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OFFICE OF NUCLEAR REACTOR REGULATION

2.3.4 SHORT-TERM DISPERSION ESTIMATES FOR ACCIDENTAL ATMOSPHERIC
RELEASES
REVIEW RESPONSIBILITIES
Primary - Accident Evaluation Branch (AEB) Emergency Preparedness and Radiation Protection
Branch (PERB)1
Secondary - None
I.

AREAS OF REVIEW

Information for a construction permit (CP), operating license (OL), combined license (COL), or
early site permit review2 is presented by the applicant and reviewed by the staff concerning
atmospheric dispersion estimates for postulated accidental releases of effluents to the
atmosphere. The review covers the following specific areas:
1.

Atmospheric transport and diffusion models to calculate relative concentrations for
postulated accidental radioactive and hazardous airborne releases.

2.

Meteorological data summaries used as input to diffusion models.

3.

Derivation of diffusion parameters.

4.

Probability distributions of relative concentrations.

5.

Determination of relative concentrations used for assessment of consequences of
postulated radioactive atmospheric releases for design basis accidents and for other
accidents, and of onsite and offsite hazardous airborne releases.
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Standard review plans are prepared for the guidance of the Office of Nuclear Reactor Regulation staff responsible for the
review of applications to construct and operate nuclear power plants. These documents are made available to the public as
part of the Commission's policy to inform the nuclear industry and the general public of regulatory procedures and policies.
Standard review plans are not substitutes for regulatory guides or the Commission's regulations and compliance with them
is not required. The standard review plan sections are keyed to the Standard Format and Content of Safety Analysis Reports
for Nuclear Power Plants. Not all sections of the Standard Format have a corresponding review plan.
Published standard review plans will be revised periodically, as appropriate, to accommodate comments and to reflect new
information and experience.
Comments and suggestions for improvement will be considered and should be sent to the U.S. Nuclear Regulatory
Commission, Office of Nuclear Reactor Regulation, Washington, D.C. 20555.

For a design certification review, the probability distributions should be in the site parameter
envelope specified for the standardized design.3
Review Interfaces4
The Civil Engineering and Geosciences Branch (ECGB), under SRP Section 2.3.6 (proposed),
reviews the adequacy of the site parameter envelope specified in standard design certification
applications.5
II.

ACCEPTANCE CRITERIA

The applicant should provide conservative estimates of atmospheric transport and diffusion
conditions at appropriate distances from the source for postulated accidental releases of
radioactive and hazardous materials to the atmosphere. The plant should be considered as both a
source and a receptor.
The information is necessary to demonstrate compliance with the following regulations:
1.

10 CFR Part 50, Appendix A, General Design Criterion 19 (GDC 19),6 "Control Room,"
with respect to the meteorological considerations used to evaluate the personnel radiation
exposures inside the control room during design basis accident conditions.

2.

10 CFR Part 100,7 100.11(a) with respect to the meteorological considerations used in the
evaluation to determine an acceptable exclusion area and low population zone.

Regulatory Guides that provide information, recommendations and guidance, and in general
describe a basis acceptable to the staff to implement the requirements of General Design
Criterion GDC 198 and 10 CFR Part 100.11(a)9 include Regulatory Guides 1.5, 1.23, 1.24, 1.25,
1.77, 1.78, 1.95, and 1.145.
The applicant's diffusion estimates should reasonably reflect staff positions and state-of-the-art
atmospheric diffusion knowledge. Specifically for CP, OL, COL, or early site permit reviews,10
the following information is required:
1.

A description of the atmospheric dispersion models used to calculate relative
concentrations in air resulting from accidental releases of radioactive and hazardous
gases to the atmosphere. The models should be documented in detail and substantiated
within the limits of the model so that the staff can evaluate their appropriateness to site,
plant, and release characteristics.

2.

Meteorological data used for the evaluation (as input to the dispersion models) which
represent annual cycles of hourly values of wind direction, wind speed, and atmospheric
stability for each mode of accidental release.

3.

A discussion of atmospheric diffusion parameters, such as lateral and vertical plume
spread ( y and z) as a function of distance, topography, and atmospheric conditions,
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should be related to measured meteorological parameters. The methodology for
establishing these relationships should be appropriate for estimating the consequences of
accidents within the range of distances which are of interest with respect to site
characteristics and established regulatory criteria.
4.

Cumulative probability distributions of relative concentrations (X/Q) should be
constructed to describe the probabilities of these X/Q values being exceeded. All
cumulative probability distributions of X/Q should be presented for appropriate distances
(e.g., the exclusion area boundary distance and the outer boundary of the low population
zone) and time periods as specified in Section 2.3.4.2 of Regulatory Guide 1.70,
"Standard Format and Content of Safety Analysis Reports for Nuclear Power Plants."
The methods of generating these distributions should be adequately described.

5.

Relative concentrations used for assessment of consequences of atmospheric radioactive
releases for design basis and other accidents, and for onsite and offsite releases of
hazardous airborne materials.

Technical Rationale11
The technical rationale for application of these acceptance criteria is discussed in the following
paragraphs:12
1.

Compliance with GDC 19 concerning personnel radiation exposures inside the control
room during design basis accident conditions requires radiation protection such that
exposures are limited to 50 mSv (5 rem) or less to the whole body, or its equivalent to
any part of the body, during access and occupancy for the duration of the accident.
A radiation dose associated with access and occupancy of the control room under
accident conditions is specified so that personnel assigned to monitor and control the
accident will be able to perform these functions without concern for their personal health
and safety. Guidance on evaluation of control room habitability during accidents is
provided in Regulatory Guide 1.78, Regulatory Position C.6, and in Standard Review
Plan (SRP) Section 6.4, "Control Room Habitability System."
Meeting the requirements of this criterion provides assurance that those personnel needed
to monitor and control an accident will be able to function effectively.13

2.

10 CFR 100.11(a) specifies that determination of an exclusion area, low population zone,
and population center distance be based on a set of assumptions involving the release of
fission products from the reactor core, an expected leak rate from containment, and
pertinent meteorological conditions.
Identification of an exclusion area, low population zone, and population center distance
is an integral aspect of the siting criteria for a new nuclear power plant. Specified
radiation dose guidelines are associated with the exclusion area and low population zone.
Verification that the proposed nuclear plant design meets these radiation dose guidelines
is accomplished by calculating expected offsite radiation doses using (a) an assumed
2.3.4-3
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inventory of fission products available for release from the containment building, (b) the
expected containment leak rate, and (c) site atmospheric dispersion characteristics.
Atmospheric dispersion characteristics are determined from meteorological
measurements taken at the proposed plant site. Guidance on the onsite meteorological
program needed to obtain the raw data is provided in Regulatory Guide 1.23, and models
for calculating the atmospheric dispersion are provided in Regulatory Guide 1.145.
Meeting the siting criteria provides assurance that offsite radiation doses from postulated
accidents will not exceed the guideline radiation doses specified in 10 CFR Part 100.14
III.

REVIEW PROCEDURES

1.

Atmospheric Dispersion Models
The reviewer verifies that adequately conservative atmospheric dispersion models, with
adequate onsite meteorological data as input to the models, have been used to calculate
relative concentrations at appropriate distances and directions from postulated release
points during accidental airborne releases of potentially hazardous materials. If adequate
onsite meteorological data are not available for the CP review, the reviewer must ensure
that adequate conservatism has been applied to the calculated relative concentrations for
accidental airborne effluent releases based on available data.15
The applicant's dispersion models are compared to the general Gaussian models which
are contained in Regulatory Guide 1.145 for design basis accidental releases. The
models are reviewed for suitability to release characteristics, plant configuration, and site
topography. The accidents and release characteristics to be considered are obtained from
the reviews of SAR safety analysis report (SAR)16 Chapter 15. When the Gaussian
assumptions are not applicable (e.g., buoyant gases and close-in estimates made for
points among or near buildings), other models and techniques used to make estimates are
identified and evaluated. Each release should be characterized as either an elevated point
source or a ground-level point source. Generally the release is considered to be elevated
if the release point is at least two-and-one-half times as high as nearby solid structures.
Turbulent mixing of the effluent into the wake of plant structures is usually allowed for
ground-level releases. The volumetric correction is based on one-half the minimum
cross-sectional area of the structure from which the effluent is released.
Most accidental releases can be considered as continuous releases (i.e., on the order of
several minutes or more). However, some releases such as from steam line breaks or of
hazardous chemicals may be considered as instantaneous (puffs). The general Gaussian
diffusion model for continuous releases is used to evaluate releases on the order of
several minutes or more. For puff releases, instantaneous point-source Gaussian
diffusion equations are used with a correction for initial source volume (Ref. 121317).
Other modifications to the atmospheric dispersion model which should be considered
include restrictions to horizontal or vertical plume spread (e.g., by narrow deep valleys,
channeling of airflow, and by persistent low-level temperature inversions). Fumigation
conditions should be considered for elevated releases. In the absence of site-specific
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information concerning the frequency, duration, and directional preference of fumigation
conditions, deterministic approaches such as those described in Regulatory Guides 1.5,
1.24, 1.25, and 1.145 may be used.
2.

Meteorological Data
The meteorological data used in atmospheric dispersion analyses are reviewed for
compatibility with the models, representativeness with respect to airflow characteristics
of the site and vicinity, and representation of normal annual distribution of
meteorological conditions. If adequate onsite meteorological data are not available, the
reviewer must ensure that adequate conservatism is applied. General criteria for onsite
data are stated in Regulatory Guide 1.23 and in subsection III.2 of SRP Section 2.3.3.
Additional sources of meteorological data for consideration in the description of airflow
trajectories from the site may include National Weather Service stations or other
meteorological programs that are well maintained and well exposed (e.g., other nuclear
facilities, university and private meteorological programs).

3.

Atmospheric Diffusion Parameters
To define atmospheric stability, measurement of vertical temperature gradient (Ref. 4518)
should be used, particularly during stable conditions accompanied by low wind speeds
(i.e., less than 1.5 m/s). Other classification schemes (Refs. 14 and 1515 and 1619) may
be used to estimate atmospheric stability class or to determine plume spread parameters
directly for unstable and neutral conditions, or for wind speeds greater than 1.5 m/s.
Methods for the classification of atmospheric stability, or for direct determination of
plume spread parameters, should be adequately described and substantiated for
applicability to the site.
Lateral and vertical plume spread parameters, y and z, as functions of meteorological
conditions and topography, are reviewed with respect to the characteristics of the
accidental release and distances of interest. For stability typing schemes, the curves of y
and z as functions of downwind distance and atmospheric stability as presented in
reference 16Ref. 1720 are acceptable for most sites with the addition of an extremely
stable (Type G) class. For elevated releases (Ref. 171821) or unusual source,
meteorological conditions, or topography (e.g., narrow, deep valleys, channeling of
airflow), modification of the y and z curves may be appropriate (Ref. 181922).
Modifications to these curves which reflect recent atmospheric tracer tests primarily
during stable, light wind conditions may be used with the atmospheric dispersion model
described in Regulatory Guide 1.145. Modifications based on specific studies under
similar conditions may also be considered to better represent plume spread over unique
terrain features such as deserts (Ref. 121323) and large bodies of water (Ref. 192024).
For situations where a puff diffusion equation is used,
assumption.
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4.

Cumulative Frequency Distributions of X/Q
The cumulative probability distributions of X/Q are reviewed for inclusion of pertinent
modes and time periods of release, and adequacy of input data in accordance with the
guidelines set forth in Section 2.3.4.2 of the Standard Format (Ref. 11)Regulatory Guide
1.70.25 The methods used to generate these distributions are reviewed for adequacy and
conservatism.
For standard design certification reviews, site-related parameters, including values of
X/Q, should be identified in the site parameter envelope. The specified values should be
representative of credible, bounding characteristics. The reviewer verifies that the values
of X/Q in the site parameter envelope are consistent with the acceptance criteria given in
subsection II of this SRP section.
For an application referencing a certified standard design, the reviewer verifies that
measured site-related meteorological parameters for the proposed site have been used to
derive site-specific X/Q values and that these values are consistent with those identified
in the site parameter envelope for the certified design.26

5.

Relative Concentrations Used for Accidents
The X/Q values used for assessment of consequences of atmospheric radioactive releases
for design basis accidents and other accidents, and for onsite and offsite releases of
hazardous airborne gases are reviewed for appropriateness of atmospheric dispersion
model assumptions and input data, and adequate documentation of this information.
The staff makes an independent evaluation of atmospheric dispersion for pertinent
distances, usually the exclusion area boundary and the low population zone outer
boundary, using the appropriate meteorological data and dispersion model. Two
probabilistic approaches are available for evaluating atmospheric transport and diffusion
characteristics.
a.

A direction-dependent probabilistic approach using the X/Q values which are
exceeded 0.5% of the time in each of 16 directions from the plant. This
methodology is described in Regulatory Guide 1.145.

b.

A direction-independent probabilistic approach using the X/Q value which is
exceeded 5% of the time. This methodology is described in Reference 13Ref.
14.27

These values are assumed to represent conditions for a 2-hour period. X/Q values for
time periods greater than 2 hours are estimated for the LPZ distance by assuming a
logarithmic relationship between the "2-hour" value and the annual average value.
These values of X/Q based on appropriate models for appropriate time intervals and
distances are used in the analyses presented in Chapter 15 for dose assessment of design
basis accidents.
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X/Q values based on site-specific meteorological data are calculated, as needed, for
control room dose calculations and onsite and offsite releases of hazardous airborne
materials. These estimates are made on a case-by-case basis since the mode of release,
and therefore the dispersion models, vary.
For standard design certification reviews under 10 CFR Part 52, the procedures above should be
followed, as modified by the procedures in SRP Section 14.3 (proposed), to verify that the
design set forth in the standard safety analysis report, including inspections, tests, analysis, and
acceptance criteria (ITAAC), site interface requirements and combined license action items,
meet the acceptance criteria given in subsection II. SRP Section 14.3 (proposed) contains
procedures for the review of certified design material (CDM) for the standard design, including
the site parameters, interface criteria, and ITAAC.28
IV.

EVALUATION FINDINGS

The reviewer verifies that adequately conservative atmospheric dispersion models, with adequate
onsite meteorological data as input to the models, have been used to calculate relative
concentrations at appropriate distances and directions from postulated release points during
accidental airborne releases of potentially hazardous materials. If adequate onsite
meteorological data are not available for the construction permit review, the reviewer must
assure that adequate conservatism has been applied to the calculated relative concentrations for
accidental airborne effluent releases based on available data.29
For a CP, OL, COL, or early site permit, the The30 reviewer's evaluation must support the
following type of concluding statement, to be used in the staff's safety evaluation report:
The staff concludes that atmospheric dispersion estimates are acceptable and meet the
relevant requirements of General Design Criterion 19 and 10 CFR Part 100.11(a).31 This
conclusion is based on the conservative assessments of post-accident atmospheric
dispersion conditions that have been made by the applicant and the staff from the
applicant's meteorological data and appropriate diffusion models.
These atmospheric dispersion estimates are appropriate for the assessment of
consequences from (1) radioactive releases for design basis accidents in accordance with
10 CFR Part 100, 100.11(a) and (2) onsite and offsite releases of hazardous materials in
accordance with General Design Criterion 19.
In the determination of the atmospheric dispersion estimates, the applicant has followed
the guidelines of Regulatory Guides 1.5, 1.23, 1.24, 1.25, 1.77, 1.78, 1.95, and 1.145 (as
appropriate).
For an application referencing a certified design, the reviewer's evaluation must also support a
concluding statement similar to the following:
Measured meteorological parameters for the proposed site are consistent with those
identified in the envelope of site-related meteorological parameters provided in standard
plant design documents.32
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The input to the safety evaluation report will also include a brief summary of the relative
concentrations (X/Q) calculated by the staff, reference to dispersion models used, and a
comparison between the values computed by the staff and the applicant.
For design certification reviews, the findings will also summarize, to the extent that the review is
not discussed in other safety evaluation report sections, the staff’s evaluation of inspections,
tests, analyses, and acceptance criteria (ITAAC), including design acceptance criteria (DAC),
site interface requirements, and combined license action items that are relevant to this SRP
section.33
V.

IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees regarding the NRC
staff's plans for using this SRP section.
This SRP section will be used by the staff when performing safety evaluations of license
applications submitted by applicants pursuant to 10 CFR 50 or 10 CFR 52.34 Except in those
cases in which the applicant proposes an acceptable alternative method for complying with
specified portions of the Commission's regulations, the method described herein will be used by
the staff in its evaluation of conformance with Commission regulations.
The provisions of this SRP section apply to reviews of applications docketed six months or more
after the date of issuance of this SRP section.35
Implementation schedules for conformance to parts of the method discussed herein are contained
in the referenced regulatory guides.
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SRP Draft Section 2.3.4
Attachment A - Proposed Changes in Order of Occurrence
Item numbers in the following table correspond to superscript numbers in the redline/strikeout
copy of the draft SRP section.
Item

Source

Description

1.

Current PRB name and abbreviation

Changed PRB to Emergency Preparedness and
Radiation Protection Branch (PERB).

2.

SRP-UDP format item

Added reference to various types of review per 10
CFR Part 52.

3.

Integrated Impact No. 239

Identified site parameter envelope needed for standard
design certification.

4.

SRP-UDP format item

Added "Review Interfaces" to AREAS OF REVIEW.

5.

Integrated Impact 239

Included a review interface to new SRP section 2.3.6
for review of DC site parameter envelope.

6.

Editorial

Provided initialism for General Design Criterion 19.

7.

Editorial

Provided correct format for citing the Code of Federal
Regulations.

8.

Editorial

Used GDC 19 to reference General Design Criterion
19.

9.

Editorial

Specified 10 CFR 100.11(a).

10.

SRP-UDP format item

Added reference to various types of review per 10
CFR Part 52.

11.

SRP-UDP format item, develop
technical rationale

Added "Technical Rationale" to ACCEPTANCE
CRITERIA and described the bases for referencing the
GDC 19 and 10 CFR 100.11(a).

12.

SRP-UDP format item, develop
technical rationale

Added lead-in sentence for "Technical Rationale."

13.

SRP-UDP format item, develop
technical rationale

Added technical rationale for GDC 19.

14.

SRP-UDP format item, develop
technical rationale

Added technical rationale for 10 CFR Part 100.11(a).

15.

Editorial

Moved paragraph from EVALUATION FINDINGS
since its content related to REVIEW PROCEDURES.

16.

Editorial

Defined SAR as safety analysis report.

17.

SRP-UDP format item

Renumbered reference.

18.

SRP-UDP format item

Renumbered reference.

19.

SRP-UDP format item

Renumbered references.

20.

SRP-UDP format item

Replaced "reference" with abbreviation, "Ref.," and
renumbered reference.
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SRP Draft Section 2.3.4
Attachment A - Proposed Changes in Order of Occurrence

Item

Source

Description

21.

SRP-UDP format item

Renumbered reference.

22.

SRP-UDP format item

Renumbered reference.

23.

SRP-UDP format item

Renumbered reference.

24.

SRP-UDP format item

Renumbered reference.

25.

SRP-UDP format item

Replaced shortened title with Regulatory Guide 1.70.

26.

Integrated Impact No. 239

Added paragraphs to identify requirements of a site
parameter envelope for a standard design certification
and for an applicant referencing a certified design.

27.

SRP-UDP format item

Replaced "Reference" with abbreviation, "Ref.," and
renumbered reference.

28.

SRP-UDP Guidance, Implementation
of 10 CFR 52

Added standard paragraph to address application of
Review Procedures in design certification reviews.

29.

Editorial

Moved paragraph from EVALUATION FINDINGS to
REVIEW PROCEDURES because its content relates
to review procedures.

30.

SRP-UDP format item

Added reference to various types of review per 10
CFR Part 52.

31.

Editorial

Specified 10 CFR 100.11(a).

32.

Integrated Impact No. 239

Added the statement describing site parameter
envelope needed for standard design certification
review to EVALUATION FINDINGS.

33.

SRP-UDP Format Item, Implement
10 CFR 52 Related Changes

To address design certification reviews a new
paragraph was added to the end of the Evaluation
Findings. This paragraph addresses design
certification specific items including ITAAC, DAC, site
interface requirements, and combined license action
items.

34.

SRP-UDP Guidance, Implementation
of 10 CFR 52

Added standard sentence to address application of the
SRP section to reviews of applications filed under 10
CFR Part 52, as well as Part 50.

35.

SRP-UDP Guidance

Added standard paragraph to indicate applicability of
this section to reviews of future applications.

36.

Integrated Impact No. 239.

Added 10 CFR Part 52 to REFERENCES.
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SRP Draft Section 2.3.4
Attachment B - Cross Reference of Integrated Impacts

Integrated
Impact No.

Issue

SRP Subsections Affected

239

Modify review procedures for SRP Section
2.3.4 to require inclusion of site parameter
envelopes in applications for design
certification and manufacturing licenses (as
per 10 CFR Part 52). For applications
referencing a standard plant design, compare
requirements specified in the site parameter
envelope with measured conditions.

Subsection I, AREAS OF REVIEW, second
paragraph and new REVIEW INTERFACE.
Subsection III, REVIEW PROCEDURES,
Subparagraph 4.
Subsection IV, EVALUATION FINDINGS,
second paragraph.
Subsection VI, REFERENCES, new item 2.

641

Consider future work to revise RG 1.24 to
incorporate the results of the side-by-side
comparison between cited and current
versions of ICRP 2.

No changes to SRP.

1176

Revise the Acceptance Criteria, Review
Procedures, and Evaluation Findings as
necessary to incorporate the guidance of the
proposed draft Regulatory Guide ES 926-4
(second proposed revision 1 to RG 1.23).

No changes to SRP at this time, pending
issuance of final RG.
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