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Section 2.3.1 for the Virgil C. Summer Nuclear Station Units 2 and 3
Combined License Application, dated September 9, 2009.
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NRC RAI Letter No. 064 Dated September 9, 2009

SRP Section: 02.03.01 - Regional Climatology

QUESTIONS from Siting and Accident Conseq Branch (RSAC)

NRC RAI Number: 02.03.01-6

Footnote (b) to Revision 1 to FSAR Table 2.0-201 states that the maximum and
minimum normal air temperature site parameter values are the 1 % seasonal
exceedance magnitudes and the 1 % seasonal exceedance is approximately equivalent
to the annual 0.4% exceedance. FSAR Section 2.3.1.5 states that the "maximum
normal dry and coincident wet bulb temperature values (represented by the 0.4%
annual exceedance probability) for Columbia, South Carolina, are 97 OF and 76 °F,
respectively."

Please update the maximum normal air temperature site characteristics presented in
FSAR Table 2.0- 201 to include the 0.4% annual exceedance temperatures as stated in
FSAR Section 2.3.1.5.

VCSNS RESPONSE:

The requested changes have been made and are shown in the associated VCSNS
COLA revisions in response to RAI 02.03.01-7.

This response is PLANT SPECIFIC.

ASSOCIATED VCSNS COLA REVISIONS:

See response to RAI 02.03.01-7 for changes to VCSNS FSAR Table 2.0-201.

ASSOCIATED ATTACHMENTS:

None
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NRC RAI Letter No. 064 Dated September 9, 2009

SRP Section: 02.03.01 - Regional Climatology

QUESTIONS from Siting and Accident Conseq Branch (RSAC)

NRC RAI Number: 02.03.01-7

This question is related to the applicant's response to RAI 02.03.01-4. The staff
considered the response to RAI 02.03.01-4 and is concerned that the existing
presentation of temperature data in FSAR Table 2.0-201 and Section 2.3.1.5, does not
satisfy the requirements of 10 CFR 52.79(a)(1)(iii).

a. Revise FSAR Table 2.0-201 to include the 0% exceedence maximum and minimum
dry-bulb ambient design temperature site characteristic values based on the more
extreme of the recorded dry-bulb value or the 100-year return period dry-bulb value for
Columbia, SC. Provide an estimate of the concurrent wet-bulb value based on the
resulting dry-bulb value.

b. Revise FSAR Table 2.0-201 to include the 0% exceedence maximum non-concurrent
wet-bulb ambient design temperature site characteristic value based on the higher of
the maximum recorded non-coincident wet-bulb value or the 100-year return period
non-coincident wet-bulb value for Columbia, SC.

The applicant has chosen to list in FSAR Tier 2, Table 2.0-201, the maximum recorded
data from Columbia, SC as the VCSNS Units 2 & 3 maximum dry-bulb and coincident
wet-bulb 0% exceedence (historical limit) site characteristic values. Similarly, the
applicant has chosen to list in FSAR Tier 2, Table 2.0-201, the minimum recorded
datum from Columbia as the VCSNS 2 & 3 minimum dry-bulb 0% exceedence
(historical limit) site characteristic value. The applicant states in response to RAI
02.03.01-4 that because Table 2-1 of the AP1000 DCD, defines the 0% exceedence as
the historical limit, there is no requirement in the AP1 000 DCD for the VCSNS COL
application to use the 1 00-year return period temperatures as site characteristic values.
The staff believes otherwise, for the reason cited below.

10 CFR 52.79(a)(1)(iii) states the COL FSAR shall include "the seismic, meteorological,
hydrologic, and geologic characteristics of the proposed site with appropriate
consideration of the most severe of the natural phenomena that have been historically
reported for the site and surrounding area and with sufficient margin for the limited
accuracy, quantity, and time in which the historical data have been accumulated." The
AP1000 DCD defines the 0% exceedance ambient design temperature site parameters
as historical limits. 10 CFR 52.79(a)(1)(iii) states that the most severe temperatures
reported for the site and surrounding area as historical limits shall include sufficient
margin for the 2 limited accuracy, quantity, and time in which the historical data have
been accumulated. The staff considers temperatures based on a 100-year return period
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to provide sufficient margin for the limited accuracy, quantity, and period of time in
which the historical data have been accumulated as required by the regulation. This is
why SRP 2.3.1 states that 100-year return period ambient temperature and humidity
statistics should be identified as site characteristics. Thus, the staff believes the higher
of either the maximum recorded dry-bulb value or the maximum 100-year dry-bulb value
should be listed as the 0% exceedance maximum dry-bulb site characteristic value.
Similarly, the lower of either the minimum recorded dry-bulb value or the minimum 100-
year dry-bulb value should be listed as the 0% exceedance minimum dry-bulb site
characteristic value.

VCSNS RESPONSE:

The Westinghouse basis for the determination of Maximum Safety Dry Bulb and
Coincident Wet Bulb Temperatures, Maximum Safety Wet Bulb Temperature
(Noncoincident) and Minimum Safety Dry Bulb Temperature values reflected in the
AP1 000 reactor design is summarized below:

Maximum Safety Dry Bulb and Coincident Wet Bulb Temperatures. These site
parameter values represent a maximum dry bulb temperature that exists for 2
hours or more, combined with the maximum wet bulb temperature that exists in
that population of dry bulb temperatures. Note that this coincident wet bulb
temperature is not defined in the same way as the mean coincident wet bulb.

Maximum Safety Wet Bulb Temperature (Noncoincident). This site parameter
value represents a maximum wet bulb temperature that exists within a set of
hourly data for a duration of 2 hours or more.

Minimum Safety Dry Bulb Temperature. This site parameter value represents a
minimum dry bulb temperature that exists within a set of hourly data for a
duration of 2 hours or more.

The results reported in FSAR Table 2.0-201 were considered to be the site specific
parameters that reflected the design requirements necessary to compare with the
Westinghouse DCD criteria of evaluation given in Table 2-1 of the AP1 000 DCD.

However, based on the NRC Staff position stated in this RAI, the selection of the 0%
exceedence values from the 30-year data set of hourly temperatures is not sufficient to
meet 10 CFR 52.79(a)(1)(iii). Therefore, the VCSNS FSAR will be revised in a future
update to reflect the 100-year return period values for Maximum Safety Dry Bulb and
Coincident Wet Bulb Temperatures, Maximum Safety Wet Bulb Temperature
(Noncoincident) and Minimum Safety Dry Bulb Temperature as reported in VCSNS
FSAR Subsection 2.3.1.5.

Based on linear regression analyses for a 100-year return period using the Columbia,
SC data, the Maximum Safety Dry Bulb Temperature is estimated to be 11 2.4°F with a
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Maximum Coincident Wet Bulb Temperature estimated to be 74.5°F (using a polynomial
curve fit), the Minimum Safety Dry Bulb Temperature is estimated to be approximately
-8.9 0F, and the Maximum Safety Wet Bulb Temperature (Noncoincident) is estimated to
be 87.3°F (VCSNS FSAR Subsection 2.3.1.5).

With the exception of the 100-year return period value for Maximum Safety Wet Bulb
Temperature (Noncoincident), the plant-specific values are bounded by the DCD
Revision 17 Site Parameters.

The plant-specific Maximum Safety Wet Bulb Temperature (Noncoincident) exceeds the
DCD value of 86.1°F in Tier 1 Table 5-1 and Tier 2 Table 2-1 by 1.2°F. Therefore, an
exemption from 10 CFR Part 52, Appendix D, Section IV.A.2.d, pursuant to 10 CFR
52.7 and 52.93 and a departure from DCD Table 2-1 will be necessary. The plant-
specific Maximum Safety Wet Bulb Temperature (Noncoincident) has been evaluated
and it is concluded that the higher plant-specific Maximum Safety Wet Bulb
Temperature (Noncoincident) of 87.3)F will not adversely affect any safety-related
structure, systems or components.

In a future revision of the VCSNS COLA, SCE&G will request an exemption from 10
CFR Part 52, appendix D, Section IV.A.2.d , pursuant to 10 CFR 52.7 and 10 CFR
52.93 and a departure from DCD Table 2-1 for Maximum Safety Wet Bulb Temperature
(Noncoincident).

This response is PLANT SPECIFIC.

ASSOCIATED VCSNS COLA REVISIONS:

VCSNS COLA Part 2 will be revised in a future update as indicated below:

1. Revise the first three rows of VCSNS FSAR Table 2.0-201 from:

DCD Value Plant Specific Value FSAR
Section

Air Temperature

Maximum Safety(.) 115'F dry bulb/86.1°F coincident wet bulb(g) 105.1F dry bulb/80.2°F coincident wet bulb 2.3.1.5

86.1H F wet bulb (noncoincident) 82.5°F wet bulb (noncoincident)

Minimum Safety(a) -40°F -5°F

Maximum Normal(") 101oF dry bulb/80.10 F coincident wet bulb 94°F dry bulb/75°F coincident wet bulb

to read:
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DCD Value Plant Specific Value FSARSection

Air Temperature

Maximum Safety(a) 115'F dry bulb/86.1 0F coincident wet bulbOg) 112.4°F dry bulb/74.5°F coincident wet bulb 2.3.1.5
86.1°F wet bulb (noncoincident) 87.3°F wet bulb (noncoincident)l•

Minimum Safety(a) -40'F -8.9 0F

Maximum Normal(b) 101 0 F dry bulb/80.1 °F coincident wet bulb 97°F dry bulb/76°F coincident wet bulb

2. Add note (k) to VCSNS FSAR Table 2.0-201 as follows:

(k) See COLA Part 7 for the exemption and departure justification for Maximum Safety

Wet Bulb Temperature (Noncoincident).

3. Revise VCSNS FSAR Subsection 2.3.1.5 as shown below. For improved
readability, the last three paragraphs in Subsection 2.3.1.5 have been revised
and relocated after the seventh paragraph in the subsection.

2.3.1.5 Design Basis Dry and Wet Bulb Temperatures

Long-term, engineering-related climatological data summaries, prepared by the Air
Force Combat Climatology Center (AFCCC) and the NCDC for the nearby Columbia,
South Carolina, NWS station (Reference 202) are used to characterize typical design
basis dry and wet bulb temperatures for the VCSNS site. These characteristics include:

* Maximum ambient threshold dry bulb temperatures at annual exceedance
probabilities of 2.0 and 1.0%, along with the mean coincident wet bulb
temperatures at those values.

0 Minimum ambient threshold dry bulb temperatures at annual exceedance
probabilities of 99.0 and 99.6% (and properly interpreted as meaning that the dry
bulb temperatures in the distribution of minimum temperatures are lower only 1.0
and 0.4% of the time, respectively).

e Maximum ambient threshold wet bulb temperatures at annual exceedance
probabilities of 2.0 and 1.0%.

Based on a 24-year period of record from 1973 to 1996 for Columbia, South Carolina,
the maximum dry bulb temperature with a 2.0% annual exceedance probability is 92 0F,
with a mean coincident wet bulb temperature of 75°F. The maximum dry bulb
temperature with a 1.0% annual exceedance probability is 94 0F with a corresponding
mean coincident wet bulb temperature value of 75°F (Reference 202).

For the same period of record, the minimum dry bulb temperatures with 99.0 and 99.6%
annual exceedance probabilities are 24 0F and 20'F, respectively (Reference 202).
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The same summary for Columbia lists the maximum wet bulb temperature with a 2.0%
annual exceedance probability as 77°F; and the maximum wet bulb temperature with a
1.0% annual exceedance probability as 78°F (Reference 202).

The Westinghouse basis for the determination of maximum design basis dry and wet
bulb temperature values reflected in the AP1000 reactor design is summarized below:

* Maximum Safety Dry Bulb and Coincident Wet Bulb Temperatures. These site
parameter values represent a maximum dry bulb temperature that exists for 2
hours or more, combined with the maximum wet bulb temperature that exists in
that population of dry bulb temperatures. Note that this coincident wet bulb
temperature is not defined in the same way as the mean coincident wet bulb
values presented previously.

Maximum Safety Wet Bulb Temperature (Noncoincident). This site parameter
value represents a maximum wet bulb temperature that exists within a set of
hourly data for a duration of 2 hours or more.

Maximum Normal Dry Bulb and Coincident Wet Bulb Temperatures. The dry bulb
temperature component of this site parameter pair is represented by a maximum
dry bulb temperature that exists for 2 hours or more, excluding the highest 1% of
the values in an hourly data set. The wet bulb temperature component is similarly
represented by the highest wet bulb temperature excluding the highest 1 % of the
data, although there is no minimum 2-hour persistence criterion associated with
this wet bulb temperature. The coincident wet bulb temperature is not defined in
the same way as the mean coincident wet bulb values presented previously.

Maximum Normal Wet Bulb Temperature (Noncoincident). This site parameter
value represents a maximum wet bulb temperature, excluding the highest 1% of
the values in an hourly data set (i.e., a 1% exceedance), that exists for 2 hours or
more.

o Minimum Safety Dry Bulb Temperature. This site parameter value represents a
minimum dry bulb temperature that exists within a set of hourly data for a
duration of 2 hours or more.

Minimum Normal Dry Bulb Temperature. This site parameter value represents a
minimum dry bulb temperature excluding the lowest 1% of the values in an hourly
data set.

The VCSNS site characteristic maximum safety design basis dry bulb and wet bulb
temperature values were developed based on a set of sequential hourly meteorological
data recorded over 30 years of record from 1966 through 1995 at the Columbia, South
Carolina, NWS station (References 217 and 207).
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Consistent with the Westinghouse methodology, the highest dry bulb temperature that
persisted for at least 2 hours over this 30-year period was 105.1OF. The highest
coincident wet bulb temperature during this time period was determined to be 80.20 F.
This pair of values represents the maximumn safety dry bulb and coincident Wet bulb
temperatures, applicable to the VCSNS site-. The maximum safety-wet bulb temperature
(noncoincident), persisting for at least 2 hours, was determined to be 82.5 0F
(References 217 and 207).

The Air Force Combat Climatology Center-NCDC data summaries, from which the dry
bulb and mean coincident wet bulb temperatures and the maximum non-coincident wet
bulb temperatures were developed, do not include values that represent return intervals
of 100 years. Maximum dry bulb, minimum dry bulb, and maximum wet bulb
temperatures corresponding to a 100-year return period were derived through linear
regression using individual daily maximum and minimum dry bulb temperatures and
maximum daily wet bulb temperatures recorded over 30 years (i.e., from 1966 through
1995) at the Columbia, South Carolina, NWS station (References 217 and 207).
Because the 100-year return maximum dry bulb temperature is extrapolated from 30
years of observed data, no maximum coincident wet bulb temperature is directly
available.

The coincident wet bulb temperature corresponding to the maximum dry bulb
temperature was approximated by using a 47-year period (1 949-1995) of record from
the Columbia, SC station provided by the International Station Meteorological Climate
Summary (ISMCS) (Reference 242). To determine the 100-year return maximum
coincident wet bulb temperature, a polynominal curve is plotted to the data to estimate
coincident wet bulb temperature as a function of dry bulb temperature.

Based on linear regression analyses of these data sets for a 100-year return period, the
maximum dry bulb temperature is estimated to be 112.40F, the minimum dry bulb
temperature is estimated to be approximately -8.90 F, and the maximum wet bulb
temperature is estimated to be 87.30F. As discussed above, the 100-year return
maximum coincident wet bulb temperature (74.50 F) is estimated using a polynomial
curve fit.

10 CFR 52.79(a)(1)(iii) states the COL FSAR shall include "the seismic, meteorological,
hydrologic, and geologic characteristics of the proposed site with appropriate
consideration of the most severe of the natural phenomena that have been historically
reported for the site and surrounding area and with sufficient margin for the limited
accuracy, quantity, and time in which the historical data have been accumulated."
Temperatures based on a 100-year return period provide sufficient margin for the
limited accuracy, quantity, and period of time in which the historical data have been
accumulated as reguired by the regulation. Therefore, the higher of either the maximum
recorded values (dry bulb and non-coincident wet bulb) or the maximum 100-year
values are reported as the 0% exceedance maximum dry bulb site characteristic values.
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Similarly, the lower of either the minimum recorded dry bulb value or the minimum 100-
year dry bulb value are listed as the 0% exceedance minimum dry bulb site
characteristic value. For VCSNS, the maximum safety dry bulb / coincident wet bulb
temperatures are the 100-year return values of 112.40F (dry bulb) / 74.5°F (wet bulb).
The maximum safety noncoincident wet bulb temperature is the 100-year return value of
87.3°F (wet bulb). Similarly, the minimum safety dry bulb temperature is the 100-year
return value of -8.9°F.

The AP1000 DCD maximum and minimum normal temperature site characteristics are
1-percent (99-percent) seasonal exceedance values which are approximately equal to
the annual 0.4-percent (99.6-percent) annual exceedance values according to the 2001
ASHRAE Fundamentals Handbook (Reference 248).

Using the relationship from ASHRAE, the maximum normal dry and coincident wet bulb
temperature values (represented by the 0.4% annual exceedance probability) for
Columbia, South Carolina, are 97 0F and 76 0F, respectively) (Reference 202). Following
the same approach, the maximum normal wet bulb temperature (noncoincident) is
represented by the 0.4% annual exceedance probability wet bulb temperature (i.e.,
780F) (Reference 202). Record minimum temperatures observed in the VCSNS site
area are presented in Table 2.3-203 and summarized in Subsection 2.3.2.2.4. Among
the 14 NWS and cooperative observer network stations listed in Table 2.3-201, the
overall lowest temperature recorded was -5 0 F at a station (Chester 1 NW) (References
214 and 222) located about 30 miles to the north of the site.

Temperature readings from these data sources represent minimum daily values as
opposed to sequential hourly measurements taken at the Columbia, South Carolina,
first-order NWS station. Nevertheless, this record low temperature for the site area
represents a conservative estimate of both the minimum . afety and the minimum
normal dry bulb temperature in that it neither reflects the application of a 2-hour
persistence criterion nor the exclusion of the lowest 1.0% of the observed values, but
rather represents an overall, historical minimum temperature.

These climate-related site characteristic values are among the air temperature-related
site parameters listed in:

o DCD Tier 1, Table 5.0-1 (i.e., maximum safety dry bulb and coincident wet bulb
temperatures, maximum safety wet bulb temperature [noncoincident], and
minimum safety dry bulb temperature).

o DCD Tier 2, Table 2-1 (Sheet 1 of 3) (i.e., maximum safety dry bulb and
coincident wet bulb temperatures, maximum safety wet bulb temperature
[noncoincident], minimum safety dry bulb temperature, maximum normal dry bulb
and coincident wet bulb temperatures, maximum normal wet bulb temperature
[noncoincident], and minimum normal dry bulb temperature).
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Refer to Table 2.0-201 for a comparison between the site characteristic values and the
corresponding site parameter values.

The Air Feorce Comb-,at Climatology Center-,NCDCM data 1um from- which the dry'
bulb and ma.n coincident wet blb e mpeaures (presented earlier) and the 1.00%o
annual exreedan e probability dry, bulb and Wet bulb temperatures (presen÷ted above)

do not G1inlde values that represent return intepvals of 100Q years. Maximum dry' bulb,
mInimu dry' bulb, and maximum wet bulb tepraue co rrersponding to a 1 00-year

return period were derived through linear regression using individual daily maximum
and minimum d,' bulb temperatures and maximum daily wet bulb temperatures
recorded over 30 years , from 1966 through 1995) at the Columbia, South Carolia,
NWVS station (References 217 and 207). Because the I100-"ear return Maximum dr,
bulb temperature is extrapolated from 30 "ears of observed data, nomxiu

B" using a 17-year period (1949-1995) of record from the Columbia, SC statio
prov~ided by the International Station Meteorological Climate Summary' (ISMCS)
(Reference 242), coincident Wet bulb temperature can be correlated with dry bulb
temperature. To determine the 1 00-year return maximum coincident wet bulb
temperature, a polynominal curve as plotted to the data to estimate coincident wet builb
temperature as a function of dryý bulb temperature.

Based On linear regression analyses of these data sets for a 1 00-year return period, the
maximum dry' bulb temperature is estimated to be 1 12.4 0F, the minimum dry' bulb
temperature isestimated to be approximately -8.9'F=, and the maximum wet bulb
temperature isestimated to be 87.30F. As discussed above, the 1 00-year ret r

maximu coincident wet bulb temperature (74 .50F=) is estimated ursing a polynomial
G61P~e f mt.

ASSOCIATED ATTACHMENTS:

None


