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DOMINION VIRGINIA POWER
NORTH ANNA UNIT 3 COMBINED LICENSE APPLICATION
RESPONSE TO RAI LETTER 150

On December 9, 2014, the NRC transmitted a letter requesting additional information to
support the review of certain portions of the North Anna Unit 3 Combined License
Application (COLA), which consisted of one question.

The response to the Request for Additional Information (RAI) Question listed below is
provided in the attached enclosure:

0 RAI 7745, Question 06.04-8 Control Room Habitability System

This information will be incorporated into a future submission of the North Anna Unit 3
COLA, as described in the enclosure.

Please contact Regina Borsh at (804) 273-2247 (regina.borsh@dom.com) if you have
questions.

Very truly yours,

Mark D. Mitchell

Enclosure:

Response to NRC RAI Letter No. 150, RAI 7745 Question 06.04-8

Commitments made by this letter:

This information will be incorporated into a future submission of the North Anna
Unit 3 COLA, as described in the enclosure.
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COMMONWEALTH OF VIRGINIA

COUNTY OF HENRICO

The foregoing document was acknowledged before me, in and for the County and
Commonwealth aforesaid, today by Mark D. Mitchell, who is Vice President-Generation
Construction of Virginia Electric and Power Company (Dominion Virginia Power). He
has affirmed before me that he is duly authorized to execute and file the foregoing
document on behalf of the Company, and that the statements in the document are true
to the best of his knowledge and belief.

Acknowledged before me this 3 day of leU,•aý,, ,Q.D0 I

My registration number is 1, 5 31 3 and my

Commission expires: Se-qer,. Q0o2•1•,'

M- -"-PQih~,x .,Jý C•=&4"..........',
Notary Pu•:c %•.•- m_.••

".LTh ,,/I$'# fill W%%"

cc: U. S. Nuclear Regulatory Commission, Region II
P. H. Buckberg, NRC
T. S. Dozier, NRC
G. J. Kolcum, NRC
D. Paylor, VDEQ
W. T. Lough, SCC
P. W. Smith, DTE
M. K. Brandon, DTE
R. J. Bell, NEI
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION

North Anna Unit 3

Dominion

Docket No. 52-017

RAI NO.: 7745 (RAI Letter 150)

SRP SECTION: 06.04. - CONTROL ROOM HABITABILITY SYSTEM

DATE OF RAI ISSUE: 12/9/2014

QUESTION NO.: 06.04-8

According to the applicant's chemical hazards analyses, when meteorological stability class F
was selected, only a night time temperature of 71.5 F was used. During a public meeting held
on October 30, 2014, the applicant explained that a temperature of 91.5 F, was not realistic to
coexist with meteorological stability class F.

RG 1.78, Section C, 3.3, states, "Irrespective of the dispersion model or the analysis tool used,
the value of the atmospheric dilution factor between the release point and the control room that
is used in the analysis should be that value that is exceeded only 5% of the time."

Staff requests a clarification on whether the analysis relied upon by the applicant (as discussed
in the first paragraph of this RAI) employs the RG 1.78, Section C, 3.3 provisions (quoted in the
second paragraph of this RAI). Please provide technical basis and justification to support the
explanation.

Dominion Response:

The technical bases employed to develop meteorological sensitivity cases used for the chemical
hazards analysis are presented below. For clarity, this response is divided into three parts: a
summary of the approach and regulatory requirements, the rationale for the sensitivity analysis
design, and an examination of onsite meteorological conditions to demonstrate that the analysis
methodology is consistent with the requirements of Regulatory Guide 1.78, Section C, 3.3.

Part 1: Meteorological Sensitivity Analysis Approach and Regulatory Requirements

To develop an appropriate meteorological sensitivity analysis, which includes the identification
of a spectrum of meteorological conditions as required by RG 1.206, several factors were taken
into account for the identified hazard scenarios:

Accident Type (hazard scenario) / Release Characteristics (chemical properties)
The chemical properties of the released substance can significantly affect the release
rate of the chemical into the atmosphere. For example, a higher wind speed will yield
higher evaporation rates for liquid releases and, therefore, increase the rate at which a
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chemical is released into the atmosphere. However, higher wind speeds will also
generate greater dispersion once the chemical is released into the atmosphere. Factors
which can influence downwind concentrations include: chemical properties, release
conditions, meteorological conditions, and the relative locations of the hypothesized
source and receptor.

For the Unit 3 chemical hazards analyses, Dominion selected to use the Areal Locations
of Hazardous Atmospheres (ALOHA) dispersion modeling software. NUREG/CR-5656
and NUREG/CR-6210, which describe diffusion models similar in purpose (i.e., diffusion
modeling to estimate airborne concentrations) to the ALOHA model (Reference 1),
explain that no single set of meteorological variables can be categorically given the label19worst case" for all chemical hazards analyses:

"Worst case conditions must be determined by trial and error considering
the physical scenario and the material. For example, sometimes worst
case conditions involve low wind speeds. However, if the release is in a
building wake and involves a volatile liquid, worst case conditions involve
high wind speeds." (NUREGICR-5656, page 2.15, NUREGICR-62 10, page
42)

The Selected Dispersion Model and the Manner in which the Meteorological Input
Variables Affect the Output of the Calculated Concentrations

The meteorological variables used in a dispersion model affect calculated concentrations
in various ways. ALOHA requires input of the following conditions at the time of the
release: wind speed, atmospheric stability class, air temperature, cloud cover, ground
roughness, wind direction, and humidity. The following subset of the meteorological input
parameters has the greatest influence on the calculated result for a given scenario.
These parameters are varied in the meteorological sensitivity analysis:

" Wind speed: Wind speed is used in the Gaussian plume equation to determine
downwind concentrations, with wind speed inversely proportional to downwind
concentration. Wind speed is also used in computing evaporation rates, which
increase at higher wind speed. Therefore, the effect on the maximum
concentrations is dependent on multiple aspects of the scenario, including
release type and the physical properties of chemical in question.

" Atmospheric Stability Class: Under unstable conditions, a dispersing gas mixes
rapidly with the air around it and the dispersion model will predict lower
downwind concentrations than under more stable conditions. ALOHA
recommends stability class options based on the set of conditions input by the
user (i.e., wind speed, cloud cover, time of day, and date) using a method
adapted from Turner (Reference 1).

" Air Temperature: The ambient air temperature is a factor in the energy balance
that determines the rate of evaporation of liquid sources (e.g., puddles), with
higher temperatures increasing the rate of evaporation.

" Cloud Cover: Cloud cover is used by ALOHA to determine the amount of solar
radiation during a chemical release, which is an important parameter for the
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evaporation of puddles. As stated above, ALOHA also uses cloud cover in its
determination of recommended stability classes.

Maintaining Consistency within the Set of Meteorological Conditions

As explained in NUREG/CR-5656 and NUREG/CR-6210, in selecting a set of conditions
for dispersion modeling, consistency within a set should be maintained:

"In selecting a set of conditions..., maintain consistency within the set. For
example, a combination of high temperature, high solar radiation, and
strongly stable atmospheric conditions leads to larger concentrations than
high temperature, high solar radiation and unstable atmospheric conditions.
But, the latter combination is realistic, while the former is not. Thus, the
former set ought not to be used in control room habitability." (NUREG/CR-
5656 page 2.15; NUREG/CR-6210, page 42)

For example, for a release involving a gasoline spill under stable atmospheric conditions
(e.g., stability class F), a likely scenario would be associated with a temperature that is
not extremely high because stable conditions usually occur during the night or early
morning.

* Atmospheric Dispersion

The atmospheric dispersion (dilution) factor between the release point and the control
room that is used in the analysis should be that value that is exceeded only 5 percent of
the time (RG 1.78, Section C, 3.3, page 1.78-9). RG 1.78 further states:

"The Pasquill Stability Category F represents the worst 5th-percentile
meteorology observed at the majority of the nuclear power plant sites."
(RG 1.78, Appendix A, page 1.78-16)

Part II: Meteorological Sensitivity Analysis Design

In formulating the meteorological sensitivity analysis as required in RG 1.206, careful
consideration of the above was taken in order to estimate the concentration at the control room.
The main objectives in developing the meteorological sensitivity analysis included the
identification of a broad spectrum of meteorological conditions that not only captures the 5 th

percentile atmospheric dispersion condition, but also maintains consistency across the defined
meteorological stability classes-i.e., the selection of appropriate combinations of the varied
meteorological input parameters.

Categorization of Stability Classes

The table below shows the Pasquill atmospheric stability classes used during the
selection of the meteorological parameter combinations.
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Table 1: Estimation of Pasquill Stability Classes a

Surface Wind Incoming Solar Radiation Night Time Cloud
Speed at 10 m Cover Fraction
(m/sec) Strong Moderate Slight a 4/8 < 3/8

<2 A A-B B F F
2-3 A-B B C E F
3-5 B B-C C D E
5-6 C C-D D D D
>6 C D D D D

a (U.S. Environmental Protection Agency 1992)

Selection of Stability Class, Surface Wind Speed, Cloud Cover, and Date/Time

Based on Table 1, to maintain consistency across a set of meteorological conditions, the
stability class, surface wind speed, cloud cover, and date/time combinations were
selected as shown in Table 2.

Table 2: Meteorological Sensitivity Analysis
Stability Surface Wind Cloud Date/Time*
Class Speed (m/s) Cover (%)
A 1.5 0 June 21, 2008/ 12 noon
B 1.5 50 June 21, 2008/ 12 noon
C 3 50 June 21, 2008/12 noon
C 5.5 0 June 21, 2008/ 12 noon
D 3 50 June 21, 2008/5 am
D 5.5 50 June 21, 2008/12 noon
E 1 50 June 21, 2008/ 5 am
E 2 50 June 21, 2008/5 am
F 1 0 June 21, 2008/5 am
F 2 0 June 21, 2008/ 5 am
F 3 0 June 21, 2008/ 5 am

*June 21
scenarios

(near the summer solstice) is chosen to maximize insolation for daytime

Selection of Air Temperature

To complete the meteorological sensitivity analysis shown in Table 2, reasonable
daytime and nighttime temperatures are selected for input into the ALOHA model. A
daytime temperature of 91.5°F was selected-the highest mean daily maximum
temperature, on a monthly basis, for three years of data (NCDC 2006-2008), for
Richmond, Virginia. A nighttime temperature of 71.5°F was selected-the highest mean
daily minimum temperature, on a monthly basis, for the same data period. Both occurred
in July 2006. These values are higher than average monthly means for the period of
record spanning 93 years based on the 2013 annual report for Richmond (NCDC 2013).
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As stated in Section 2.3.1.1 of the North Anna 3 Site Safety Analysis Report (Early Site
Permit (ESP) Application, Revision 9, 2006), climatological data from the Richmond, VA
first-order National Weather Service station (with a long historical record) was one of the
main stations used to characterize the regional climatology pertinent to the ESP site.
The distance between Richmond and the ESP site is about 46 miles. With this relatively
short physical separation and no complex terrain between them, the temperature
distributions (monthly, seasonal, and annual) are expected to be similar between these
two sites. The above rationale justifies that the use of the Richmond temperature data is
appropriate in lieu of the North Anna site meteorological data.

Part IIII: Prevaillina Meteorolo-gical Conditions

By capturing a range of meteorological conditions, the range of atmospheric dispersion factors
between the release point and the control room that is considered in the analysis should only be
exceeded 5 percent of the time. To demonstrate this, the North Anna site hourly meteorological
data for the years 1996, 1997, and 1998 (data considered for the ESP Application) are
examined.

The modified Gaussian plume equation used for neutrally buoyant gas dispersion computations
in the ALOHA model was considered for the purposes of this determination. The atmospheric
dispersion factor (X/Q) predicted by the Gaussian plume equation is highest under stable, low
wind conditions, which motivates placing an increased emphasis on stability class F when
developing meteorological sensitivity analyses. Simulations in the sensitivity analysis performed
with ALOHA for the Unit 3 chemical hazard calculations exhibit this logic, as the worst-case
scenario for a majority of the chemicals considered stability class F (the most stable class
available in ALOHA) at low wind speeds.

Therefore, to determine whether the worst 5 th percentile conditions were captured in the
sensitivity analysis, the meteorological data can be examined to estimate the fraction of hours
with meteorological conditions not bounded by the sensitivity analysis that would result in high
X/Q. Examination of the onsite meteorological data (1996-1998) which were considered for the
ESP Application (SSAR Section 2.3) shows that wind speeds lower than 1 m/s under stable
atmospheric conditions (i.e., stability class F or G as defined in NRC RG 1.23) occur
approximately 4.8 percent of the time (1,253 hours out of 26,081 hours under consideration).
This assessment indicates that the meteorological sensitivity analysis bounds the worst 5th

percentile conditions when considering stable conditions with low wind speeds.

Additionally, as implemented in the ALOHA model, high ambient temperature can affect the
evaporation of liquids, thereby increasing the chemical emission rate (Q) and potentially
increasing downwind concentrations. However, high temperature conditions beyond those
considered in the ALOHA sensitivity analysis coupled with stable conditions conducive to high
X/Q (i.e., temperatures above 71.5 OF concurrent with stability class F or G) occur only
approximately 1.6 percent of the total hours under consideration, regardless of wind speed and
wind direction.
Conservative assumptions were used for other factors such as wind direction. For example, the
ALOHA analyses conservatively set the receptor location directly downwind of the source. The
most frequent wind direction during low wind, stable conditions is from the WNW sector, which
comprises 272 hours. Even adding to this the hours corresponding to the adjacent sectors (366
hours) results in only 638 hours, which is about 2.4 percent of the total hours. Thus, accounting
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for wind direction shows that the X/Q values captured by the sensitivity analysis would be
exceeded much less than 5 percent of the time, even under the assumption that the source is
directly upwind of the receptor in the most frequent wind direction during stable, low wind
conditions.

The meteorological data set from the North Anna site does contain certain instances where the
meteorological conditions are not bounded by the conditions selected for the sensitivity analysis.
For example, the following meteorological conditions occurred at 6 PM on August 23, 1998:

" Stability class: F (as determined by RG 1.23 delta-T method)
" Wind speed: 0.9 m/s
" Temperature: 89.4 OF

For an evaporating chemical like gasoline, this set of conditions likely results in a higher X/Q
and control room concentration than is calculated by the worst case in the sensitivity analyses
due to both high X/Q and increased evaporation resulting from high ambient temperature.

However, as discussed above, these instances are comparatively rare, i.e., within the worst 5 th
percentile of conditions. When considering additional parameters like wind direction, it is likely
that the sensitivity analysis is more conservative than the case described above. The wind
during this hour is from the north, which would carry the plume from the most likely release point
(the service road south of the site) away from Unit 3 safety related structures.

In conclusion, ensuring conservative estimates of control room air concentrations requires
consideration of not only the local meteorological conditions, but also of the physical and
chemical properties of the substance of concern and the relative locations of the hypothesized
source and receptor. Therefore, a broad range of conditions was simulated using a conservative
approach to estimate control room concentrations, and to ensure the values presented are not
exceeded more than 5 percent of the time as required by RG 1.78 Section C, 3.3.

References:

1 . U.S. Environmental Protection Agency and National Oceanic and Atmospheric
Administration, ALOHA User's Manual, February 2007.

2. National Climatic Data Center, Local Climatological Data, Annual Summary with
Comparative Data, Richmond, Virginia (KRIC), for the years 2006, 2007, 2008, and
2013.

3. Workbook of Screening Techniques for Assessing Impacts of Toxic Air Pollutants
(Revised), Office of Air Quality Planning and Standards, Office of Air and Radiation,
December 1992.

Proposed COLA Revision

None.
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