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This standard  has been reviewed and  reaffi rmed with  the recognition  that i t 
may reference other standards and  documents that may have been 
superseded  or withdrawn.   The requirements of this document wi l l  be met by 
using  the version of the standards and  documents referenced herein.   I t is the 
responsibi l i ty of the user to review each of the references and  to determine 
whether the use of the original  references or more recent versions is 
appropriate for the faci l i ty.   Variations from the standards and documents 
referenced in  this standard  should  be evaluated  and  documented.    
This standard  does not necessari ly reflect recent industry initiatives for risk 
informed decision-making or a graded  approach to qual i ty assurance.   Users 
should  consider the use of these industry initiatives in  the application  of this 
standard.  
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American 
National  
Standard

Designation of this document as an American National Standard attests that the principles 

of openness and due process have been followed in the approval procedure and that a 

consensus of those directly and materially affected by the standard has been achieved.

This standard was developed under the procedures of the Standards Committee of the 

American Nuclear Society;  these procedures are accredited by the American National 

Standards Institute,  Inc.,  as meeting the criteria for American National Standards.  The 

consensus committee that approved the standard was balanced to ensure that competent,  

concerned,  and varied interests have had an opportunity to participate.

An American National Standard is intended to aid industry,  consumers,  govern mental 

agencies,  and general interest groups.  Its use is entirely voluntary.  The existence of an 

American National Standard,  in and of itself,  does not preclude anyone from manufactur-

ing,  marketing,  purchasing,  or using products,  processes,  or procedures not conforming 

to the standard.

By publication of this standard,  the American Nuclear Society does not insure anyone 

utilizing the standard against liability allegedly arising from or after its use.  The content 

??? ???? ? ????????? ??????? ? ?????????? ? ???????? ? ??? ??? ? ???? ? ??? ??? ? ?? ??????? ? ???? ???????????? ?

Changes,  if any,  occurring through developments in the state of the art,  may be considered 

?? ? ??? ? ???? ? ???? ? ??? ? ????????? ?? ? ?????????? ?? ? ???????? ? ??????? ? ?? ? ??? ? ?? ? ?????????? ? ???????? ?

or withdrawn at any time in accord ance with established procedures.  Users of this stan-

dard are cautioned to determine the validity of copies in their possession and to establish 

that they are of the latest issue.

The American Nuclear Society accepts no responsibility for interpretations of this 

standard made by any individual or by any ad hoc group of individuals.  Responses 

to inquiries about requirements,  recommendations,  and/or permissive statements (i.e. ,  

???????? ? ????????? ? ??? ? ?????? ? ????????????? ? ?????? ? ?? ? ???? ? ?? ? ??? ? ????????? ? ???????????? ?

and Standards Department at Society Headquarters.  Action will be taken to provide 

appropriate response in accordance with established procedures that ensure consensus.

Comments on this standard are encouraged and should be sent to Society Headquarters.

Published by

American Nuclear Society
555 North Kensington Avenue
La Grange Park, Illinois 60526 USA

This document is copyright protected.
Copyright © 2015  by American Nuclear Society.  

Any part of this standard may be quoted.  Credit lines,  should read “Extracted from American National 

Standard ANSI/ANS-6.6.1 -2015  with permission of the publisher,  the American Nuclear Society.” 

Reproduction prohibited under copyright convention unless written per mission is granted by the 

American Nuclear Society.

Printed in the United States of America
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Inquiry  
Requests

Inquiry
Format

The American Nuclear Society (ANS) Standards Committee will provide responses to 

inquiries about requirements,  recommendations,  and/or permissive statements (i.e. ,  

“shall,” “should,” and “may,” respectively) in American National Standards that are 

developed and approved by ANS.  Responses to inquiries will be provided according to 

the Policy Manual for the ANS Standards Committee.  Nonrelevant inquiries or those con-

cerning unrelated subjects will be returned with appropriate explanation.  ANS does not 

??????? ? ???? ? ??????????????? ? ??? ???????????? ? ?? ? ? ? ????????? ????? ??? ? ?????????? ? ?? ? ? ? ??????? ?

design,  operation,  facility,  or other unique situation only and therefore is not intended for 

generic application.

Responses to inquiries on standards are published in ANS’s magazine,  Nuclear News,  and 

??? ? ????????? ? ???????? ? ?? ? ??? ? ??? ? ??? ? ???? ? ??? ?? ? ?????????? ? ??? ? ??? ? ????????? ? ???????-

tions and Standards Department.  

Inquiry requests shall include the following:

(1 ) the name, company name if applicable,  mailing address,  and telephone number of 

the inquirer;

??? ? ????????? ? ?? ? ??? ? ?????????? ? ????????? ???????? ? ???????? ? ?????????? ? ?????? ? ??????? ??????

(3) the purpose(s) of the inquiry;

(4) the inquiry stated in a clear,  concise manner;

(5) a proposed reply,  if the inquirer is in a position to offer one.

Inquiries should be addressed to

American Nuclear Society

????? ? ????????? ? ???????????? ? ???? ????????? ? ??????????

555  N.  Kensington Avenue

La Grange Park,  IL 60526

or standards@ans.org
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(This foreword is not a part of American National Standard,  “Calculation and Measure-

ment of Direct and Scattered Gamma Radiation from LWR Nuclear Power Plants,” 

ANSI/ANS-6.6.1 -2015.)

?? ? ???????? ? ? ? ? ????? ???? ?? ????????? ?? ? ???? ? ??????? ? ??? ? ?????????? ?? ? ?? ? ?? ? ??????? ? ?????-

man of ANS-6.  The proposed standard had been listed among those having a high priority 

by the Atomic Energy Commission Directorate of Regulatory Standards.  The project was 

assigned by the NTAB Executive Committee in September 1 973.  Working Group ANS-

??? ? ??? ? ??????? ???? ?? ? ?? ? ?????? ? ??? ? ????????? ? ???????? ? ?? ? ?????????? ???? ? ? ??? ? ???? ?

meeting of the working group was held in November 1 973.  Twelve subsequent meetings 

were held from February 1 974 through June 1 978.  

When preparing the initial version of this standard,  the 1 973  working group provided a 

series of reference calculations with which a radiation analyst should compare results 

obtained by the method he/she elected to use in a given application.  Comparison with 

the results of these reference calculations is intended to provide some assurance that the 

methods being considered by this standard’s user produce results that are in reasonable 

agree ment with those of other methods.  These reference calculations are intentionally 

simplistic to make this comparison effort easier to accomplish.

??? ? ????? ??????? ? ????? ? ??? ? ?????????? ?? ? ???? ? ???? ? ? ?? ???????? ??????? ? ?????? ??? ? ???-

????????? ???? ??????? ? ?????? ? ?? ? ????? ? ?????? ? ?? ? ???? ? ????? ? ??? ? ?????????? ???? ? ?????? ?????? ?

1 ) was submitted to ANS-6 for ballot in September 1 977.  This draft was unanimously 

approved in subsequent balloting by ANS-6 subcommittee chairs,  with the sole negative 

??????? ????? ? ???????? ?? ? ?????????? ? ?????? ?????????? ? ??? ????????? ? ?? ??????? ?????? ????-

ing group,  ANS-6.6.1 ,  was established in 2012 to reconsider the status of the standard.  

In June 201 3,  that working group recommended revisions of the standard to (a) correct 

????????? ? ??????? ? ??? ? ?????? ? ??? ? ????? ??? ??????????? ?????????? ? ??? ? ?????? ? ??? ? ?????????? ? ????

units of the dose terms,  (d) update Figs.  6.3  through 6.8  to include dose rate results for 

the reference calculations computed based on a modern Monte Carlo (MCNP5) computer 

program, and (e) incorporate three new tables (Tables 6.3 ,  6.4,  and 6.5) providing the 

MCNP5-computed dose rate results and their relative statistical uncertainty.  

???? ? ????????? ????????? ? ?????????? ??????? ? ??? ?????? ? ???? ?????????? ????????? ? ???? ??????-

????? ? ???????? ? ??????? ? ???????? ? ???? ????????? ???????? ? ???????????? ? ?? ? ???? ? ????????? ?

plants,  which have no local shielding to reduce reactor cavity nozzle inspection port 

streaming,  have indicated that localized streaming can be measurable outside the contain-

ment.  Such localized streaming effects are not addressed in this standard.  

Particular emphasis is placed on the direct and scattered radiation from 16N sources in 

??????? ? ?????? ???????? ? ??????? ? ???? ? ???????? ? ??????? ? ??? ? ????? ????? ???????? ? ???? 16N mea-

????????? ??? ????????? ? ??????????? ???? ? ??????? ? ??? ???? ? ??? ? ?????????? ?? ? ? ? ?????? ???? ? ???

interest in establishing priority for development of this standard.  The three appendices to 

the standard are included as examples of the type of measurements and analyses that have 

been performed in connection with the 16N sources at BWRs.  In Appendices A and B,  the 

assumption is made that the observed dose rates are entirely the result of 16N activity.  The 

???? ?????? ? ??? ???? ? ?????????? ? ?? ? ?? ? ???????? ? ??? ? ??????? ??? ???????????? ? ?? ? ??? ? ?????????-

tion of the source terms,  in that other radiations are included in the measurements from 

which the 16N source terms are developed.  

This standard might reference documents and other standards that have been superseded 

or withdrawn at the time the standard is applied.  A statement has been included in Sec.  8,  

References,” that provides guidance on the use of references.

This standard does not incorporate the concepts of generating risk-informed insights,  

performance-based requirements,  or a graded approach to quality assurance.  The user is 

advised that one or more of these techniques could enhance the application of this standard.

Foreword
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Calculation and Measurement 

of Direct and Scattered Gamma 

Radiation from LWR Nuclear  

Power Plants 

1  Scope 

???? ? ????????? ?????? ? ????????????? ? ???????????? ? ???? ????????? ? ??????????? ? ?????????? ? ???? ???? ?????? ? ???

dose rates near light water reactor (LWR) nuclear power plants because of direct and scattered gamma 

rays from contained sources on-site.  On-site locations outside plant buildings and loca tions in the off-site 

????????????? ????? ??? ? ??????????? ? ??? ? ??????? ? ????? ?????????? ? ???????????? ? ?? ? ???? ? ????? ? ??? ? ?????????? ????

methods for calculating the source strength of each are discussed.  Partic ular emphasis is placed on 16N 

??????? ? ?? ? ???? ? ??? ? ??????????? ??????? ? ??? ??????? ???? ?????????? ????????? ? ???? ??????? ? ?????? ???????? ? ??????? ?

??? ? ????????? ??????????? ? ???????? ? ????????? ? ???? ? ??? ????? ? ???? ??????? ????????? ? ??? ? ????????? ????????? ? ??? ?

considerations necessary to compute dose rates,  including component self-shielding,  shielding af forded by 

walls and structures,  and scattered ra diation.  The requirements for measurements and data interpretation 

of measurements are given.  The standard includes normal operation and shut down conditions but does not 

address accident or normal operational transient conditions.  The standard also applies to the gamma dose 

resulting from dry fuel storage facilities.  

2 Applicable documents 

The following documents supplement or support this standard:  

Glossary of Terms in Nuclear Science and Technology  [1 ] . 1 )

ANSI/ANS-6.4-2006,  “Nuclear Analysis and Design of Concrete Radia tion Shielding for Nuclear Power 

Plants” [2] .  

ANSI/ANS-18.1 -1 999 (withdrawn),  “Radioactive Source Term for Normal Operation of Light Water  

Reac tors” [3] .  

? ? ????? ? ??? ? ?????????? ?

3.1  Acronyms  

BWR:  boiling water reactor

LWR:  light water reactor 

PWR:  pressurized water reactor

RPV:  reactor pressure vessel  

TLD:  thermoluminescence dosimeter

1 )Numbers in brackets refer to corresponding numbers in Sec .  8,  “References.” 
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3.2 Shall, should, and may

The word “shall” is used to denote a requirement;  the word “should” is used to denote a recommendation;  

and the word “may” is used to denote permission,  neither a requirement nor a recommendation.

??? ? ??????????

??? ? ????????? ? ??????? ? ?????????? ? ???? ? ?? ? ?????? ? ?? ? ????????????? ? ???? ? ???? ????????? ? ?? ? ?????????? ?

standards.  

?? ??????? ??? ????? ? ??? ? ????? ?? ? ???? ? ????????? ?? ? ??????? ?? ? ????????? ? ?? ? ??? ? ??????? ? ??? ????????? ? ????????? ? ????

radiation detection.  They are not used in any special sense in this standard.  

capacity factor: ? ??? ? ???????? ? ??????? ?? ? ??????? ?? ? ??? ? ?????? ? ???????? ? ????????? ?? ? ?? ?????? ?? ? ? ? ????? ? ???? ?

interval,  divided by the product of the design power and the time interval.  The capacity factor may be used 

in assessing the annual absorbed dose,  provided the principal sources are directly related to capacity.

direct gamma rays:  The term direct gamma rays is used to denote those gamma rays that do not undergo 

scattering interactions in transit from the source volume to the receptor location.  It differs from “uncollided 

?????? ????? ? ?? ? ????? ?????????? ? ???????? ? ?? ? ???????????? ??????? ? ????? ? ?? ? ?? ???? ? ?????????? ? ??????????? ? ????? ?

may be included in the direct category.  

dose rate and absorbed dose:  The term dose is used herein to refer to either exposure (roent gens),  absorbed 

dose (rad or gray),  dose equivalent (rem or seivert),  or ambient dose equivalent (rem or seivert).  These lat-

???? ????? ? ??? ? ??????????? ? ??????? ?? ? ??????? ?? ? ??? ??? ? ????????????? ? ?????????? ? ?? ? ????????? ? ????? ? ????

Measurements [4] .  For gamma rays,  to the degree of approximation acceptable,  for practical purposes,  and 

for the purposes of this standard,  the absorbed dose,  dose equivalent,  and ambient dose equivalent may be 

considered numerically equivalent.  

essentially unshielded:   As used in this standard,  essentially unshielded relative to air scattering means less 

than one mean-free-path of attenuation for the dominant energy.  If the users of this standard choose to use 

?? ? ??????????? ? ??? ??????? ? ?? ? ?????? ????????????? ? ??? ? ????? ? ??????? ??????? ? ?? ???? ? ??? ? ??? ? ?? ? ??????????? ? ??????

calculations.

power level:  The power level is the power pro duction in units of thermal megawatts.  In the context of this 

????????? ? ??? ? ????? ?? ? ?????????? ?????????? ? ?? ? ??????? ? ?? ? ?????? ????? ? ?? ? ????? ??????? ? ??????? ? ??? ????? ? ?????-

???? ? ??? ? ???? ???????? ? ? ??????? ???????????? ? ???? ? ?????? ?????? ? ??????? ? ??? ??? ? ???????? ? ??? ?????? ??????????? ?

???? ? ?? ? ???????? ??? ? ????? ?

scattered gamma rays:  The term scattered gamma rays is used to describe all gamma rays that have 

undergone scattering interactions in transit between the source volume and receptor locations.  This cat-

egory includes air scattering,  ground scattering,  and scattering through or off any intervening structures 

or shields.  

special uses of direct and scattered categories:  Because of the limitations of some computer programs 

(e.g.,  some point kernel approaches),  it may not be possible to compute direct and scat tered gamma-ray 

?????????? ? ?? ? ??????? ?? ? ??? ? ???????? ? ?????????? ? ??? ??? ? ????? ??? ???? ? ????????? ???????? ? ? ? ??????? ? ??? ? ??? ??? ?

????? ? ?????? ? ???? ?????????? ? ???? ? ??????? ? ??? ? ????? ? ?? ? ??????? ? ?????????? ? ???? ?????????? ? ????? ??????? ? ?? ? ??? ? ???-

???? ? ????????????? ? ????????? ? ??????? ?? ? ????????? ?? ? ??? ? ????????
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4 Requirements 

To facilitate the use of this standard,  the various requirements called out in subsequent sections have been 

combined into this section.  Following is a concise listing of the requirements of this standard:

Requirement

Reference 

Section

If the user of this standard requires a special use of the terms “direct” and “scattered,” 

???? ? ??????? ? ??? ? ????? ? ?? ? ??????? ? ?????????? ? ???? ?????????? ? ??????????? ? ?? ? ??? ? ??????? ?

calculational procedure should be provided by the analyst.

3

??? ? ??????????? ??????? ? ??? ????? ? ????????? ? ????? ??? ? ??????????? ? ??????????? ????? ? ? ? ? ??? ? ??? ???? ?

of concrete) relative to air scattering (i.e. ,  shielded on the sides but essentially unshielded 

on the top) shall be considered.

6.2.1

All sources of gamma radiation that are located outside of shielded buildings shall be 

considered.

6.2.2

To accurately describe source strengths in quantitative terms,  the starting bases and 

subsequent effects of processing steps on radiation streams shall be evaluated.

6.3 .1

The geometrical models used to describe the sources for radiation transport calculations 

shall be discussed.

6.3 .2

Piping arrangements shall be reviewed and a model constructed that includes piping 

??????? ? ???? ? ????? ? ?????????? ? ???????????? ? ?? ? ??????? ???? ?????????? ????????? ? ???? ? ??????

6.4

????????? ? ?? ? ??? ? ???? ? ????????? ?? ? ??? ? ???????? ? ????? ? ? ?????? ? ?????? ? ????????? ? ????? ? ????? ? ?? ?

represented in the model.

6.4

??? ? ???????? ? ??? ??????? ? ???? ???????? ? ??????????? ? ??? ??????? ????? ? ???? ????? ? ????? ? ?? ? ??????? ?

delineated.

6.4

The moisture separator/reheaters and associated piping shall be considered for air 

?????????? ? ??? ???? ? ??? ? ???????? ?? ? ??? ? ??????? ? ????????? ? ????? ???? ? ???? ? ??????????? ????? ? ????

gamma rays to escape the building.

6.4

The direct radiation contribution from all sources,  irrespective of location,  shall be 

evaluated in accordance with the requirements of Sec.  6.2 of this standard.

6.4

To provide an understanding of what is reported as direct and scattered radiation,  the user 

of this standard shall clearly state which components of the radiation transport analysis are 

????????? ?? ? ???? ? ???????? ? ?? ? ?? ??????? ? ?????????

6.6.1

Comparisons shall be made between the results of reference problem solutions provided 

?? ? ??? ? ??????? ? ????????? ?? ? ? ? ??????? ? ?????? ?????? ???????? ? ???? ??? ? ??????? ? ??? ??? ? ????????? ?

calculations presented in Sec.  6.6.2.

6.6.1

The method of calculating the radiation transport shall be adequately documented to allow 

???? ???????????? ??????????? ? ??? ??????? ? ?? ? ??????????? ? ?? ? ??? ? ????????? ? ?????????? ?????

6.6.1

All input parameters and assumptions associated with geometric considerations and source 

strengths shall be clearly documented.

6.6.1

??? ? ? ??????? ? ???????? ? ?? ? ????? ? ???????? ? ???????????? ? ????? ? ?? ? ????????? ? ????????? ? ? ?

discussion of the similarities and differences between the power plant in question and the 

one used as the basis for the scaling.

6.6.1
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5 Dose assessment guidelines 

Two general areas of interest in performing dose rate calculations and measurements are the re stricted 

???? ? ??????? ? ??? ??? ? ????? ? ????????? ? ??? ? ??? ? ???????????? ? ???? ? ?? ? ??????? ? ??????????? ? ?? ? ?????? ? ?? ? Code 

of Federal Reg ulations,  Title 1 0,  “Energy,” and Title 40,  “Protec tion of Environment” [5] .  Guidance for 

??????? ? ????????? ? ??? ? ???? ? ????????? ? ??? ? ?? ?

Dose rate calculations and measurements should be performed for areas outside of the plant buildings 

????? ? ????????? ? ????????? ? ?? ? ????????? ? ????? ? ????? ? ??????? ? ???????????? ? ?????? ? ???? ???????????? ? ????? ? ????

adjacent units,  normal work areas of adjacent units and visitors’ centers.  The selection of receptor points for 

dose rate calcu lations should be based on consideration of the occupancy factors and number of personnel,  

the construction schedule,  and shielding at the re ceptor location where appropriate.  The calcula tions should 

?? ? ???? ? ? ?????????? ??????? ??? ????????? ? ?? ? ????? ? ?? ? ?????? ???? ???? ? ????????? ? ?? ? ????? ? ??? ?????????? ? ???? ???????

Sv) for construction workers and for use of other on-site areas.  These units represent the summation of all 

individual doses (rem or Sv) acquired by the personnel during their occupancy times.

Dry fuel storage facilities has gamma and neutron contributions to the total dose, which should be considered.  

Also, the dose contribution from activation gammas because of absorption of the neutrons should be evaluated.

Special locations that can be exposed to direct or scattered radiation,  such as personnel dosimeter racks 

stored in guard stations,  may also have to be considered.  

In certain cases,  it might be necessary to calculate dose rates at on-site locations to which the public has 

access,  such as visitors’ centers,  navigable waters,  and recreational areas.  In such cases,  conservative esti-

????? ? ??? ?????? ? ????????? ? ????? ? ?????? ? ?? ? ????????? ?? ? ??? ? ???? ? ??????????? ? ???? ?? ? ??????? ? ?????????? ????? ? ?

hours occupancy/year) at each location.  

Dose rate calculations or measurements,  or both,  should be performed for locations at the boundary of the 

??????????? ???? ? ???? ???? ??????? ? ????????? ? ?? ? ??? ? ??????????? ???? ? ????? ? ? ?????? ? ??????????? ? ???????? ? ?????????? ?

and other publicly used facilities).  Because of the extremely rapid decrease of di rect and scattered radiation 

???? ? ???????? ? ???? ? ??? ? ??????? ? ??? ? ???? ? ????? ? ??? ???? ? ??? ????? ? ???? ?????? ? ??? ? ?? ? ????????????? ????–3  rem/yr 

(1 0–2 mSv/yr)] .

The continuous dose rate and the expected annual dose,  based on occupancy times,  should be documented 

for each location.  The assumed occupancy factors should be clearly indicated at each location.  For normal 

operational sources,  the plant capacity factor should be incorporated.  

In cases in which the source intensity is affected by the power level,  the plant capacity factor should be 

considered.

Temporal variations in the sources should be accounted for in the annual dose (e.g.,  times that a tank is 

?????????? ? ??? ????????? ? ?????? ???? ? ??????????? ? ?????? ?

???? ? ??????? ?? ? ?????? ?? ? ??? ? ???????? ?????????? ? ????? ????? ?????? ? ???? ????????? ? ?? ? ?????? ?? ?????????? ??? ????? ?

???????????? ????? ? ?????? ???????? ? ???? ? ??????? ? ??? ?? ?????? ? ????? ? ?????? ? ????? ? ????? ??? ? ????????????? ?? ? ?? ???????

6 Calculations 

6.1  General introduction 

This section discusses documentation,  sources,  source modeling,  geometric modeling (shielding and plant 

layout),  site topography, and radiation transport methods.  
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An important part of calculations of the type dis cussed in this standard is adequate documentation.  This 

documentation should be complete enough to cover assumptions,  methods of analysis,  and so on,  which 

affect the results of the calculations.  The form of the documentation the user of this standard chooses to 

employ,  however,  is at the user’s discretion.  It may,  or may not,  be a formal or informal report.  It may 

?????? ? ?? ? ?????????? ??????????? ? ???????????? ? ??????? ? ?? ? ?? ? ? ? ??????? ?? ? ?????????? ? ???? ? ? ? ????? ? ????? ?

??????? ? ????????? ? ???????????? ? ???? ????? ?? ? ??????????? ? ???????? ??? ? ?????? ? ???????????? ? ??? ??? ? ????? ? ??? ?

requirements and recommendations pertaining to docu mentation that are contained in this standard should 

be given careful consideration by the user.  

Locations to be considered in calculating direct and scattered radiation levels outside of buildings are iden-

?????? ? ????????? ? ???????????? ? ??? ? ????????? ?? ? ??????? ??????????? ???? ? ??????? ? ??? ???????????? ? ?????? ? ????

??? ? ?? ? ??????? ? ???????????? ? ?? ? ?????????? ? ????????????? ? ??? ????????? ?

6.2 Sources

?????? ? ??? ? ???? ??? ? ????? ??????????? ??????? ? ??? ????????? ? ?? ? ???? ? ???? ???????????? ?????? ???????? ? ??????? ?

respectively,  which should be considered within the constraints delineated in Secs.  6.2.1  and 6.2.2.  Addi-

?????? ? ??????? ? ??? ? ????? ?? ? ?? ? ??????????? ????????? ? ?? ? ??? ? ??????? ? ?????? ??????? ?

?? ? ??????????? ? ??? ? ??????????? ???????? ? ??? ? ???????? ? ??? ??? ? ???? ? ????? ?? ????????? ????? ?????? ? ????? ? ?????????? ?

sources would contribute to dose rates outside buildings should be evaluated (e.g.,  particular tanks may be 

considered to be full only several months in a given year).  

??????????? ? ????????? ? ??????? ?? ? ???? ? ?? ? ????????? ? ?????????? ? ?????????????? ? ???? ? ?? ? ??????? ? ??????? ? ????

??? ? ????????? ?

6.2.1  Sources inside shielded buildings 

??? ? ??????????? ??????? ? ??? ????? ? ????????? ? ????? ? ? ????? ? ??????? ?? ? ?????? ? ??? ? ???? ???? ? ???? ? ??? ? ??????????? ?

unshielded relative to air scattering (i.e. ,  shielded on the sides but essentially unshielded on the top) shall 

be considered.  Sources that are shielded only by the outside shield wall of a building should be considered.  

Direct radiation contributions need not be considered for sources that are shielded by the equivalent of  

>4 ft.  (1 .22 m) of ordinary concrete.  

Sources in the reactor containment building need not be considered provided at least 4 ft.  of ordinary con-

crete or equivalent shielding is provided for direct radiation,  and 2 ft.  (0.61  m) of ordinary concrete,  or 

equivalent,  for air scattering.  

6.2.2 Sources outside shielded buildings

All sources of gamma radiation that are located outside of shielded buildings shall be considered.  

6.3 Source modeling (mathematical representations)

Source modeling,  as discussed herein,  includes geometric considerations and source strength determina-

tions.  Shielding around sources is discussed in Sec.  6.4.  Any self-shielding,  associated with the sources 

themselves,  is included as part of the source modeling.  
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6.3.1  Source strengths and assumptions

To accurately describe source strengths in quantitative terms,  the starting bases and the subsequent effects 

of processing steps on radioactive streams shall be evaluated.  The starting bases consist of the reactor cool-

???? ?????????????? ? ??????? ? ???????? ? ???? ?????????? ? ?????????? ? ??? ? 16????????? ? ???????? ? ??????? ? ??? ? ????????

pressure vessel nozzle;  and,  for 16N sources in BWRs, the heat balance for the steam cycle.  For 16N sources,  

the transit time through piping and equipment and the relative quantities of liquid and steam inside com-

ponents during their normal equilibrium operation are the major processing data required.  The 16????????? ?

activity in BWR coolant is sensitive to water chemistry,  and the process of direct hydrogen addition may 

lead to a several -fold increase in activity over that otherwise experienced.2)

?? ? ??? ? ??????? ? ??? ??????? ? ?????? ? ????????? ? ????? ??? ? ?? ? ????????? ???? ? ? ??????? ? ?????? ? ??? ? ?????? ? ????????? ?

reported in ANSI/ANS-18.1 -1 999 [3]  should be employed,  to the extent that they are deemed to be appli-

cable by the user of the standard.  

????? ? ??? ? ???? ? ???????? ?????????? ? ?????????????????? ? ???????????? ? ???? ???? ? ?? ? ?????????? ? ????

Regulatory Guides that also govern the source terms that need to be applied in licensing bases,  namely 

Sec.  1 2.2,  “Radiation Sources,” and Chapter 1 5,  “Transient and Accident Analyses,” of NUREG-0800,  RG 

1 .1 83,  and RG 1 .89 [8,  9,  1 0,  11 ] .  

?????????? ? ????? ? ???? ??????? ? ????? ??????? ?? ? ?????????? ??????? ? ???? ? ?????????? ? ?? ? ?????????????? ???? ??????

decontamination factors,  partition factors (fraction of isotope carried into steam from reactor water),  and 

??????? ? ???? ? ??????? ? ?????? ? ???? ?????????? ? ???? ???????? ? ???????? ? ??? ? ?????????? ??????? ? ??????? ? ???? ???????-

??????? ??????????????? ? ??????? ? ???? ??? ? ????? ? ??? ? ??? ? ????? ?????????? ?????

2)Some results of the determination of 16????????? ? ???????? ? ?? ? ????? ? ??? ???????????? ??? ??? ? ???????? ? ???? ? ????? ? ???? ? ????? ? ????? ?

at operating BWRs are reported in Appendices A and B.  These results are for plants not employing direct hydrogen addition to the 

coolant.  

Table 6.1  – Contained sources in shielded buildings to be considered  

in boiling water reactor plants1 )

Main Steam Piping in Turbine Building

High-Pressure Turbines

Low-Pressure Turbines

Moisture Separator/Reheaters

Feed-Water Heaters

Off-Gas System

Extraction Steam Piping

Phase Separator Tanks

Filters

Demineralizers

Evaporators

Evaporator Bottom Tanks

Radwaste Storage,  including Dry Fuel Storage Facilities

1 )See Secs.  6.2.1  and 6.2.2.
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