological Records

= Records of doses received by all individuals for whom individual monitoring was performed shall be
maintained, 10 €T R5.7920)(b) e These records shall be sufficient o evaluaie congiliancc with all applicable
dose limits and monitoring and reporting requirements, 14 CFR R35402(h)a)702(c}(1)E), 7024d), 12910) [ndvidual
occupational internal and extemnal dose records and records of the programs used 10 assess individus) doses
shall be generatcd and maintained by ESH-12 a1 a level sufficient to provide appropriale reports 1o the
employee, management, and others requircd by applicable regulations, Current employee records should be
readily available 1o those authorized 10 have access o them, Data necessary o support or recaiculate doses at
a later date shall be maintained pursuant 10 Section 4 of ANSI N13,6, Specific data that shall be recorded and
rewained for individuals for whom monitoring is required are listed in Articles 721 through 731,

Radiation dosimetry records shall contain enough information to identify cach person, including social
security or employee number (¢.g., Z number),

= Radiation dosimetry records of routine and special exposures shall be retained for cach person monitored,
10 CFRMS.702(0)(b) m This shall include records of all numerically positive and zero dosimetry results and,
where possible, the lower limit of detection, 30 C¥R R3.702 (b)) lzroccdurcs. data, and supporting information
needed o reconfirm a persan’s dose at a later date should be maintained,

= External dose records shall inglude the following,

o ApFlicablc extremity, skin, eye, and whole-body dose results measured with personnel dosimeters,
inciuding all multiple dosimeter badging results 19 CYR BIST02(@OXIHUNINIY)

b, Evaluations relaicd 10 anomalous dosimetry results such as unexpested high or low dose equivalents
¢. = Dose reconstructions {rom lost or damaged dosimeters or for unbadged workers 19 CFR R35.763(h)
d. Evaluations of nonuniform radiation doscs.

= Internal dose records shall include the following,

a,  Applicable whole-body and lung-counting results (including chest wall thickness measurements and
other measured physical parumeters where applicable)

b. = Applicable urine, fccal, and sgecimcn analysis results, including estimated intake and identity of
radionuclides 10 CFR R5.202(c) (4Kl

¢.  Doscassessment, as rcquimd 19 CFR 835,202 (e XX )11}, 703¢b)
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6. = Records of the summation of external dose and committed dose equivalent to any organ receiving a
reportable dosc shall be maintained for the individual receiving such dose, 19 CIRREIE(eXHN

7. = Thetow! effective dose cquivalent received by each monitored individual shall be maintined for each year
the individual is monitored, 1®C¥R RSTUKINN

8 = The dose equivalent o the embryoffecus of a declared pregnant worker shall be maintained with the
- occupational exposure records {or that worker, 1# CFR DAT8{e)e)

9. = Records of lifetime occupational dosc, including cumulative total effective dose oq‘txivnlcnt since January 1,
1989, should be maintained with the individual's occupational exposure records, LY CHR DS (RSHM

10.  Counscling of persons about radiological concerns should be documented and this documentation retained, It
is desirable that the counseled person sign the documentation 1o acknowledge participation.

11, Records of authorization to excoed administrative control levels shall be retained by the requesting
organization,

12. = Emergency doses and planned special exposure shall be accounted for separately, but maintained with the
individual's occupationnl exposure records, 19 R RRIMLND, 22{n) LI01(B)

13, = Records of non-uniform dose to the skin caused by contamination on the skin need not be retained in
personne] dose records if the dose is less than 2 percent of the limit for the skin in Table 21 (see Article 723
for requirements for records of radiological incidents and occurrences), 10 CFR RSIE(h)

723 Other Personnel Radiological Records

1. = Radiation dosimctry records of radiological incidents and occurrences and the circumstances surrounding
those exposures, including the ingident reports, shall be retained by ESH-12, 10 CFR a35.72(), (0Q)

2. Records of employee radiological safety coneerns that have been formally investigated and documented should
be maintained by ESH-12,

3. =Rceords of the formal wriien declaration of pregnancy shall be maintained, 19 CFR B37%4(d) Records of
revocations of such declaration, as well as records indicating that the pregnancy has concluded (therefore, the
conditions of Article 215 do not apply), should also be maintained.

724 Medical! Records

1. Preemployment medical records, if available, and reports of periodie medical examinations should be
maintained by the Qccupational Medicine Group (ESH-2).

2. For respirator users, physical examination reports should be maintained by ESH-2 and quantitative fit-test
. results should be maintained by the Industrial Hygiene and Safety Group (ESH-5).

3. Medical evaluations, pregnancy cvaluations, and treatment performed in support of the radiological program
should be documented by ESH-2, §

4, Maintenance of records by ESH-2 related 10 nonoccupational exposure to radiation or radicactive material, such
as medical therapeutic or diagnostic rodiation, is encouraged. Where practical, maintenance of records of
preemployment nonoccupational exposure to radiation is encouraged.

T4
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725 Radiologicn) Training and Qualification Records

1.

Records of training and qualification in radiological control shall be maintained in accordance with Chapter 6
in the LANL Radiological Control Manual 10 demonstrate that a person received appropriate information to
perform the work assignment in a safc manner, Qualification standard records shall be retained for onsthe-job
and practical factor (¢,8,, donning and doffing protective clothing) training as well as for formal classroom
training,

Formal records of training and qualification (listed in paragraph 3 below) shall be readily available to first-line
supervisors and managers of involved personnel to aid in muking work assignments, .

Personne! training records shall be controlled and rewnined by the organization (¢.g. ESH-13, line organization)
sponsoring the training, The sponsoring organization is responsible for cnicring the training information into
the Employee Development System (EDS). The EDS is maintained by the Training and Development Group,
=At 2 minimum, these records shall include the following, 19 CYR &390

a, = Course tile

b,  Altendance sheets with instructor’s nume

¢. Employee's name, Z number, and signature

d.  Datc of raining 19 CFRAMSD

¢, Identification of the examination or evaluation form, including sufficient data 1o identify which test cach
person completed

f.  Verification document or record confirming satisfaction of the training requirement

Documentation related to exceptions for training requirements and extensions of qualification

Tc;u::.d quizzes, responses, and acknowledgments of Taining, with the date and signature of the person

train

i, Special instructions to femules and their supervisors concemning prenatal exposure to radiation,
acknowledged by the worker's signature

e

= Records shall be retained for the following types of training by the organization specificd in Chapter 6 in the
LANL Radiological Control Manual,

General Employee Radiological Training (GERT)
Radiological Worker I and II Training

Pcriodic retraining

Respiratory protection training

Training of radiological control personnel

Instructor training

Qualifications for special tests or operations

Oricntation and training of visitors

Training of cmergency response personnc) 10 CFR 435.764(s)

-

spmopnge

—
<

The following instructional matcrials shall be maintained by the ES&H Training Group (ESH-13) or the line
orguniz;uion. as specified in Administrative Requirement 14 in the LANL Environment, Safety, and Health
Manual,

a.  Course name, with revision and approval date

b. Instructor’s manuals, course content, ar lesson plans containing topical outlines

¢.  Video and audio instructional materials, including the dates and lessons for which they were uscd
d.  Handouts or other materials retained with the master copy of the course

. Jobespecific training documents, such as instrument use, radiological procedures, radiological work
permit special Taining requirements, pre-job briefings, and mock-up training
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6. Documentation of truining and qualification received at another
records should be given to ESH-13 for retention,

DOE location need not be duplicated. Such
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PART 3 Visttors

731 Record Requirements

-g&r ;x&g(rs) cntering an ared where radiation monitoring is required, the following records shall be maintained.
1 0

1.  Documentation of completion of radiological orientation

2. = Ruadiation dose records, including zero dosc, 19 C¥R 838:7020) These records shall be sufficient for compliance
with all applicable dose limits and moniloring and reporting requirements to be evaluaied,

732  Reports

Monitoring results, including zero dose, should be reported to cach visitor monitored in accordance with Articles
511 or 521 within 30 days, and shall be reported no luter than 90 days after the end of the visit, Dose reports should
be provided to cach employer of a visitor who is sent a dosc report, If the visitor is a DOE headquariers employee,
the dosimetry report will be sent w the Systems Safety Development Center, EG&G 1daho, as required by DOE
Order 5484.,1. 1f the exposure exceeds the radiation protection exposure standards in Chapier 2 of this manual, the
radiation dose equivalent shall be reported 10 the visitor and the visilor's employer within 24 hours after the
cxposure or within 24 hours after the expasure has been confirmed. Reports may be made by lelephone, FAX, or
Teletype. If the report is made by telephone, a printed copy must follow within 30 days.
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PART 4 Radiation Protection Program Records

741 Policies, Procedures, and Radiological Work Permits

Records of the LANL Radiation Protection Program should consist of policy stacments, procedures, stindards,
radiological work permils, and supporting data. The records should be maintained by the radintion protection
organization in a chronological scquence that will allow correlation with the corresponding support information. For
cxamrlc. procedures for performing radiation surveys should be identifiable with the survey results, Completed
radiological work permits should be mainmincdcgr the Health Physics Operations Group (ESH=1) for archiving at a
later dnte. Records of facility-specific radiological control activities (¢.g., safe operating procedures and ALARA

committee mecting minutes) are maintnined by the line organization,
Safe Operating Procedures (SOPs) shall be prepared and maintained by respcasible line organizations,

742 ALARA Records

= Records of as low as reasonably achicvable (ALARA) plans and goals shall be maintained by ESH-12 and by
operating organizations 1o demonstrate the adequacy of ALARA programs, 10 CFR 4387640 These records should
mudc the minutes of ALARA commitices and other committees where radiological safety issues are formally

743  Quality Assurunce Records

= Records of quality assurance reviews and audits developed for radiological control functions shall be retained by
ESH-12 10 ensure that sulficicnt records are specificd, prepared, reviewed, approved, and maintained o accurately
reflect completed work, 1® CFR 13874 DOE 5700,6C provides additional information regarding quality assurance

records.
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PART § Radliological Surveys

751 Recequirements

Occupational radiation protection pragrams require the perfarmance of radiation, airborne radioactivity, and
contamination surveys (o delermine existing conditions in a given location, Records shall be kept 1o document the
suitability, quality, and accuracy of monitoring methods, techniques, and procedures used during any given period
pursuant 1o Section 6 of ANSI N13.6, = Workplace changes in monitoring cquipment, lechnic]ucs_. and procedures
are to be documented and the documents maintiined by the radiation prolection organization, 19 CFR R3s7edle)

= Records that eswblish the conditions under which individuals were cxposed, such as facility radiological
conditions (as gencrated by the monitoring pro $) and surveys for releasing personal property and workplace
surfaces from more stringent mcluirc_mcm.s'. shall be kept by the radiation protection organization to provide a
chronological historical record, 16 CFR 8870 Thege records shall be maintained pursuant 1o Scction S of ANSI
N13.6. Fucility and room survey maps with sufficient detail Lo permit identification of original survey and sampling
locations should be maintained by ESH-1, Records shall contain sufficient detail to be meaningful even after the
originator is no longer available, Radiological surveys should be recorded on appropriate standard forms and include
the following common elements.,

1. Date, time, and purpose of the survey

2. General and specific location of the survey

3. Nuame and signature of the surveyor and radiological control technician supervisor

4, Pertincnt information needed to interpret the survey results

5. Reference to a specific radiological work permit or SOP if the survey is performed to support the permit or SOP

752 Radiation Surveys

=In addition Lo the clements provided in Anticle 751, records of radiation surveys shall include, at a minimum, the
following information,}9 CFK R35.703()

1. Instrument model and serial number

2. = Results of the measurements of arca dose cquivalent rates 19 C¥R RS20 m)

753  Airborne Radioactivity

=In addition to the clements grpvidcd in Article 751, records of airbome radioactivity shall include, at 4 minimum,
the following information, 19 CFR R35.20(s)

1. Modcl and seriad numbers of the sampler und luboratory counting instrument when available or unique
identifiers of cach sumpler and instrument

[ £

Location of fixed-air samplers
Location of portable air samplers used for a survey

= Air concentrations in gencral airbome arcas and breathing zones 10 CFR WS70(s)n)

v s W

Supporting parameters, including colleetion efficiency, low rate, duration of sampling, correction fuctors, and
filtler medium,
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754 Contamination Surveys

= In addition W the clements rcauu'od by Article 751, records of contamination surveys shall include, at a minimum,
the following information, 1® CFK 838.783(s)

1.  Model and serial number of counting equipment

= Contamination levels (using appropriate units) and appropriate supporting parameters including counting
cfficiency, counting time, correction factors, type of radiation, and whether the contamination was fixed or
removable 1 CFK 58730)

3, Location of areas found to contain hot particles or high concentrations of localized contamination

[

4,  Follow-up survey results for decontumination progesses cross-referenced to the original survey

7-10
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Radiological Records Chapter 7

PART 6 Instrumentation and Calibratlon Records

761 Calibration und Performance Tests

1, = Culibration records for fixed, portable, and laboratory radiation-measuring cquipment and individual
monitoring devices shall be mainwined by the Health Physics Measurements Group (ESH<4) and include
frequencics, method, dates, personnel, training, and traccability of calibration sources 10 National Institute of
Science and Technology (NIST) or other accepable standards, 10 CFR 03.203)(1)

8

= Calibration records shall be maintained for the following cquipment,

Portable survey instruments

F

b, = Bioassay measurement cquipment 19 CFR RSXQ)

¢,  Labomtory, counting room, and fixed radiation-measuring equipment

d.  Process and cffluent monitors and sampling cquipment

¢.  Radiation area monitors

f{, Porial monitors and other personnel contamination monitors

g = Pocket and clectronic dosimeters 10 CFR RS70Md)2)

h,  Adr-sampling equipment for workplace monitoring and suick ¢ffluent monitoring
i,  Tool-and wasic-monitoring cquipment

jo = Protective clothing and equipment monitors 10 CFR R870Xd)1)

3. Documentation af insrument operational checks shall be maintined for a period not less thun the ealibration
period of the instrument,

4, = Maintenance historics, including the nature of any defects, corrective actions aken, and calibration resulis
for each instrument that is pan of the occupational radiation protection program, shall be generated and
retained b)’ ESH, 19 CFRO570Md)(1)

762 Special Calibration Records

Records of additional tests and checks of instrumentation used in conjunclion with a suspecied overexposure,
questionable indication, or unusual occurrence shall be retained by ESH-4, In addition, records of special instrument
calibrations and medifications made in accordiince with Article 562.6 shall be retained by ESH-4,

7411
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PART 7 Records Management

771 Media

A combination of media may be used for a comprehensive records sysiem, For records that have lun§-wm relention
requirements and are stored on media subject 1o degradation or obsolescence, the records system shall provide for
conversion 1o a more stable medium. All records shall be stored in @ manner that ensures their integrity,
retricvability, and security,

772 Microfilm

Records may be microfilmed provided that the resulting film copy is capable of producing a ¢lear, legible copy after
?cing stored for the specified period. The following controls shall be administered by the organization responsible
or the records.

1. Verification that the resultant copy is legible
2. Confirmation that all printed sides are copied
3. Periodic quality audits of the final filmed copy

773 Computerization of Records

1. Records may be transferred W magnetic storage media provided that certain precautions arc taken by the
org:lx_nizaugn responsible for the records to ensure that the information is maintained in a retricvable
configuration,

2. Controls for the use and handling of magnetic storage media should include the following,

a. A master index of documents on the magnetic storage medium

b, A program to ensure back-up and retrievability of information

¢, Quality control during dats entry and analysis

d. Anindex identilying softwarc applications used in conjunction with the data

¢, Software validation and verification as specified in DOE 1330.,1C, “Computer Software Management™

f. Periodic quality audits of software

g. Preventon of unauthorized manipulation of daw

h. Assurance that previously stored information is retricvable and usable after system modifications by
moving the data to contemporary medig/sysiems, if necessary

3. Optical disks may be used to archive records if the optical disks satisly the following.

a. They provide a reliable system to prevent overwriling or erasure of records.
b, Software and user controls are consistent with Article 773.2,

¢. Manufacturer recommendations relating to software control, disk life expectancy, environmental storage
conditions, and maintenance are incorporated into policies and procedures.

d. Quality controls on the copying and imaging processes are consisient with Article 772
¢. Previously stored information is retricvable and usable after system modifications by moving the data to
contemporary media/systems, if hecessary,

12

|




LANL RADIOLOGICAL CONTROL MANUAL December 23, 1994
Radiclegical Records Chapter 7

774 Retention

1.

= DOE 1324.2A and 10 CFR 835 deseribe ipx’o«r.c:dux‘v:s for retaining records, Upon cessation of activitics that

could result in the occupational exposure of individuals, all required records shall be transferred to DOE,1#CFR
DM {h),792{n)

Once a record has been created, reviewed, and signed by the appropriate supervisors, the record is considered
complete and shall not be modified. Subscquent errors identified in a completed record may be corrected by
creating a supplemental record that includes traceability for the correction,

775 Physicul Protection of Records

1'

)
s

3!

Methods for protccting documents, consistent with DOE 132424, should include vaults, file rooms with fixed
fire suppression, fire rated cabinets, duplicate storage, or combinations of these,

Storage arrangements should address physical damage that could be caused by temperature extremes, moisture,
infestation, clectromagnetic fields, excessive light, stacking, theft, and vandalism,

Records should, as a minimum, be protected from the following,

a.  Exposure 10 fire, cquivalent 10 an Underwriters Laboratorics 1.5-hr, or greater, fire resistance rating
b. Exposure 10 water damage causcd by a 100-year (lood
¢. Exposure 0 windstorm velocities of 100-year recurrences

7-13
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PART 8 Radlological Reporting

781 Reports to Individuals

1. = Personnel who arc monitored by the personnel dosimetry program shall be provided an annual report of their
dose, 1* CYR R3I010 m Upon request, an individual shall receive a current radiation dose record, 1® CFr Qs

2. = Upon the request from an individual terminating employment, records of exposure shall be &cn 10 that
individual as soon as the data are available, but not later than 90 days after iermination, 19 CFX RsSe10) w]f

Qq&f.‘ffﬁfd' a writien estimate based upon available information shall be provided upon termination, ¥R

3. =Reports of individual doses shall include the name of the laboratory, the individual’s name and social
secunity or cmployee number, and all dose information required by Article 722, 1#CFR K35.301(s)

4, = Reports of individual exposure to mdiston or radioactive materials required under DOE 5000.3B oras a
result of a planned specind cxposure 19 CFR 83284 () shnl) be submined to the de ent in accordance with
departmental occusTenee reporting requirements, 19 CFR Rs2e4(exn, 262(e)2), M1(v, 1410Xe) we Copics of the
individunl dose information contained in these reports shall be provided to the affected individual at a time not
Iater than transmittal of the report 1o the department, 19 CFR 833.8011)

782 Annual Radlution Report

DOE 5484,1 provides reporting requirements for the “Annual Radiation Dose Summary.” This report includes
internal and external radiation dosc equivalent results for monitored DOE and LANL employecs, subcontract
employees, and visitors, ESH~12 preparcs the Radiation Exposure Information Reporting System (REIRS) report in
accordance with the directions provided in DOE Order 5484.1 and sends it 1o the Systems Safety Development
Center, EG&G Idaho, by March 31 of cuch year,

783 Reports to Linc Organizations and Radintion Protection Groups

ESH-12 shall provide records of monthly radiation exposures of individuals to all operating groups and line
organizations for the individuals in their organizations, and to the mdiation protection groups assigned 10 support
those organizations. Line managers should use these monthly exposure reports in their individual exposure control
and ALARA programs,
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Laboratory Documents that implement the LANL Radlologicat Control Manual

Article Document Document Title Revision
Number Number
113 LP107.03.0 “Requesting Deviations from LANL Radiological Control Manual 0
‘Should’ Provisions™
127 L.P107-01.0 Laboratory Procedure LP107-01.0, “Notification and Reporting of 0
Rudiolopical Incidents”
128 LP107-12.0 “Reviewing Radiological Enginecring Designs” 0
LP107.13.0 “ALARA Reviews of Radiological Designs”
132 1.5107.05.0 “Radiological Performance Gouls Program” 0
134 AR 1.5 “Environment, Safety, and Health Audits and Appraisals” 0
138 PED107-01.0 | “Occupational ALARA Program” 0
LS107.05.0 “Radiological Performance Goals Program" C
LS$107-08.0 “Radiological Administrative Control Lavels” 0
LP107-09.0 “ALLARA Revicws of Radiological Jobs” 0
LP107-13.0 “ALARA Recviews of Radiological Designs” 0
211 LP107.08.0 “Radiological Administrtive Control Levels” 0
231 1.5107.02.0 *“Radiologica} Posting” 0
236 LS107-02.0 “Radiological Posting” 0
312 LP107-09.0 “ALARA Reviews of Radiological Jobs.” 0
314 ESH-1.02-11 “Temporry Shielding” 0
316 ESH-1.03-03 | “Using Portable Containment Sysiems” 0
ESH.1.08.01 “Respiratory Protection Procedure” 0
323 LP107-02,0 “Handling Radiological Work Permits™ 0
224 1.P107.09.0 “ALARA Reviews of Radiological Jobs" 0
337 ESH-1.03-01 | “Contamination Control Standard”™ 0
k2D LP-106-01.1 “LockouyTagout for Control of Hazardous Energy Sources for
Personncl Safety (Red Lock Procedure)” 1
LP-106-02.0 | “Lockout/Tagout for Control of Equipment and Systems Status
(Blue Lock Procedure)” 0
344 LP107-09.0 "ALARA Reviews of Radiological Jobs” 0
348 DP 116 “Stop Work and Restart” 0
LP116-01.0 “Stop Work nnd Restan” 0
346 ESH.1-09-01 | “Emergency Response Stndarg” 0
ESH-1-09.03 | “Responding to Acute Exposure™ 0
ESH-1-09-04 | “Responding to Radicactive Materiul Spills” 0
£SH-1.09.05 | “Responding to External Personnel Contamination® 0
ESH-1.09-06 | “Responding to CAM Alarms” 0
ESH-1-09-07 | “Responding to ARM Alarms” 0
DOE document | Spill Prevention Control and Countermeasure (SPCC) Plan for
Los Alamos National Laboratory 2
347 AR 12-1 "Personal Protective Equipment” 0
348 ESH.1-04.04, [ “Hot Panticle Control Standard” 0
3152 LP107-09.0 "ALARA Reviews of Radiolopical Johs” 0
364 LP107.01.0 “Accelerntor Access Control Svstem™ 0
365 1.5107-03.0 "“X.Rav-Generating Devices” 0
422 LP107.04.0 “Documenting Equipment and ltem Removal™ 0
442 DP1QS “Hazardous and Radioactive Waste Management” Q
AR 10-8 “Waste Minimization” 0
522 [ LS§107-11.0 “Radiation Dasimetry Monitorine Standard” 0

Appendix-1
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GLOSSARY

abnormal situation: Unplanned event or condition that adversely affects, potentially affects or indicates
degrudation in the safety, security, environmental or health protection performance or operation of a facility,

activation: Process of producing a rudioactive material by bombardment with ncutrons, protons or other nuclear
particles.

admibistrative control level: A numerical dose constraint established at u level below the regulatory limits
sdministratively control and help reduce individual and collective dose.

airborne radioactivity: Radicactive matcrial in any chemical or physical form that is dissolved, mixed, suspended,
or otherwise entrained in air,

airborne radiouctiﬁty arep: Any ared where the concentration of airbome radiouctivity, above naturn)
background, exceeds or is likely 10 exceed 10 percent of the derived air concentration (DAC) values, DAC values
are contained in Appendices A and € of 10 CFR 835,

unnual limit on intiake (ALI): The derived limit for the amount of radioactive material taken into the body of an
adult worker by inhalation or ingestion in a year, ALI is the smaller value of intake of a given radionuclide in a year
by the reference man (ICRP Publication 23) that would result in o commitied effcctive dose equivalent of § rems
(0.05 sicvert) or a committed dose equivalent of 50 rems (0.5 sievert) w any individual organ or tissue,

As Low As Reasonably Achievable (ALARA): An approach 10 radiological control to manage and control
exposures (individual and collective) (o the work force and 1o the general public at levels as low as is reasonable,
taking into account social, echnical, cconomic, practical and public policy considerations, As used in this Manual,
ALARA is not a dose limit but a process that has the objective of atnining doses as far below the applicable
controlling limits as is rcasonably achievable.

ALARA Commitice: Multdisciplined forum that reviews and advises management on improving progress toward
minimizing radiation exposure and rdiological releases.

assessment: Evaluation or appraisal of a process, program or uctivily 1o estimate its acceptability,

background radiation; Radiation from

(1) Naturally occwrring radicactive materials which have not been technologically enhanced;

(2 Cosmic sources;

G) Global fallout as it exists in the environment (such as from the testing of nuclear explosive
devices):

@ Radon und its progeny in concentrations or levels existing in buildings or the environment which
have not been clevated as a result of current or prior activilies; and

(5) Consumer products conlining nominal amounts of radicactive material or producing nominal
amounts of radiation,

becquerel (Bq): The International System (ST) unit for activity of radioactive material, One beequerel is that
quantity of radioactive matcrial in which onc atom is transformed per second or undergoes one disintcgration per
second,

bioassay: The determination of the kinds, quantitics, or concentrations, and, in some cascs, locations of radiouctive
material in the human body, whether by direct measurement or by analysis and evaluation of radicactive materials
excreted or removed from the human body.

calibration: The process of adjusting or determining cither '
¢)] The response or reading of an instrument relative to a standard (c.g., primary, secondary, or
tertiary) or 1o o series of conventionally true values; or

Glossary-1
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) The strength of a radiation source relative to a standard (e.g., primary, secondary, or tertiary) or
cenventionally true value,

company-issued clothing: Clothing provided by the company, such as work coveralls and shoes. For radiological
control purposes, company-issucd clothing shall be considered the same as personal clothing.

containment device: Barrier such as a glovebag, glovebox or tent for inhibiting the release of mdioactive material
from a specific location,

contumination area: Any arca where contamination. Jevels are greater than the values specified in Chapter 2, Table
22, but Jess than or equal 10 100 times those values,

contamination reduction corridor: A defined pathway though a hazardous waste site contamination reduction
zone where decontamination occurs,

continuing training: Training scheduled over a specificd time such as over a two-year period for the purpose of
maintaining and improving technical knowledge and skills,

continuous air monitor (CAM): Instrument that continuously samples and measures the levels of airborne
radioactive materials on a "realstime” basis and has alarm capabilitics at preset levels,

contractor senjor site executive: The person at a DOE contracioroperated facility or site who has {inal on.site
corporate authority and is often called President, General Manager, Site Manager or Director.

controlled area: Any area to which access is managed in order to protect individuals from exposure to radiation
and/or radioactive materials, Individuals who enter only the controlled area without entering radiological areas are
not expected to receive a wtal cffective dose equivalent of more than 0.1 rem (0,001 sievert) in a year,

conventionally true value of a quantity: The commonly accepied, best estimaie of the true value of a quantity,
The conventionally true value and the associated uncertainty will normally be determined by comparison with a
national or tansfer standard, using a reference instrument that has been calibrated against a national or transfer
standard,

counseling: Advice, information exchange and guidance provided to employees on radiologically related topics,
such as dose perspectives: potential health effects from radiation exposure; skin contaminations: contaminated
wounds; internally deposited radicactivity; pregnancy; and radiation exposure. This advice and guidance is
normally provided by knowledgeable, senior professionals from the Radiological Control Organization and other
organizations, such as Medical, as appropriate,

critical mass: The smallest mass of fissiunable material that will support a sclf-sustaining chain reaction under
specified conditions.

critique: Mectings of personnel involved in or knowledgeable about an event (either o success or an abnormal
cvent) 1o document a chronological listing of the facts,

declared pregnant worker: A woman who has voluntarily declared o her employer, in writing, her pregnancy for
the purpose of being subject to the occupational exposure limits (o the embryo/fetus as provided in Article 218,

decontaminution: Process of removing radigactive contamination and materials from personnel, equipment or
areas,

deposition, new confirmed: A deposition of radicactive material in the body or any organ or lissue of an individual
identificd during the current reporting period, confirmed through bioassay results to be greater than the site-
determined reportable level,

Glossary-2
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derived 2ir concentration (DAC): For the mdionuclides listed in Appendix A of 10 CFR 83§, the airbomne
concentration that equals the ALY divided by the volumc of air breathed by an average worker for o working year of
2000 hours (assuming a breathing volume of 2400m3 ), For radionuclides listed in Appcndxx C of 10 CFR 83§, the
air immersion DACs were caleulated for a continuous, non-shiclded exposure via immersion in a semi-infinite
atmospheric cloud. The values are based upon the derived airborne concentration found in Table 1 of the U, S,
Environmenta Protection Agency's Federal Guidance Repont No, 11, Limiting Values of Radionuclide Intake and
AirConcentration and Dose Conversion Factars for Inhalation, Submersion. and Ingestion, published Sepiember
1988,

disintegration per minute (dpm): The raie of emission by mdioactive materinl as determined by correcting the
counts per minute observed by an appropriate detector for background, efficiency, and geometric factors associated
with the instrumentation,

DOE activity: An activity taken for or by the DOE that has the potential to result in the occupational cxposure of
an individual to radiation or radioactive material, The activity may be, but is not limited to, design, construction,
operation, decontamination or decommissioning, To the exient appropriate, the activity may involve a single DOE
facility or operation or a combination of facilitics and operations, possibly including an entire site,

DOELAP: Department of Energy Luaboratory Accreditation Program for personne! dosimetry under DOE 548015,

dose: The amount of cnergy deposited in body tissue due 1o radiation exposure. Various technical terms, such as
dose equivalent, effective dose equivalent and collective dose, are used 1o evaluate the amount of radiation an
cxposed worker receives. These terms are used to describe the differing interactions of radintion with tissuc as well
us (o assist in the management of personne) exposure to radiation.

Some types of radiation, such as neutron and alpha, deposit their cnergy more denscly in affected
tissue than gamma radiastion and thereby causing more damage to tissue. The term dose
equivalent, measured in units of rem, is used to take into account this difference in tissue damage.
Therefore 1 rem (rom gamma radintion causes damage equivalent o 1 rem from alpha radiation,
However, it takes oncetwenticth as much encrgy from ulpha radiation, as compared with gamma
radintion, to produce this 1 rem dose equivalent,

Definitions for dosc terms nceessary for various exposure calculations and record-keeping purposes include

the following:

absorbed dose (D): Energy absorbed by maucr from ionizing radiation per unit mass of
irradiated material at the place of interest in that material, The absorbed dose is
expressed in units of rad (or gray) (1 rad = 0,01 gray),

collective dose: The sum of the total effective dose equivalent values for all individuals in a
specified population, Collective dosc is expressed in units of personsrem (or personesicvert),

committed dose equivalent (H gg): The dose equivalent caleulated to be received by a

tissuc or orgin over a 50-ycar period after the intake of a radionuclide into the body, It
does not include conmbuuons from radiation sources external 1o the body. Committed
dose equivalent is cxprcsscd in units of rem (or sievert),

committed effective dose equivalent (Hg 50): The sum of the commitied dose
cquivalents to various tissues in the body (H sg), cach multiplied by the appropriate
weighting factor (wer) - that is Hg sgZwrHT 50, Commitied cffective dose equivalent
is expressed in units of rem (or sievert).
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cumulative total effective dose equivalent: ‘The sum of the total effective dose equivalents
recorded for an individual for cach year of employment at a DOE or DOE contractor sile or
facility, cffective January 1, 1989,

deep dose equivalent: The dose equivalent derived from external radiation at a tissue depthof 1
¢m in tissue,

dose equivalent (H): The product of the absorbed dose (D) (in rad or gray) in tissue, a
quality factor (Q), and all other modifying factors (N). Dose cquwalcm is expressed in
units of rem (or sicvert) (1 rem = 0,01 sievert),

effective dose equivalent (Hp): The summation of the products of the dosc equivalent
received by specified tissues of the body (Hp) and the appropriate weighting factors
(W) - that is (Hg « SWerHT). Itincludes the dose from radiation sources internal
npd/or)cxxmnl 1o the body. The effective dose equivalent is expressed in units of rem (or
sievert).

external dose or exposure: That portion of the dose equivalent received [rom radiation sources
outside the body (e.g., "external sources”™),

interna! dose or exposure: That portion of the dose equivalent received {rom radioactive
material taken into the body (e.g.. “internal sources™),

Jens of the eye dose equivalent: The external exposure of the lens of the eye and is taken as the
dose cquivalent at a tissue depth of 0.3 em,

quality fuctor: The principal modifying fuctor used 1o calculaie the dose equivalent from the
absorbed dose: the absorbed dose (expressed in rad or gray) is multiplied by the appropriate
quality factor (Q).

shallow dose equivalent: The dose cquivalent deriving from external radiation at o depth of
0.007 cm in tissue,

tots! effective dose equivalent (TEDE): The sum of the effective dose equivalent (for external
exposures) and the committed effective dose equivalent (for intemal exposures). Deep dose
cquivalent to the whole body may be used as effective dose equivilent for external exposures.

weighting factor (wep): The fraction of the overall health risk, resulting from uniform,

whole body irradiation, attributable 1o speeific tissue (T). The dose cqmvnlcnt 10 the
affected ussuc, He, is multiplicd by the approprinte weighting factor to obtin the

effective dose equivalent contribution from that tissue,

whole body: For the purposes of external exposure, head, trunk (including male gonads), arms
above and including the ¢lbow, or legs above and including the knee.

dose assessment: Process of delermining rudiological dose and uncertainty included in the dose estimate, through
the use of exposure scenarios, bioassay results, monitoring data, source lerm information and pathway analysis,

embryo/fetus: Developing human organism {rom conception until birth. Same as unbom child,

engineering controls: Use of components and sysiems to reduce airborne radioactivity and the spread of
contamination by using piping, containments, ventilation, filtration or shiclding.

Glossary-4
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entrance or uccess point: Any location through which an individual could gain access to areas controlled for the i

purposcs of radiation protection. This includes entry or exit portals of sufficient size to permit human entry, o
irrespective of their intended use, ;

extremity: Hands and urms below the elbow or fect and legs below the knee.

facility: For the purpose of this Manual, a facility includes systems, buildings, utilities, and related activities whose
usc is dirceted W a common purpose at a single location. Example include: accelerators, siomge areas, test loops,
nuclear reactors, radicactive waste disposal sysiems and burial grounds, testing labortories, rescarch laboratories,
and accommodations for analytical examinations of components. Also includes: pipelines, ponds, impoundments,
landfills and the like, and motor vehicles, rolling stock, and aircraft,

filter integrity test: Test performed on High-Efficiency Particulate Air (HEPA) filiers to identify any &magc 10
the filter or leakage around the filter,

fixed contamination: Radioactive material that cannot be readily removed from surfaces by nondestructive means,
such as casual contact, wiping, brushing or laundering,

flash X-ray unit: Any device that is capable of generating pulsed X-rays.

frisk or frisking: Process of monitoring personnel for contamination, Frisking can be performed with hand-held
survey instruments, automated monitoring devices or by n Radiological Contro! Technician,

general employee: An individual who is cither a DOE or DOE contractor employee; an employee of
subcontractor to a DOE contractor; or a visitor who performs work for or in conjunction with DOE or utilizes DOE
facilities,

gestation period: The time from coneeption to birth, approximately 9 months,
gray (Gy): SIunitof absorbed dose. One gray is cqual o an absorbed dose of 1 joule per kilogram (100 rads),

high-efTiciency particulate air (HEPA) filter: Throwaway cxtended pleated medium dry-type filter with 1) a rigid
casing enclosing the full depth of the pleats, 2) a minimum particle removal cfficiency of 99,97 percent for thermally
generated monodisperse di-octyl phlalate smoke particles with a diameter of 0.3 micrometer, and 3) a maximum
pressure drop of 1.0 inch w.g. when clean and operated at its rated airflow capacity,

high contamination area: Any arca where contamination levels are greater than 100 limes the values specified in
Chapter 2, Table 22, of this Manual,

high radiation area: Any arey, aceessibie 1o individuals, in which radiation levels could result in an individual
receiving a deep dose cquivalent in excess of 0.1 rem (0,001 Sv) in 1 hour at 30 centimeters from the radiation
source or from any surface that the radiation penetrates.

hot purticle: Fuel, activated corrosion product, or other particies of small size that have a high specific activity as a
result of nuclcar fission or neutron activation.

hot spot: Localized source of radiation or radioactive material normally within facility piping or cquipment. The
radiation Jevels of hot spots exceed the general area radiation level by more than a factor of § and are greater than
100 mrem (1 mSv) per hour on contact.

infrequent or first-time activities: Radiological work activitics or operations that require special management
attention and consideration of new or novel radiological controls, The designation of infrequent or first-time
activities is specifically applicable 10 facilities that conduct routine and Jecurring process operations, and is not
applicable to facilitics that routinely conduet first-time activities, such as experimental or research facilities,
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irradintor; Sealed radioactive materinl used o irradinte other materials that has the potential to create a radiution
level exceeding S00 rad (S grays) in 1 hourat 1 meter, Although not addressed in this Manual, acgeptable
radiological controls for irradintor use are specified in Title 10, Code of Federal Regulations, Part 20.1603.

lifetime dose: Toual occupational exposure over & worker's lifetime, including external and committed internal
dose,

lowslevel waste: Waste that contains radicactivity and is not classified as high-leve! waste, transuranic waste, spent
nuclear fuel or byproduct material as defined in Section 11¢(2) of the Atomic Energy Act, as amended. Test
specimens of fissionable material irradiated only for rescarch and development and not for production of power or
plutonium may be classified as low-level waste provided the concentration of ransuranic activity is Jess than

100 nCi/g,

mixed waste: Waste containing both radioactive and hazardous components as defincd by the Atomic Energy Act
and the Resource Conservation and Recovery Act, respectively.,

monitoring: Actions intended to detect and quantify radiological conditions.

nuclear criticality: A self-sustaining chain reaction, i.e., the state in which the effective neutron multiplication
constant of sysiem of fissionable material cquals or exceeds unity,

occupational dose: An individual's dose duc to exposure (0 ionizing radiation (extemal and internaf) as a result of
that individual's work assignment, Qccupational dose does not include planned special exposures, exposure received
s a medical patient, background radiation, or voluntary participation in mediceal rescarch programs,

personnel dosimetry: Devices designed to be worn by a single person for the assessment of dose cquivalent such
as film badges, thermolumineseent dosimeters {TLDs), and pocket ionization chambers,

personnel monitoring: Systematic and periodic estimate of radiation dosc received by personnel during working
hours, Also, the monitoring of personnel, their excretions, skin or any part of their clothing 10 determine the amount
of radioactivity present.

personal protective equipment: Equipment such as respiraiors, face shields and safety glasses used to protect
workers from excessive exposure to radioactive or hazardous materials,

planned special exposure; Preplanned, infrequent exposure 1o radiation, separate from and in addition o the
annual dosc limits,

?IrEemml: Filter that provides first stage air filtration to remove larger particulates and prolong the efficient use of a
PA filtcr, .

prenatal radiation exposure: The exposurce of an embryo/fetus to radiation,
primary dosimeter: A dosimeter womn on the body used 10 obtain the formal record of whole body radiation dose,

protective clothing: Clothing provided 1o personnel to minimize the potential for skin, personal and company
issued clothing contamination, Also referred to as “anticontamination clothing,” “anti-Cs" and “PCs,”

~ public: Any individual or group of individuals who is not occupationally exposed 10 mdiation or radioactive
material, An individual is not a "member of the public” during any period in which the individual receives an
occupational dose.

qualiﬁéntion standard: The explicit performance requirements for minimum proficiency in technical, academic,
and site-specific knowledge and practical skills used in determining satisfactory completion of training programs.
The qualification standard is used to qualify radiological control technicians (RCTs) at DOE facilities,
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rad: Unit of absorbed dose. One rad is cqua) to an absorbed dose of 100 ergs per gram or 0,01 joules per kilogram
(0.01 gray).

radiation or ionizing radiation: Alpha particles, beta particles, gamma rays, X-rays, ncutrons, high-speed
clectrons, high-speed protons, and other particles capable of producing ions, Radiation as used in this manual does
not include non-ionizing radiation, such as radio-, or micro-waves, or visible, infrared, or ultraviolet light.

radiation ares: Any area, accessible to individuals, in which radiation levels could result in an individual receiving
a deep dose cquivalent in excess of 0,005 rem (0,05 mSv) in one hour at 30 centimeters from the radiation source or
from any surface that the radiation penctrates.

radioactive material: For the purposes of this Manual, radioactive material includes any material, cquipment or
system component determined 10 be contaminated or suspected of being contaminated, Radioactive material also
includes activatcd material, sealed and unsealed sources, and material that cmits radiation.

radioactive materin! area; An arca or structure where radioactive material is used, handled or stored,

radiouctive waste: Solid, liquid or gascous material that contains radionuclides regulated under the Atomic Energy
Act, as amended, and is of negligible cconomic value considering the cost of recovery,

rudioactivity: A naturdl and spontancous process by which the unstable atoms of an element emit or radinte excess
energy from their nuclei snd, thus, change (or decay) to atoms of a different clement or 10 a lower energy state of the
same ¢lement,

radiography: Examination of the structure of materials by nondestructive methods, using a radioactive source ora
radiation generating device,

radiological area: Any area within a controlled arca (but not including the controlled area) which must be posted as
required by Chapter 2, Part 3 of this Manual,

radiological buffer srea (RBA): A intermediate area established o prevent the spread of radioactive
contamination and to protect personne! from radiation exposure.

radiological control hold point: Cautionary step in a technical work document requiring the radiological control
organization 1o perform some action or verification, The radiological control hold point requirements should be
satsfactorily completed before the work is continued,

radiological label; Label on an item which indicates the presence of radiation or radioactive materials,

radiological posting: Sign, marking, or labe! that indicates the presence or potential presence of radiation or
radicactive matcrials,

radiological work: Any work that requires the handling of radioactive material or which requires access 1o
Radiation Arcas, High Rudiation Arcas, Contamination Arcas, High Contamination Areas or Airbome Radioactivity
Arcas,

radiotogical work permit (RWP): Permit that identifics radiological conditions, ¢stablishes worker protection and
monitoring requirements, and contains specific approvals for radiological work activities, The Radiological Work
Permit scrves as an administrative process for planning and controlling radiological work and informing the worker
of the radiological conditions,

radiological workers: General employees who are required to complete Radiological Worker I or 1 training
because their job assignment requires work on, with, or in the proximity of radiation producing machines or
radionctive materials. A radiological worker has the potential of being exposed to more than 0.1 rem (1 mSv) per
year, which is the sum of the dose equivalent from external irradiation and the commiticd effective dosc cquivalent
from interal irradistion. A "radiological worker” may also be referred to as a "radiation worker” or a "radworker.”
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Individuals who complete cither Radielogical Worker I or Radiological Worker II Training are considered
radiological workers.

refresher training: Training scheduled on the alternate year when {full retraining is not completed for Radiological
Worker I and Radiological Worker I personnel,

release to uncontrolled areas: Release of material from administrative control after confirming that the residual
radioactive material meets the guidelines in DOE 5400.5,

rem: Unit of dose equivalent, Dose equivalent in rem is numerically cqual to the ubsorbed dose in rad multiplied
by a quality factor, distribution factor and any other necessary modifying factor (1 rem = 0,01 sieveny),

removable contamination: Radioactive materinl thut can be removed from surfaces by nondestructive means, such
as casual contact, wiping, brushing or washing.

representative snmplc. A sample that closely approximates both the concentration of activity and the physical and
chemical propertics of material {e.g., particle size and solubility in case of air samplmg of the aerosol to which
workers may be exposed).

respiratory protective equipment: Equipment used o protect personne! from inhalation of radiocactive or
hazardous matcrials,

sievert (Sv): SIunit of any of the quantitics expressed as dose equivalent. The dose equivalent in sicvents is equal to
the absorbed dose in grays multiplied by the quality factor (1 Sv w 100 rems).

site: Anarca managed by DOE where access can be limited for any reason. The site boundary encompasses
Controlled Areas,

sealed radionctive source: Rodioactive material that is conmmcd in a sealed capsule, sealed between layer(s) of
nonradioactive material, or firmly fixed to a nonradioactive surface by electroplating or other means, The confining
barrier prevents dispersion of the radioactive material under normal and most acgidental conditions related to use of

the source.,

standard radiation symbols: Symbols designed und propontioned us illustrated in accordance with ANSI N2.1 for
radiation symbols and ANSI N12.1 for fissile material,

step-off pad: Transition arca between contaminated and nonscontaminated areas that is used to allow exit of
personnel and removal of equipment,

sticky pud: Stcp-off pad provided with a tacky surface to reduce the poiential for inadvertently tracking
contamination out of a contaminated area,

survey: An evaluation of the radiological conditions and potential hazards incident to the production, use, transfer,
release, disposal, or presence of radiocactive material or other sources of radiation, When appropriate, such an
cvaluation includes a physical survey of the location of radicactive material and measurements or ¢alculations of
levels of radiation, or concentrations or quantities of radioactive material present,

technical work document: A term used to generically identify formally approved documents that direct work, such
as procedures, work packages, or job or rescarch plans,

thermoluminescent dosimeter (TLD): Rudiation monitoring device used to record the radiological exposure of
personne! or areas 1o certain types of rudiation,

transuranic waste: Without regard 10 source or form, waste that is contaminated with alpha-emitting transuranic
radionuclides having half+lives greater than 20 years and concentrations greater than 100 nCi/g at the time of assay.
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unusual occurrence: Nonemergency occurrence that has significant impact or potential for impact on safety,
environment, health, seeurity, or operations, Examples of the types of occurrences that are to be categorized as
unusual occurrences are contained in DOE 5000.3A.,

very high radiation area: Any arca, accessibic to individuals, in which radiation levels could result in an
individual recciving an absorbed dosc in excess of 500 rads (S grays) in one hour at 1 meter from a radintion source
or from any surface that the radiation penetrates.

visitor: Person requesting access 1o Controlled Areas who has not been trained to the level required (o permit
unescorted access,

whole body dose: The sum of the annual deep dose equivalent for cxiernal exposures and the commitied effective
dose equivalent for internal exposures,

year: The period of time beginning on or near January 1 used 1o determine complianee with the provisions of this
Manual, The stanting date of the year used (o determine compliance may be changed provided that the change is
made at the beginning of the year and that no day is omitted or duplicated in consequtive years,
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REFERENCES
The following references contain additional information pertinent to the pravisions incorporated in this manual, The
eiting article is noted in brackets ([ 1) following cach reference, Sec "Additional References” for addresses of
organizations,
FEDERAL
Atomic Energy Act of 1954, as amended. Public Law 83-703, [112.1]
Resource Conservation and Recovery Act of 1976, as amended, Public Law 94580, [443]

52 FR 1716 "Radiation Protection Guidance to Federal Agencies for Occupational Exposure,” signed by President
Reagan, January 20, 1987, [213,1]

10 CFR 20 "Standards {or Protestion Against Radiation,” [535)
10 CFR 34 "Licenses for Radiography and Radiation Safety Requirements for Radiographic Operations,” [365.5)

10 CFR 34,31 "Personal Radiation Safety Requirements for Radiographers and Radiographers Assistants
Truining.” (655)

30 CFR 835 "Occupational Radiation Protection,” [213.3,223.2, 2353, Appendix 2A, 774.1, 781.2)
29 CFR 1910,134 "General Industry Standards - Respiratory Protection.” [$31.2

49 CFR 172 "Hazardous Malterials Tables, Hazardous Materials Communications, Requirements and Emergency
Response Information Requirements,” [423,1]

49 CFR 173 "Shippers - General Requirements for Shipments and Packaging,” [423.1)

ERDA 76-21 "Nuclear Air Cleaning Handbook, Design, Construction, and Testing of High-¢fficiency Air Cleaning
Systems for Nuclear Application,” [464.2)

MIL-F.51068 "Particulate Filters (High Efficiency Firc Resistant)” [464.2]

DEPARTMENT OF ENERGY

The following DOE Orders have been referenced, Readers should verify that the latest version of the referenced
order is used.

DOE 1324.2A (4-9-92) "Records Disposition,” {712.3, 774.1, 775.1)
DOE 5000.3B (2.22-93) "Occurrence Reporting and Processing of Operations Information,” {127, 781.2
DOE 5400.3 (2-22-89) "Hazardous and Mixed Waste Program,” {443,1,4432

DOE 5300.5 (2-8-90) "Radiation Protcction of the Public and the Environment.” [222.6, Table 2-4,422.2, 4223,
451.4, 554 4]

DOE N 5400.9 (12.24-91) "Scaled Rudiouctive Source Accountability.” [431,1]
DOE N §400.10 (12-11-92) "Extension of DOE N 5400.9." [236.3,431.1]
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DOE 54804 (1-7-93) "Environmenta! Protection, Safety, and Henlth Protection Standards,” [365.1, 365.2, 365.5,
531.5, 562.1]

DOE 5480.5 (9.23-86) "Safety of Nuclear Facilitics." [515]
DOE N 5480.8 (6-8-93) "Radiclogical Health and Safety Policy”
DOE 5480.11 (12-21-88) "Radiution Protection for Occupational Workers,” [5185, 774.1)

DOE 5480,15 (12-14-87) "Department of Energy Laboratory Accreditation Program for Personnel Dosimetry.”
(512.1]

DOE £480.18A (7-19-91) "Accreditation of Performance-Based Training for Category A Reactors and Nuclear
Focilites,” [612]

DOE 5480.19 (7-9-90) “Conduct of Operations Requirements for DOE Facilities,” [125.1]

DOE 548020 (2-20-91) "Personnel Selection, Qualification, Training and Staffing Requirements at DOE Reactor
and Non-Reactor Nuelear Facilities.” (612, 613]

DOE 5480.25 (11.3-92) "Safety of Accelerator Facilitics.” [364.2

DOE $484.1 (10-17-90) "Environmental Protection Safety and Health Protection Information Reporting
Requirements.” (721, 782)

DOE §700.6C (8-21-91) "Quality Assurance,* [743)
DOE 58202A (9-26-88) "Radicactive Waste Management.” [dd1.1,443.1,443.2, 4511}
DOE 6430.1A (4-6-89) "General Design Criteria,” [128.1]

DEPARTMENT OF ENERGY GUIDES TO GOOD PRACTICES

EGG-2530 (1988) "Health Physics Manual of Good Practices for Uranium Facilities,” EG&G, Idaho Falls, 1daho
83415, [362]

MLM-3719 (1991) "Health Physics Manual of Good Practices for Tritium Facilities,” (Repluces 1989 Draft « final
publication expected 1992) EG&G Mound Applied Technologies, Miamisburg, Ohio 45343, [363)

PNL-6534 (1988) "Health Physics Manual of Good Pructices for Plutonium Facilities,” Pacific Northwest
Laboratory, Richland, Washington 99352, (361.2)

SLAC-327 (1988) "Health Physics Manual of Good Practices for Accelerator Facilities,” Stanfotd Lincar
Accelerator Center, Stanford, California 94305. [364.1]
DEPARTMENT OF ENERGY STANDARDIZED CORE TRAINING MATERIALS

DOE/EH-0258T-1 (1992) "General Employce Radiological Truining and Radiological Worker Training, Program
Management Manual,”

DOE/EH-0258T-2 (1992) “General Employee Radiological Training and Radiolegical Worker Training, Training
Aids,"

DOE/EH-0259T-1 (1992) "General Employee Radiological Training, Lesson Plan”
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DOEJEH-0259T-2 (1992) "Genernl Employee Radiological Training, Study Guide.”

DOE/EH-0260T-1 (1992) "Radiological Worker Training, Radiological Worker I, Lesson P!nns."
DOE/EH-0260T-2 (1992) "Radiological Worker Training, Radiological Worker I, Study Guides.”
DOE/EH-0261T-1 (1992) "Radiological Worker Training, Radiological Worker IT, Lesson Plans.”
DOE/ER-0261T-2 (1992) "Radiological Worker Training, Radiological Worker II, Study Guides,"
DOE/EH-0262T-1 (1992) "Radiological Control Technician, Training Program Management Manual.”
DOE/EH-0262T-2 (1992) "Radiological Control Techniciun, Standardized Technician Qualification Standard.”
DOE/EH-0262T-3 (1992) "Radiological Control Technician, Phase I, Core Academic Training Lesson Plans,”
DOE/EH-0262T~4 (1992) "Rudiological Contro} Technician, Phase 1, Core Academic Training Study Guides,”
DOE/EH-0262T-5 (1992) "Radiological Control Technician, Phase 1, Site Academic Training Lesson Plans,”
DOE/EH-0262T-6 (1992) "Radiological Control Technician, Phase I, Sits Academic Training Study Guides.”
DOE/EH-0262T-7 (1992) "Radiological Control Technician, Phase 11, Core/Site Pructical Training.”
DOE/EH-0262T-8 (1992) "Radiological Contral Technician, Phase [T, Oral Examination Boards.”
DOE/EH.0262T-9 (1992) "Radiological Control Technician, Phase TV, Facility Practical Trining Attachment,”
DOE/EH-0262T-10 (1992) "Radiological Control Technician, Truining Aids,"

NUCLEAR REGULATORY COMMISSION

Regulatory Guide 8.7 (1992) "Instructions for Recording and Reponting Occupational Radiation Exposure Data,”
Form 4, "Cumulative Occupational Exposure History," (721.2]

AMERICAN NATIONAL STANDARDS INSTITUTE

ASME N509 (1989) "Nuclear Power Plant Air-Cleaning Units and Components.” [464.2)

ASME N510 (1989) "Testing of Nuclear Air Treatment Systems,” [464.2)

CGA G-7.1 (1989) "Commaodity Specification for Air." [531.5]

N43.2 (R1989) "Radiation Sufety for X-Ray Dilflraction and Fluorescence Analysis Equipment™ [365.2)

N433 (1993) "American National Standard for General Radiation Safety -Insullations Using Non-Medical X-Ray
and Sealed Gamma-Ray Sources, Energics up to 10 MeV.” (365.1, 365.5]

N323 (R1983) “Radiation Protcetion Instrumentation Tests and Calibrations,™ [562.1, §64)
Z88.2 (1980) "Practices for Respiratory Protection,” [531.2)
Z38.6 (1984) "Physical Qualifications for Respirator Use,” [532]
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AMERICAN SOCIETY FOR TESTING AND MATERIALS
E 1168 (1987) “Radiological Protcction Training for Nuclear Facility Workers,” [612)

INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION

ICRP Publication 26 (1977) "Recommendation of the International Commission on Radiological Protection,”
(App. 28]

NATIONAL COUNCIL ON RADIATION PROTECTION AND MEASUREMENTS

NCRP Report No. 65 (1980) "Management of Persons Accidentally Contaminated with Radionuclides,” {$42.1)
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ADDITIONAL REFERENCES

Below is a selection of the many references used in developing this manual,

INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION

Publications are available from Pergamon Press, Inc., Maxwell House, Fairview Park, Elmsford, New York, 10523,
ICRT Publication 23 (1974) "Reference Man Anatomical Physiological and Metabolic Characteristics,”

ICRP Publication 30 (1978-1979) "Limits for Intakes of Radionuclides by Workers,”

ICRP Publication 32 (1981) "Limits for Inhalation of Radon Daughiers by Workers.”

ICRP Publication 48 (1985) "The Metubolism of Plutenium and Relaed Elements,”

ICRP Publication 60 (1991) "1990 Recommendations of the Intemational Commission on Radiological
Proteetion,”

INTERNATIONAL ATOMIC ENERGY AGENCY

Publications are available from the International Atomic Energy Agency, Wagramerstrasse 5, P.O, Box 100, A-1a00
Vienna, Austria,

IAEA No. 75-INSAG-3 (1988) “Basic Salcty Principles for Nuclear Power Planis,”

NATIONAL COUNCIL ON RADIATION PROTECTION AND MEASUREMENTS

Reports are available from the National Council on Radiation Protection and Mcisurements, 7910 Woedmont
Avenuc, Bethesdn, Maryland 20814,

NCRP Report No. 53 (1977) "Review of NCRP Dosc Limit for Embryo and Fetus in Occupationally Exposed
Women,"

NCRP Report No, 59 (1978) "Operational Radiation Safety Program.”

NCRP Report No, 61 (1978) "Radiation Safety Training Criteria for Industrial Radiography.”

NCRP Report No, 71 (1983) "Operational Radiation Safety Training,”

NCRP Report No, 84 (1985) "General Concepts for Dosimetry of Imemally Deposited Rudionuclides,”

NCRP Report No, 87 (1986) "Usc of Bioassay Procedures for Assessment of Internal Radionuclide Deposition,”
NCRP Report No. 106 (1989) “Limil for Exposure 0 'Hot Particles’ on the Skin.”

NCRP Report No, 112 (1991) "Calibration of Survey Instruments Used in Radiation Pruicction for the Assessment
of Ionizing Radiation Ficlds and Radioactive Surface Contamination,”

NCRP Report No. 116 (1993) "Limiwtion of Exposure to lonizing Radiation,”
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FEDERAL

Publications are available from the Superintendent of Documents, U.S, Government Printing Office, Washington,
DC 20402,

29 CFR 1910 "Occupational Safety and Health Standards.,”

Federal Guidance Report No. 11 (1988) "Limiting Values of Radionuclide Intake and Air Concentration and Dose
Conversion Facters for Inhalation, Submersion, and Ingestion.”

DEPARTMENT OF ENERGY

DOE 54803 (7-9-85) "Safety Requirements {or the Packaging and Transportation of Hazardous Materials,
Hazardous Substances, and Hazardous Wastes,”

DOE 5480.8 (11-16-87) "Contractor Occupational Medical Program.”
DOE 5482.1B (3-27-90) "Environment, Safety and Health Appraisal Program.”

DOE/EH-0026 (1986) "Handbook for the Depariment of Encrgy Laboratory Accreditation Program for Personnel
Dosimetry Systems.”

DOE/EH-0027 (1986) "Depurtment of Energy Standard for the Testing of Personne! Dosimetry Systems.”

DEPARTMENT OF ENERGY GUIDES TO GOOD PRACTICES

PNL-6577 (1988) "Health Physics Manual of Good Practices to Reducing Radiation Exposure to Levels that Are As
Low As Reasonably Achievable (ALARA)," Pacific Northwest Laboratory, Richland, Washington 99352.

PNL~6612 (1988) "Health Physics Manual of Good Practices for the Prompt Detection of Airbomne Plutonium in the
Workplace,” Pacific Northwest Laboratory, Richland, Washington 99352,

TAP 1.88, 2-88, 3-88 (1988) "Training Accreditation Manuals,” Training Resources and Datn Exchange (TRADE),
Qak Ridge Associated Universities, Qak Ridge, Tennessee 37831,

ENVIRONMENTAL PROTECTION AGENCY

EPA 400-R-92.001 (1991) "Manual of Protective Action Guides and Protective Actions for Nuclear Incidents,”

NUCLEAR REGULATORY COMMISSION
Regulatory Guide 1.8 (1987) "Qualification and Training of Personnel {or Nuclear Power Plants.”

NATIONAL INSTITUTE FOR QCCUPATIONAL SAFETY AND HEALTH

Publication No. 85-115 (1985) "Occupational Safety and Health Guidance Manual for Hazardous Waste Site
Actvities.”
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AMERICAN NATIONAL STANDARDS INSTITUTE

Standards are available from American National Standards Institte, Inc,, 1430 Broadway, New York, New York
10018,

2,1 (1989) "Radiation Symbol.”

N23 (1979) "Immediatc Evacuation Signal for Use in Industrial Installations Where Radiation Exposurcs May
Oceur.”

N3.1 (1987) "Selection, Qualification nnd Training of Personnel for Nuclear Power Plants,”
N83 (1979) “Criticality Accident Alarm,”

N12.1 (1989) "Fissile Material Symbeol,”

N13.1 (1982) "Guide to Sampling Airbornc Radioactive Material in a Nuclear Facility,”
Nﬁ.?. (1982) "Administrative Practices in Radiation Monitoring (A Guide for Management).*
N13.3 (1981) "Dosimetry for Criticality Accidents.”

N13.4 (1983) "Specifications of Portable X- or Gamma Radiation Survey Instruments,”

N13.5 (R1989) "Performancs Specification for Direct Reading and Indirect Reading Pocket Dosimeters for X- and
Gamma Radiation.”

N13.6 (R1989) "Practice for Occupational Radiation Exposure Record Systems,”
N13.11'(1983) "Personnel Dosimetry Performance - Criteria for Testing.”
N13.15 (1981) "Performance of Personnel Thermeluminescence Dosimetry Systems,”

Nd42.17B (1989) "Performance Specifications for Health Physics Instrumentation - Oceupational Airborne
Radioactivity Monitoring Instrumentation.”

Na2.17C (1989) "Performance Specifications for Health Physics Instrumentation - Portable Instrumentation for use
in Extreme Environmental Conditions.,”

N317 (1985) "Performance Criteria for Instrumentation Used for In-Plant Plutonium Monitoring.*

N319 (R1984) “Personal Neutron Dosimeters (Ncutron Energies Less Than 20 MeV),"

N320 (1985) "Performance Specifications for Reactor Emergency Radiological Monitoring Instrumentation,”
N322 (1983) "Inspection and Test Specifications for Direct and Indirect Reading Quarntz Fiber Pocket Dosimeters.”

N323 (1583) "Radiation Protection Instrumentation Test and Calibrations,”

AMERICAN SOCIETY FOR TESTING AND MATERIALS
Standards arc available from the ASTM Committec on Standards, 1916 Race St., Philadelphia, Pennsylvania 19103,
C-986 (1983) "Developing Training Programs in the Nuclear Fuel Cyele,"
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