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U.S. Nuclear Regulatory Commission
ATTN: Document Control Desk
Washington, D.C. 20555

Gentlemen:

In the Matter of the Application of ) Docket Nos. 50-390
Tennessee Valley Authority ) 50-391

WATTS BAR NUCLEAR PLANT (WBN) UNITS 1 AND 2 - SEVERE ACCIDENT MITIGATION
DESIGN ALTERNATIVES (SAMDAs) ANALYSIS - METHODOLOGY BASIS (TAC NUMBERSt77222
ANDA'77223)

This letter provides TVA's methodology for addressing the subject analysis
for WBN, in response to NRC's letter dated January 29, 1991.

Enclosed is TVA's methodology for evaluating the benefits derived from SAMDA.
This methodology utilizes the WBN-specific Probabilistic Risk Assessment
(PRA) submitted to NRC on September 1, 1992, in response to Generic Letter
(GL) 88-20 and the Sequoyah Nuclear Plant (SQN) specific offsite radiological
data of NUREG-1150. The enclosure provides justification regarding the
acceptability of this methodology.

This methodology is consistent with the efforts taken by Comanche Peak and
Limerick Nuclear Plants and provides the means for performing the SAMDA
value/impact analyses, as outlined in NUREC/CR-4243. TVA is prepared to
discuss this methodology, by teleconference or meeting, if needed. TVA plans
to submit the SAMDA analysis to NRC by May 1993.

If you have any comments, please telephone John Vorees at (615) 365-8819.

Very truly yours,

William J. Musf#4i
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ENCLOSURE

WATTS BAR NUCLEAR PLANT (WBN) UNITS 1 AND 2
SEVERE ACCIDENT MITIGATION DESIGN ALTERNATIVES (SAMDA)

METHODOLOGY BASIS

INTRODUCTION

In Reference 1, NRC provided an outline of information needed for review of SAMDA
related to WBN. TVA is developing a methodology to identify and evaluate
candidate SAMDA in response to that request. This methodology will utilize the
results of the WBN-specific Individual Plant Examination (IPE) (Reference 2), in
conjunction with the NUREG-1150 (Reference 3) offsite dose evaluations developed
for Sequoyah Nuclear Plant (SQN), to determine the potential benefits of
candidate SAMDA. The IPE results will be utilized to examine externally proposed
SAMDA for applicability at WBN and to identify specific system enhancements that
should be considered for SAMDA evaluation. The benefits associated with a
candidate SAMDA will be based on the value of the averted population dose within
a 50-mile radius of the WBN site as described in NUREG/CR-4243 (Reference 4).

This submittal provides the basis for the acceptability of using the results of
the NUREG-1150 offsite dose evaluations for SQN at WBN. The WBN IPE is a Level
1 and 2 Probabilistic Risk Assessment (PRA) which provides WBN-specific core
damage frequencies and containment failure frequencies. However, the WBN IPE
does not calculate offsite consequences. Due to the similarities between the WBN
and SQN sites, the source terms and person-rem dose conversion factors developed
by NRC during the NUREG-1150 effort should provide reasonable offsite dose
estimates for evaluating identified SAMDA.

APPLICABILITY OF SQN SOURCE TERMS

NUREG-1150, Section 5.4 discusses the Source Term Analysis for SQN. This section
identifies plant characteristics that are key attributes for defining accident
source terms. For SQN, these are the ice condenser containment, the reactor
cavity configuration, and the containment spray system. SQN and WBN are similar
Westinghouse Ice Condenser units, and the key attributes for defining source
terms are essentially identical between the two plants. The other primary design
aspect for a commercial light water reactor which influences the source term is
the reactor core thermal rating. This rating is approximately 3400 MW for both
plants. Based on these aspects, the source terms identified in NUREG-1150 for
SQN are directly applicable to WBN.

It should be noted that various source term classifications are identified and
used for SQN in NUREG-1150. These classifications customize the source terms for
a particular event based on the timing and severity of a postulated core damage
event with containment degradation. The timing and probability of a particular
sequence is based on the results of the plant-specific PRA. TVA will select the
appropriate NUREG-1150 source term classes for the dominant WBN severe accident
events based on the accident sequences identified in the WBN IPE.

Page 1 of 10



ENCLOSURE

WATTS BAR NUCLEAR PLANT (WBN) UNITS 1 AND 2
SEVERE ACCIDENT MITIGATION DESIGN ALTERNATIVES (SAMDA)

METHODOLOGY BASIS

APPLICABILITY OF SON DOSE CONVERSION FACTORS

The person-rem dose is the product of the radiation dose seen in a given area and
the exposed population in that area. A simplified typical formula for
calculating offsite dose is provided below and is based on equations in Chapter
15 of the WBN Final Safety Analysis Report (FSAR).

Dose = (Constant) * (X/Q) * ((Sum of activity for various isotopes) *
(Sum of energy released from the decay of each isotope))

Based on this equation, the dose is linearly proportional to atmospheric
dispersion factor (X/Q). The person-rem dose or a person-rem dose conversion
factor is linearly proportional to both the atmospheric dispersion factor and the
population. Given this relationship, the appropriateness of utilizing the dose
conversion factors developed for SQN in NUREG-1150 at WBN can be substantiated
if the product of the atmospheric dispersion factor and the exposed population
for each site are comparable. Alternatively, the SQN data may be used to bound
the WBN results if the product is greater for SQN than for WBN.

The population and population distributions of the two sites are described in
Section 2.1.3 of the respective FSARs (References 5 and 6) of each site. Similar
to the risk estimates described in NUREG-0775 and NUREG-0974 (References 7 and
8, respectively), the population within 50 miles of the plant will define the
population base of consideration for TVA's evaluation of selected SAMDAs for WBN.
For the purpose of this justification, the population based on the latest census
information (circa 1980) from each plant's FSAR will be utilized. The population
distribution within 50 miles of each site is as follows:

TABLE 1

Miles From Site Population - SQN* Population - WBN*
0 - 10 (Zone 1) 32,710 12,335

10 - 20 (Zone 2) 320,675 63,445
20 - 30 (Zone 3) 132,795 117,660
30 - 40 (Zone 4) 147,490 144,975
40 - 50 (Zone 5) 102.600 411.040

TOTAL 736,270 749,455

* SQN data taken from Table 2.1.3-8 of the SQN FSAR and WBN data taken
from Table 2.1-11 of the WBN FSAR. It should be noted that the 1990
general census population data has been received by TVA; however,
the disaggregation by geographical boundaries has not been received.
The actual 1990 census general population data is less than the
projected 1990 population data in the WBN FSAR Table 2.1-12.
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WATTS BAR NUCLEAR PLANT (WBN) UNITS 1 AND 2
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Note that credit for evacuation, relocation, and sheltering for the surrounding
population is taken to reduce the dose to the public. The credit allowed in
NUREG-1150 was based on several factors such as the magnitude of the population
affected and emergency preparedness program of the subject utility. Since the
same emergency preparedness program is (or will be) in effect at WBN and SQN and,
to a large extent, the same population will be affected, it is appropriate to
allow the same credit at both plants. It should be noted that the population
density around WBN is significantly lower than SQN in Zones 1 through 3. This
is due to the proximity of SQN to the Chattanooga metropolitan area and the
relative remoteness of WBN to immediate large population centers.

Atmospheric dispersion factors based on a yearly average as predicted by a
MESOPUFF II model (Reference 9) are used to compare the expected dispersion of
a release from either WBN or SQN. While these atmospheric dispersion factors
have been developed for predicting offsite doses due to routine releases, they
provide a logical basis for comparing the dispersion of a severe accident release
from either WBN or SQN. Point estimates of the atmospheric dispersion factor at
5, 15, 25, 35 and 45 miles from each site in the south direction have been
selected for evaluating the appropriateness of using the SQN dose conversion
factors from NUREG-1150 at WBN. The southern direction was chosen because the
major population center within 50 miles of either site is Chattanooga, which is
south to south-west of the two sites.

Color-coded plots of the X/Q distribution up to 80 Km (50 miles) from each site
are provided as Figures 1 and 2 for SQN and WBN, respectively. These plots show
that the X/Q distribution around each site is reasonably symmetric and concentric
about the site, with a slight bias in the north and south directions due to the
Tennessee River and local mountains that have this same orientation.

The point estimate X/Qs taken from the data used to generate these figures are
provided in Table 2 below.

TABLE 2

Miles From Site X/Q - SQN X/Q - WBN

5 (Zone 1) 3.6 E-07 2.5 E-07
15 (Zone 2) 5.4 E-08 2.7 E-08
25 (Zone 3) 1.6 E-08 9.4 E-09
35 (Zone 4) 6.4 E-09 4.6 E-09
45 (Zone 5) 3.5 E-09 3.2 E-09
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WATTS BAR NUCLEAR PLANT (WBN) UNITS 1 AND 2
SEVERE ACCIDENT MITIGATION DESIGN ALTERNATIVES (SAMDA)
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The sum of the product of each population zone and its corresponding X/Q provides
a basis for comparing the dose conversion factors that would be appropriate for
each site. This comparison is shown in Table 3 below.

TABLE 3

Pop. * XZO_- SQN

1.2 E-02
1.7 E-02
2.1 E-03
9.4 E-04
3.6 E-04

Pop. * X/Q - WBN

3.1 E-03
1.7 E-03
1.1 E-03
6.7 E-04
1.3 E-03

SUM 3.2 E-02

Comparing the sums of the two columns in Table 3, it can
for SQN is approximately a factor of 4 greater than WBN.
SQN dose conversion factors at WBN provides conservative
for WBN events.

be seen that the value
Therefore, use of the

offsite dose estimates

CALCULATION OF THE DOSE CONVERSION FACTORS

The dose conversion factors which will be used by TVA for evaluating candidate
WBN SAMDAs are based on the 50-mile population doses calculated for the Summary
Accident Progression Bins (APBs) in NUREG-1150. The characteristics that are
used to define an APB are based on the primary accident progression attributes
that influence a source term, e.g., the timing and failure mode of the reactor
pressure vessel and containment. The manipulation of the data contained in
NUREG-1150 and NUREG/CR-4551 (Reference 10) into a format that can be readily
applied at WBN is shown in Table 4 and is explained below.

Column 1 of Table 4 shows the Summary APB Categories identified in NUREG/CR-4551.
Column 2 of this table provides the frequency of the WBN-specific events for each
summary APB category. These event frequencies have been derived directly from
the WBN IPE by binning the WBN IPE results, i.e., Release Categories, into the
appropriate APB category.

The NUREG-1150 risk assessment for SQN produced a distribution of values for the
population doses at 50-miles, and the mean population dose risk calculated for
SQN in NUREG/CR-4551 is 12 person-rem per reactor-year. From this mean dose
risk, dose risk associated with each APB can be estimated. The data used to
calculate the APB specific doses are shown in Columns 3 through 5 of Table 4.
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Column 3 shows the percentage of the mean dose associated with each APB category.
These percentages are based on the Fractional Contribution to Mean Risk (FCMR)
methodology as defined in NUREG/CR-4551. The FCMR methodology is a statistical
technique to determine the average result on a global basis over the entire
distribution of results. Column 4 shows the dose risk frequency determined by
applying the Column 3 percentages to the dose of 12 person-rem per reactor-year.
Column 5 provides an estimate of the distribution of the SQN-specific event
frequencies for each summary APB category. Dividing the dose risk frequencies
shown in Column 4 by the event frequencies in Column 5, a frequency independent
dose associated with a given APB category can be produced. This frequency
independent dose is a representative estimate of the dose that would result from
a representative release of a given APB for any plant that had meteorology, a
population density, an emergency preparedness plan, etc., that was similar to
SQN. These doses are shown in Column 6. The population dose risk frequency at
WBN can be estimated by multiplying the dose shown in Column 6 by the WBN
frequencies shown in Column 2. The resulting population dose risk frequencies
are shown in Column 7. The values shown in Column 7 provide the baseline dose
risk that will be used to screen candidate SAMDAs.

SUMMARY AND CONCLUSION

TVA intends to use the WBN-specific IPE results to evaluate candidate SAMDAs.
To simplify this process, TVA will use the SQN source terms and dose conversion
factors developed in NUREG-1150 and NUREG/CR-4551 to assess the effect of a SAMDA
on the WBN 50-mile population dose.

The important plant aspects that control the magnitude and composition of a
severe accident source term have been identified and compared. This comparison
has demonstrated that the source terms developed for SQN are acceptable for use
at WBN for this purpose. The process for converting the NUREG-1150 offsite
consequence results into a format that can be readily used with the WBN IPE
results has been demonstrated, and the WBN baseline population doses have been
determined using this methodology. Based on this methodology, it has been
demonstrated that the dose conversion factors developed for SQN in NUREG-1150
provide a reasonable basis for estimating the benefits associated with candidate
SAMDAs at WBN.

TVA plans to use the methodology and data discussed in this submittal to assess
the relative changes in the estimated population doses that could be recognized
by the implementation of a SAMDA. The benefit of candidate SAMDAs will be
determined in the terms of person-rems averted. Note that further refinement of
this methodology may be pursued if deemed necessary during the detailed
assessment of candidate SAMDAs.
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TABLE 4
SUMMARY OF ACCIDENT

PROGRESSION BINS (APB) AND 50-MILE POPULATION DOSES

Summary WBN IPE SQN SQN SQN WBN
APB Mean NUREG/CR- NUREG/CR- NUREG/CR-4551 Representative Population

Category Probability 4551 4551 Mean Population Dose Risk
of Summary Population Population Probability Dose Frequency

APBs dose Dose Risk Estimates of (person-rem) (person-
(/rx-yr) Percentage - Frequency Summary APBs rem/

FCMR (person-rem/ (/rx-yr) rx-yr)
rx-yr)

(1) (2) (3) (4) (5) (6) (7)

VB, early CF 5.87-6 3.7 0.44 2.79-7 1.58+6 9.27
(during CD)

VB, alpha, early 2.03-6 0.7 8.42-2 1.12-7 7.50+5 1.52
CF (at VB)

VB > 200 psi, 3.67-7 21.0 2.52 1.95-6 1.29+6 0.47
early CF (at VB)

VB < 200 psi, 3.05-7 14.7 1.76 1.28-6 1.38+6 0.42
early CF (at VB)

VB, late CF 8.88-5 4.9 0.59 2.12-6 2.78+5 24.7

VB, BMT, very 6.30-6 6.9 0.83 9.54-6 8.68+4 0.55
late CF

Bypass 1.31-5 42.9 5.15 3.12-6 1.65+6 21.5

VB, No CF 1.70-4 0.1 1.2-2 1.50-5 8.00+2 0.14

No VB, early CF (8) 5.0 0.6 6.14-7 9.77+5 (8)
(during CD)

No VB 4.20-5 0.1 1.2-2 2.07-5 5.80+2 0.02

Notes: See Top of Next Page
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Notes For Table 4

(1) Summary APB Categories taken directly from NUREG/CR-4551

(2) Values obtained by binning and summing the Release Category Frequencies
shown in Table 4.10-1 of Reference 10

(3) Values taken from Table 5.1-3 of Reference 10

(4) Product of the mean 50-mile population dose shown in Table 5.1-1 of
Reference 10, i.e. , 12 person-rem per reactor-year, and the percentages
in Column 3 of Table 4 in this submittal

(5) Values calculated by multiplying the weighted average contribution of
the APBs (shown in Figure 2.5-3 of Reference 10, with the SQN mean core
damage frequency of 5.58 E-05)

(6) Calculated by dividing Column 4 by Column 5

(7) Calculated by multiplying Columns 2 and 6

(8) No contributors with frequencies greater than 1.0-10
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