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U.S. NUCLEAR REGULATORY COMMISSION

STANDARD REVIEW PI AN

OFFICE OF NUCLEAR REACTOR REGULATION

SECTION 2.3.4 SHORT TERM DIFFUSION ESTIMATES

REVIEW RESPONSIBILITIES
Primary - Site Anaiysis Branch (SAB)
Secondary - Accident Analysis Branch (AAB)
1. AREAS OF REVIEW
Information is presented by the applicant and reviewed by the staff concerning atmospheric

diffusion estimates for accidental releases of efflucnts to the atmosphere. The review

covers the following specific areas:

1. Atmospheric diffusion models to calculate relative corcentrations for accidental

radicactive and toxic gas release modes as determined by Acciden*t Analysis Branch,

2. Meteorological data summaries used as input to diffusion models.

3. Derivation of diffusion parameters from meteorological data.

4. Probability distributions of relative concentrations.

- Relative concentrations used for assessment of consequences of radicactive releases

for design basis (10 CFR Part 100) accidents, susite and offsite toxic gas releases,

and accidents that result in limited reieases of radiocactivity.

11. ACCEPTANCE CRITERIA

This section | be acceptable if the applicant has provided conservative estimates of
atmospheric diffusion at appropriate distances from the source for postulated accidental
releases of rad oactive and toxic materials to the atmosphere considering the plant as
both a source and a receptor, Guidelines for acceptability of models and conservati
appropriate to design basis calculations are Regulatory Guides 1.3, 1.4, 1.5 * °* 1,24,
1.5, and 1.77; National Oceanic and Atmospheric Administration (NOAA) Tech. 0-
randum ERL ARL-42; standard references such as "Meteorology and Atomic Energ A8

and Accident Analysis Branch and Site Analysis Branch positions., Since the staff makes
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an independent evaluation of atmospheric diffusion estimates hased on data from the onsite
meteorological measurements program and other nearby meteorologic. data, it is not neces-
sary for the applicant to duplicate the staff's final estimates. However, the applicant's
diffusion estimates should reasonably reflect staff positions and state-of-the-art
atmospheric diffusion knowledge. Specifically the following information is reauired:

1. The atmospheric diffusion mode's used by the applicant to calculate relative con-
centrations resulting from accidental airborne releases of radioactive and toxic
gases must be documented in detail and substantiated so that the staff can evaluate
their appropriateness to site and plant characteristics.

2. Meteorological data summaries to be used as input to the diffusion models must be
presented in joint freguency distribution form, These summaries must have been
generated from the vest available annual periods of data on record and contain data
acceptable to the staff which represent apyropriate hourly values of wind direction,
wind speed, and atmospheric stability for each mode of accidental release.

3. The atmospheric fiffusion parameters, such as lateral and vertical plume spread
(cy and cz) as a function of distance and windspeed, must be related to measured
meteorological parameters and substantiated as to their validity and degree of con-
servatism for use in estimating the consequences of - cidents within the range of
distances which are of interest for the plant.

4, Cumulative frequency distributions of relative concentrations (X/Q) based on mode
of release over appropriate time periods and on the aforementiored atmos<pheric
diffusion models, meteorological data summaries, and atmospheric diffusion para-
meters must be presented for appropriate distances such as the site boundary distance
and the outer boundary of the low population zone as specified in Section 2.3.4.2 of
the “"Standard Format and Contents of Safety Analysis Reports for Nuclear Power
Plants,” Revision 2. The methods of generating these distributions must be
adequately described.

5 Relative concentrations used for assessment of consequences of radioactive releases
for design basis (10 CFR Part 100) accidents, for onsite and offsite releases of
toxic gases, and for radioactive releases resulting from other accidents must be
presented.

II1. REVIEW PROCEDURES
1. Atmospheric Diffusion Models

The applicant's diffusion models are compared to the general Gaussian models which
are contained in Regulatory Guides 1.3 and 1.4 for elevated releases and ground
level releases with a wake correction (see also Reference 3). The suitability of
the models for mode of release, plant configuration, and site topography are re-
viewed. Accident Analysis Branch defines the modes of release and accidents to
be considered.
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A determination is made as to whether the release should be considered as an elevated
point source or a ground level point source with a volumetric correction vor turbu-
lent mixing in the wake of buildings. Generally the release is considered to be
elevated if the release point is at least twice as high as nearby solid structures.
Othor..3e, 2 ¢round level volumetric release formulation is usually used. The
voiumetric <orrection is usually based on 1/2 the minimum cross-sectional area of

the structure from which the effluent is released,

los* accideniei releases are considered a. continuous releases (i.e., >5 minutes
duration). However, in some instances, usually with explosions resulting in the
release of toxic chemicals, the releases may be considered as instantaneous (puffs).
For puff releases, instantanecus point scurce Gaussian diffusion equations are used
with a correction for initial source volume (Ref. 10).

If a site is located such that the horizontal (or vertical) plume spread via dif-
fusion is restricted by topography (or unusual meteorological conditions), the models
are examined for appropriate modification. Some of these conditions are narrow,

deep valleys, "fumigation" from elevated sources, and low level subsidence inver-
sions of temperature in the vertical direction.

Meteorological Data Summaries

The data summaries in joint frequency distribution form are reviewed for compata-
bility of data with the models utilized in the section above., General criteria are
stated in Regulatory Guide 1.23 and in 111.2 of Standard Review Plan 2.3.3.
Atmospheric Diffusion Parameters

Horizontal and vertical plume spread parameters, o and 40 85 functions of distance
and atmospheric stability are reviewed. The current procedure is to relate cy(r)
and fz(X) to vertical temperature difference classes as stated in Table 1 of Regu-
fatory Guide 1.23. Departures from this procedure are reviewed for adequate justifica-
tion, Such departures may be appropriate in the case of unusual sites (e.g., vailey
or coastal). The curves of fy and 9, with distance, which appear in "Meteorology
and Atomic Energy - 1968" are usually acceptable with the addition of a G stability
class.

In instances when a puff diffu-ion equation is used, gl o is usualy a good
assumption,

Cumulative Frequency Distributions of X/Q

A check is made ur the cumulative frequency distributions for inclusion of pertinent
modes and time periods of release, and adequacy of inpu’ data in accordance with
the guidelines set forth in Section 2.3.4.2 of the Staudard rarmat. The methods
used to generate these distributions are reviewed for adaquscy and conservatism.
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Relative Concentrations Used for Accidents

The X/Q values used for assessment of consequences of radizactive releases for
design basis accidents, for onsite and offsite releases of toxic gases, and for
radioactive releases resulting from other accidents are reviewed for appropriate-
ness and completeness of information.

An independent calculation of the probability distributions of X/Q is made for
pertinent distances (usually the exclusion area boundary and the iow population zone
outer boundary, LPZ) using the computer program CHI/Q (Ref. 11) and the joint fre-
quency distribution data for input. The most restrictive annual average X/Q values
are also computed at the site boundary and the LPZ using the same program and input
data. For 23seusment of tne consequences of design basis accident releases, the
value of X/Q at the "5% level" (value which is exceeded 5% of the time) is evaluated
at the exclusion bourdary and the LPZ. These values ar= assumed to represent condi-
tions for a two-hour period. X/Q values for time periods greater than twu hours

are estimated for the LPZ distance by assuming a logarithmic relationship between
the “two-nour" value and the annual average value.

Conservative (5%) values of X/Q from appropriate models for appropriate time
intervals and distances are transmitted to AAB for dose assessment of design basis
accidents.

For assessment of other accidents, the median (50%) values of X/Q for appropriate
time intervals and distances (usually the site boundary) are evaluated and trans-
mitted to AAB.

X/G values based on site-specific meteorological data are calculated, as needed,
for control room dose calculations and onsite and offsite releases of toxic gases.
These estimates are made on a case-by-case basis since the mode of release and ,
therefore, the diffusion models vary.

EVALUATION FINDINGS

The reviewer verifies that adequately conservative atmnsnheric diffusion models, with

adequate onsite meteorologicai data as input to the .odels, have been used to calculate
relative concentrations at appropriate distances and directions from postulated release
points during accidental airborne releases of pe tentialiy hazardous ma erials, If
adequate onsite meteorological data are not availaple for the construction permit review,

the reviewer must assure that adequate conservatism has been applied te the calculated
relative concentrations for accidental airborne effluent releases based on available

data.

Tha reviewer's evaluation must support the following type of concluding statement, to be

used in the staff's safety evaiuation report:
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"Conservativ~ assessments of post-accident atmospheric diffusion conditions have been

made by the staff from the applicant's meteorological data and appropriate
diffusion models.”

The input to the safety evaluation repcr-t will also include a brief summary of the rela-
tive concentrations (X/Q) calculated by the staff, reference to diffusion models used,
and a comparison between the values computed by the staff and the applicant.
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