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RS-002, “PROCESSING APPLICATIONS FOR EARLY SITE PERMITS”

ATTACHMENT 2

2.4.13 ACCIDENTAL RELEASES OF LIQUID EFFLUENTS IN GROUND AND SURFACE
WATERS

REVIEW RESPONSIBILITIES

Primary - Mechanical and Civil Engineering Branch (EMEB) 

Secondary - Emergency Preparedness and Plant Support Branch (IEPB)

I. AREAS OF REVIEW

The ability of the groundwater and surface water environment to delay, disperse, dilute, or
concentrate accidental radioactive liquid effluent releases is reviewed with emphasis on relating
the effects of such releases to existing and known future uses of groundwater and surface
water resources.  (Note: The effects of normal releases and of the more likely accidents are
discussed in the applicant’s environmental report.)

II. ACCEPTANCE CRITERIA

Acceptance criteria for this section of this review standard relate to 10 CFR Parts 52 and 100
(Refs. 1 and 2) as they require that hydrologic characteristics of the site be evaluated with
respect to the consequences of the escape of radioactive material from the facility.

Compliance with 10 CFR Parts 52 and 100 requires that local geological and hydrological
characteristics be considered when determining the acceptability of a nuclear power plant site.
The geological and hydrological characteristics of the site may have a bearing on the potential
consequences of radioactive materials escaping from a nuclear power plant or plants of
specified type (or falling within a plant parameter envelope [PPE]) that might be constructed on
the proposed site.  Special precautions should be planned if a reactor or reactors would be
located at a site where a significant quantity of radioactive effluent could accidentally flow into
nearby streams or rivers or find ready access to underground water tables.

These criteria apply to Section 2.4.13 of this review standard because the reviewer evaluates
site hydrologic characteristics with respect to the potential consequences of radioactive
materials escaping from a nuclear power plant or plants of specified type (or falling within a
PPE) that might be constructed on the proposed site.  Radionuclide transport characteristics of
groundwater and surface water environments are reviewed with respect to accidental releases
in order to ensure that current and future users of groundwater and surface water are not
adversely affected by an accidental release from a nuclear power plant or plants of specified
type (or falling within a PPE) that might be constructed on the proposed site.  Regulatory
Guides 1.113 and 4.4 (Refs. 3 and 4) provide guidance in selecting and using surface water
models for analyzing the flow field and dispersion of contaminants in surface waters.
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Meeting the requirements of 10 CFR Parts 52 and 100 provides reasonable assurance that
accidental releases of liquid effluents to groundwater and surface water, and their adverse
impact on public health and safety, will be minimized.

For those cases where a reactor design is not specified, the ESP applicant may instead provide
a PPE to characterize a facility or facilities for comparison with the hydrologic characteristics of
the site.  A PPE can be developed for a single type of facility or a group of candidate facilities
by selecting limiting values of parameters.  Important PPE parameters for safety assessment
Section 2.4 include but are not limited to precipitation (e.g., maximum design rainfall rate and
snow load) and the allowable site water level (e.g., maximum allowable flood or tsunami surge
level and maximum allowable ground water level). 

To meet the requirements of 10 CFR Parts 52 and 100 with respect to accidental releases of
liquid effluents, the following specific criteria are used:

1. Radionuclide transport characteristics of the groundwater environment with respect to
existing and future users should be described.  Estimates and bases for coefficients of
dispersion, adsorption, groundwater velocities, travel times, gradients, permeabilities,
porosities, and groundwater or piezometric levels between the site and existing or
known future surface water and groundwater users should be described and be
consistent with site characteristics.  Potential pathways of contamination to groundwater
users should also be identified.  (Ref. 5)  Sources of data should be described and
referenced.

2. Transport characteristics of the surface water environment with respect to existing and
known future users should be described for conditions which reflect worst-case release
mechanisms and source terms so as to postulate the most pessimistic contamination
from accidentally released liquid effluents.  Estimates of physical parameters necessary
to calculate the transport of liquid effluent from the points of release to the site of
existing or known future users should be described.  Potential pathways of
contamination to surface water users should be identified.  Sources of information and
data should be described and referenced.  Acceptance is based on the staff’s evaluation
of the applicant’s computational methods and the apparent completeness of the set of
parameters necessary to perform the analysis.

3. Mathematical models (Refs. 4 and 6) are acceptable to analyze the flow field and
dispersion of contaminants in groundwater and surface water, providing that the models
have been verified by field data and that conservative site-specific hydrologic
parameters are used. Furthermore, conservatism should be the guide in selecting the
proper model to represent a specific physical situation.  Radioactive decay and sediment
adsorption may be considered, if applicable, providing that the adsorption factors are
conservative and site specific.  Regulatory Guide 1.113 provides guidance in selecting
and using surface water models.  References 7 through 15 discuss the discuss the
transport of fluids through porous media.

III. REVIEW PROCEDURES

Section 2.4.13 of the applicant’s safety assessment is reviewed to identify any missing data,
information, or analysis necessary for the staff’s evaluation.  Applicant responses to the
requested information will be evaluated using the methods outlined below, and staff positions
will be developed.  Resolution, if possible, of differences between the staff’s and the
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applicant’s estimation of liquid effluent dispersion will be coordinated through the NRR project
manager; and the safety evaluation report (SER) will be written accordingly. 

The staff will make independent calculations of the transport capabilities and potential
contamination pathways of the groundwater environment under accidental conditions with
respect to existing and future users.  Special attention should be directed to planned use of
permanent dewatering systems to ensure that pathways created by those systems have been
identified.  The staff will, in consultation with IEPB and the Plant Systems Branch (SPLB),
choose the accident scenarios leading to the most adverse contamination of the groundwater or
the surface water via the groundwater pathways.  For example, SPLB can provide advice
regarding potential radioactive sources from radioactive waste systems.  Analysis of the
contamination will commence with the simplest models, such as those presented in References
6 and 16, using demonstrably conservative assumptions and coefficients.  Dilutions and travel
times (or alternatively, concentrations directly) resulting from the preliminary analyses will then
be checked by IEPB to determine acceptability.  If the indicated concentrations of radionuclides
identified by IEPB are less than the values identified in 10 CFR Part 20, Appendix B, Table 2,
Column 2 (Ref. 17), no further computational efforts will be warranted.  Further analyses using
progressively more realistic and less conservative modeling techniques, such as those of
References 18 and 19, will be undertaken if the preliminary results are not acceptable.

Independent calculations will be made of liquid effluent transport for the surface pathways
identified.  For preliminary analysis, the staff will employ simplified calculational procedures or
models, such as those contained in References 3 and 20.  The analysis will be performed using
demonstrably conservative coefficients and assumptions, and the physical conditions (such as
lowest recorded river flow) likely to give the most adverse dispersion of the liquid effluent.  The
applicant’s model assumption and results will be compared with the staff’s results to ensure that
the results are comparably conservative.  The estimation of liquid effluent dispersion will reflect
potential future changes that might result from variations in use by known future surface and
groundwater users.

Concentrations of radionuclides in the body of water under consideration will be calculated
based on the staff’s dispersion computations and with initial concentrations provided by the
IEPB for the most critical event.  Acceptability of the resultant concentrations of radioactive
effluent at the points of interest will be determined by consultation with IEPB.  If the
concentrations of the diluted liquid effluents computed by the staff are within acceptable limits
of Appendix B, Table 2, Column 2, of 10 CFR Part 20, no further computation effort is indicated. 
If the concentrations computed by conservative simplified methods exceed the limits of 10 CFR
Part 20, more precise and less conservative models, such as those used for hydrothermal
prediction (Reference 21), and coefficients will be employed by the staff.

IV. EVALUATION FINDINGS

For early site permit (ESP) reviews, the findings will summarize the applicant’s and the staff’s
estimates of dilution factors, dispersion coefficients, flow velocities, travel times, and potential
contamination pathways between the site and the nearest water user in conformance with 10
CFR Parts 52 and 100.  If the estimates are comparable, or if no potential problem exists, staff
concurrence with the applicant’s estimates will be stated.  If the staff predicts substantially more
conservative conditions, a statement of the staff basis will be made.
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Sample statements for ESP reviews follow:

As set forth above, a postulated failure of the miscellaneous waste collection
tank (for the plant type specified by the applicant, the tank outside of
containment with the highest radioactive inventory) was analyzed to estimate the
concentration of radioactive contaminants in nearby wells.  The contents of the
tank were conservatively assumed to enter the groundwater instantaneously,
and the nuclides were assumed to travel with the water with no credit taken for
ion exchange processes.  The nearest downgradient potable water well is
located 880 meters (2900 feet) northeast of the plant site.  Assuming a very high
permeability of 15 micrometers (590 microinches) per second, the travel time to
the nearest down gradient potable well was 9.5 years.  The calculated
concentrations of all nuclides were well below the maximum permissible
concentrations listed in 10 CFR Part 20, Appendix B, Table 2.  In this analysis, it
was also assumed that the contents of the tank traveled with the groundwater to
A Creek.  It was then assumed to mix with creek water, flow into Lake B, and
then to the water supply intake for the city of C.  Concentrations at the water
supply intake for the city of C were also small fractions of 10 CFR Part 20 limits
for all nuclides.

A postulated failure of the distillate storage tank for a plant of the type specified
by the applicant [or falling within the PPE submitted by the applicant] that might
be constructed on the proposed site, which would be located in the plant yard,
was also analyzed.  It was conservatively assumed that the entire contents of the
tank are introduced, as a slug release, into Lake B at the mouth of A Creek.  (In
reality, a failure of this tank would result in effluent flowing through the site
drainage to A Creek, where it would be diluted before entering the lake.) Our
analysis showed that the concentration of all nuclides would be small fractions of
the 10 CFR Part 20 limits at the water supply intake for the city of C.

Based on these considerations, the staff finds that the applicant has adequately
described the site characteristics, and these characteristics are acceptable to
ensure that liquid effluent radiological consequences will be within regulatory
limits for the facility specified by the applicant [or a facility falling within the PPE
submitted by the applicant].  The applicant’s site description meets the
requirements of 10 CFR Parts 52 and 100 with respect to potential accidental
releases of radioactive liquid effluents.

V. IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees regarding the NRC
staff's plans for using this section of this review standard.

This section will be used by the staff when performing safety evaluations of ESP applications
submitted by applicants pursuant to 10 CFR Part 52.  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.

Implementation schedules for conformance to parts of the method discussed herein are
contained in the referenced regulatory guides.
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