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1.0 PURPOSE/OBJECTIVE

This calculation, PM-1055 Revision 1, presents the atmospheric relative concentration
(X/Q) values for Alternative Source Term (AST) accident evaluations. The purpose of
this calculation is to determine the Control Room, Exclusion Area Boundary (EAB), and
the outer boundary of the Low Population Zone (LPZ) relative concentration values
(X/Q, in sec/m’) resulting from certain postulated accidental radiological releases from
the Peach Bottom Atomic Power Station (hereinafter, the Station). The values resulting
from this calculation serve as input to the calculation of the radiological doses for use of
the Alternative Source Terms (AST) per Regulatory Guide 1.183 (Reference 1).

Revision 1 was developed in response to year 2008 NRC Requests for Additional
Information (RAISs) regarding the X/Q values used for the AST Application submitted by
Exelon to the NRC by letter of July 13, 2007. These RAls were issued by NRC e-mails
dated April 14, 2008 (responded to by Exelon’s letter of May 23, 2008) and July 25, 2008
(as additional draft RAIs). These RAls were also discussed during teleconferences on
July 21, July 22, July 24, July 25, 2008, and July 31, 2008) between NRC and Exelon.

This Revision 1 of calculation PM-1055 includes all X/Q values originally contained
in Calculation PM-1055 Revision 0; and additionally provides the X/Q values
requested in the NRC RAISs referred to above and designated AADB RAIs 12, 13,
and 23. This additional information entailed 1) recalculating the LPZ X/Qs using a
more conservative meteorological monitoring database; i.e., Peach Bottom Tower
1A; 2) recalculating the EAB and LPZ X/Qs using PAVAN meteorological input
based on the finer, 11-bin, wind speed categories per NRC Regulatory Guide 1.23,
Revision 1 issued March 7, 2007 (Reference 17); and 3) updating the elevated Off-
Gas Stack Control Room X/Qs that are impacted by PAVAN’s execution using the
finer wind speed categorization. For conservatism, the EAB X/Q values for
potential ground level release locations were also recalculated with the more
conservative Peach Bottom Tower 1A meteorological monitoring database.

Sections 2 and 3 methodology, design input and calculations herein are unchanged from
Sections 2 and 3 in PM-1055, Revision 0. The X/Q values resulting at the Control Room
Intake are calculated using the NRC-sponsored computer codes ARCON96 (Reference 2)
and PAVAN (Reference 3), consistent with the procedures in the then-Draft Regulatory
Guide DG-1111 (Reference 4). This analysis is presented in Section 2 with the
ARCON96 input and output files for each modeled scenario contained in Attachment 1.
Section 3 presents the X/Q values resulting at the EAB and LPZ, calculated using the
NRC-sponsored computer code PAVAN, consistent with the procedures in Regulatory
Guide 1.145 (Reference 5), with the PAVAN input and output files for each modeled
scenario contained in Attachment J. In addition, Sheet 4 of Attachment H Joint
Frequency Distributions for the Section 2 7-bin runs was edited to perform a spreadsheet
correction.

Section 4 provides the additional X/Q values requested by RAI’s 12, 13, and 23, and
presents them on a comparative basis to those contained in Sections 2 and 3. These X/Q
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values are calculated consistent with Regulatory Guide 1.194 (Reference 18), which
superseded Draft Regulatory Guide 1111 in June 2003. None of the pertinent guidance in
DG-1111 changed in Regulatory Guide 1.194.

Section S presents a summary of the controlling worst-case X/Q results for use in the
AST dose calculation. Meteorological data utilized for this calculation were selected
from the historical record of the Station meteorological monitoring tower network.
Monitoring records dating back to 1967 and extending through 2001 were provided by
Exelon (Reference 6) for Revision 0 of this calculation. Examination of the subject
Station release locations and configurations in conjunction with the sharply varying
topography (both in the vicinity of the release and at the receptor locations to be
addressed) resulted in the selection of three (3) different towers from which
representative data for the X/Q modeling analyses were used. The topography in the
vicinity of the Station and the monitoring tower locations can be observed on the map
that is contained in Attachment A (Reference 7). Topographic cross-sectional profiles
depicting the meteorological monitoring towers and the station stacks are provided in
Attachment B (Reference 8). It was desired that this calculation be based upon a
continuous five-year period of data common to all three (3) towers, and for which
available data meet NRC Regulatory Guide 1.23 (References 9 and 17) specifications.
The period of 1984 through 1988 was selected.

20 ARCON96 MODELING ANALYSIS OF CONTROL ROOM X/Q

ARCONO96 is a commercial software package designated by WGI as NU-830, an “active”
program applicable to nuclear safety related analyses as well as non-safety related studies
and evaluations. Its use is principally control room habitability assessments. The NU-
830 code has been verified for 0-2 hour, 2-8 hour, and 8-24 hour centerline and sector
X/Q averages and the 95% maximum X/Q. This verification is in accordance with
Revision 4 of the Washington Group International Nuclear Engineering Standard or
Computer Software Control, NEP-09. Revision 0 of NU-830 was verified for ground-
level and zero exit velocity uncapped vents, and Revision 1 was verified for zero exit
velocity stack releases.

2.1 - Methodology and Acceptance Criteria

ARCONO96 Program Description [excerpted from NUREG/CR-6331 Rev. 1)

ARCOND6 is a straight line Gaussian dispersion model used in control room habitability
assessments for estimating dispersion in the vicinity of buildings to calculate relative
concentrations at control room air intakes that would be exceeded no more than five
percent of the time. The basic diffusion model implemented in the ARCON96 code is a
straight-line Gaussian model that assumes the release rate is constant for the entire period
of release. This assumption is made to permit evaluation of potential effects of accidental
releases without having to specify a complete release sequence. Ambient atmospheric
conditions measured in accordance with Regulatory Guide 1.23 are input to ARCON96
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by way of a sequential hour-by-hour meteorological database of jointly measured wind
speed, wind direction, and Pasquill stability class, as derived from the vertical
temperature difference recorded at a representative location and elevation (i.e., tower
level).

ARCON96 permits evaluation of ground-level, vent, and elevated releases. Building
wake effects are considered in the evaluation of relative concentrations from ground-
level releases. The proportion of the mixture is determined by the ratio between the
effluent vertical velocity and the release-height wind speed using the procedure included
in the NRC XOQDOQ code (Reference 10). An elevated release, defined as a stack more
than 2.5 times the height of structures in the immediate vicinity, is treated in the usual
manner with correction for stack downwash and differences in terrain elevation between
the stack and the control room intake. With an assumed zero (0) vertical exit velocity,
vents are treated as ground-level releases. Otherwise, a vent release is treated as a mixed
ground-level and elevated release.

Diffusion coefficients used in ARCON96 have three components. The first component is
the diffusion coefficient used in other NRC models, for example XOQDOQ, and
PAVAN. The other two components are corrections to account for enhanced dispersion
under low wind speed conditions and in building wakes. Derivations of the low wind
speed and building wake corrections are described by Ramsdell and Fosmire (Reference
11).

Parameter values for the correction factors are based on analysis of diffusion data
collected in various building wake diffusion experiments. The experiments were
conducted under a wide range of meteorological conditions. However, a large number of
experiments were conducted during low wind speeds, when wake effects are minimal.
The wake correction model included in ARCON96 treats diffusion under these conditions
much better than previous models. Thus, the diffusion coefficients in ARCON96 account
for both low-wind speed meander and wake effects.

ARCOND96 calculates relative concentrations using hourly meteorological data. It then
combines the hourly averages to estimate concentrations for periods ranging in duration
from 2 hours to 30 days. Wind direction is considered as the averages are formed. Asa
result, the averages account for persistence in both diffusion conditions and wind
direction. Cumulative frequency distributions are prepared from the average relative
concentrations. Relative concentrations that are exceeded no more than five percent of
the time (95" percentile relative concentrations) are determined from the cumulative
frequency distributions for each averaging period. Finally, the relative concentrations for
five standard averagin%I periods used in control room habitability assessments are
calculated from the 95" percentile relative concentrations.
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2.2 Design Input

2.2.1 Source Configuration

The Off-Gas Stack and the Units 2 and 3 Reactor Building Stacks are executed by
ARCOND96 as an elevated stack release and vent releases, respectively. As depicted in
Attachments A and B, the Off-Gas Stack has a physical height of 500 ft and is located to
the west-southwest of the Station on terrain that is 280 ft msl (164 ft above station grade
of 116 ft msl, per Reference 16). This stack is greater than 2.5 times the 174 ft high
Reactor Buildings (i.e., the highest adjacent building), and therefore, per Regulatory
Guide 1.145, it is modeled as an ‘elevated’ release, which is not subject to building-
induced downwash effects. The Reactor Building Stacks, both having a height of 189 ft
above station grade, and located at the center of the east face of their respective 174 ft
high Reactor Buildings, were modeled as ‘vent releases’.

Both the Off-Gas Stack and the Reactor Building Stacks are conservatively assumed to
have a zero (0) flow, for which ARCON96 requires that the exit velocity and stack
diameter each be assigned an input value of zero (0). The Reactor Building vertical
cross-sectional area of 2584 m” (calculated as height = 54.3 m, and w = 47.6 m, based on
References 12 and 13), was required to be input to ARCON96.

Attachment C shows the location of the Off-Gas Stack (highlighted in green) and
Attachment D shows the Units 2 and 3 Reactor Building Stacks (highlighted in pink and
yellow, respectively).

2.2.2 Receptors

The model ARCON96 was executed for X/Q at the Control Room Intake (highlighted
orange in Attachments C and D), which is centered on the west face of the Radwaste
Building at a height of 69 ft above grade.

The direction, relative to true north (assumed 0°) of a straight line extending from the
Control Room Intake towards the stack source location, is also an input parameter
required by ARCON96. Attachments C and D depict the three (3) separate intake-to-
stack direction scenarios analyzed in this calculation. They are as follows:

Direction (degrees)  Distance (m)

Intake to Stack Intake to Stack
e Off-Gas Stack (highlighted green) 244 - 209
e Unit 2 Reactor Building Stack (highlighted pink) 113 58.4

e Unit 3 Reactor Building Stack (highlighted yellow) 15 58.4
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2.2.3 Meteorological Data

As described in Section 1.0, the Station’s meteorological data from the five-year period,
1984-1988, as supplied by Exelon, were applied in the ARCON96 modeling analysis.
Data measured at two meteorological towers were used.

Meteorological Tower 2 is seen in Attachments A and B to be located on a hill
approximately 2600 ft (800) meters from the Reactor Building Stacks. Tower 2 has a
grade elevation of 367 ft above mean sea level (msl), or 251 feet (76.5 meters) above
station grade. Tower 1A, on the other hand, is located at 119 ft ms] approximately 1300
m southeast of the Reactor Building stacks, and is also topographically situated very
similarly to the Station; i.e., at the Susquehanna River’s edge and immediately adjacent to
the steeply higher terrain in the westerly, southwesterly, and southerly directions.

Attachment E, Sheets 1, 2, and 3 of 5, includes the five-year wind rose diagrams for each
of the three (3) primary wind speed and direction databases used for the ARCON96
analysis identified below in Section 2.2.4, Table 2-1. These are as follows:

Wind
Tower 2: 320 ft level
Tower 2: 75 ft level
Tower 1A: 92 ft level

The designation of ‘calm’ is made to all wind speed observations of less than 0.5 mph.
The higher of the starting speeds of the Climatronics® wind vane and anemometer
equipment on each of the towers (i.e. 0.50 mph) was used as the threshold for calm
winds, per Regulatory Guide 1.145, Section 1.1.

Attachment F, Sheet 1 of 2, provides a bar chart for comparing the percentage occurrence
frequencies of each wind direction sector with respect to the three different wind
databases used in the ARCON96 analysis. This chart shows that the two Tower 2 levels
are very similar, while the Tower 1A wind directions show much deviation from Tower
2. In particular, the location of Tower 1A, based in the River Valley near river level,
experiences a noticeably higher frequency of east-southeast and southeast winds,
reflective of the Valley’s wind channeling effect. Also, the significantly higher
frequency of west and west-southwesterly winds likely reflects the local channeling by
the small contributory valley seen in Attachment A between two hills centered just
several hundred feet to the southwest and west-northwest of Tower 1A.

The stability class percentage occurrence frequency distributions are presented as a bar
chart in Attachment G, based on each of the three (3) five-year delta temperature
databases used in the ARCONO96 analysis.
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Stability Class
e Tower2: 316-33 ft level
e Tower2: 150- 33 ft level
e  Tower 1A: 89 - 33 ft level

It must be noted that the 0 % occurrence of ‘B’ stability class associated with Tower 1A,
as shown in Attachment G results from the fact that the temperature was recorded and
reported with a precision of tenths (rather than hundredths) of a degree Fahrenheit. The
range in the delta temperature value that is assigned to the ‘B’ stability class by NRC
Regulatory Guide 1.23 is non-inclusive of a value that would result from the conversion
from Fahrenheit, given in tenths precision, to Centigrade.

Attachment G shows an extremely high ‘G’ stability class occurrence frequency of
27.1%, which is derived from the Tower 1 A delta temperature data. This value is much
larger than those of Tower 2. This reflects the prevalent cold air drainage flow into the
River Valley from the higher terrain during nocturnal, light wind speed, temperature
inversion conditions. Some exaggeration of this difference in comparison to Tower 2
(e.g., 5.5 % G stability for 150-33 ft delta temperature) would also be expected, however,
because of the larger vertical spread between the two lower temperature measurement
levels of Tower 2 (i.e., 117 ft) versus the Tower 1A levels (i.e., 56 ft). (That is, within
the atmosphere’s surface boundary layer, vertical temperature gradient (positive or
negative) normally increases with proximity to the ground.) This effect also partially
accounts for the large difference in the percentage of ‘A’ stability occurrence between
Tower 1A and Tower 2. The fact that no ‘B’ stability cases are possible in the Tower 1A
database (as noted above), of course, also acts to somewhat inflate the ‘A’ and ‘C’
occurrences. It is important to note, however, that these unstable classes (A, B, and C)
are relatively insignificant contributors in the design basis X/Q calculations for ground
and vent releases.

Finally, Attachment H, Sheets 1, 2, and 3 of S, contains the joint wind direction, wind
speed, and stability class distribution tables, based on the five-year period for each of the
following three joint wind-stability databases used in the ARCON96 modeling analysis.

Wind Stability Class
) Tower 2: 320 ft level Tower 2: 316-33 ft
) Tower 2: 75 ftlevel Tower 2: 150 - 33 ft

) Tower 1A: 92 ft level Tower 1A: 89-33 ft

The relatively high percentage of ‘G’ stability occurrences in the Tower 1A joint wind-
stability distribution are very direction-dependent. A total of 91.5% of all ‘G’ stability
occurrence frequencies in the Tower 1A data can be determined from Attachment H,
Sheet 3, to be associated with winds from the southeast clockwise through the west-
northwest 180° directional range from the Tower. This directional range essentially
encloses the high terrain from which the relatively cold near-surface air during nocturnal
inversion conditions drains into the Valley. (See Attachment A for the topographic map
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of terrain in the vicinity of the Station.) Attachment H also reveals that nearly all of the
total ‘G’ stability occurrences are associated with wind speed of less than 7.5 mph.

2.2.4 ARCON96 Run Scenarios

Control Room Intake X/Q values were calculated by ARCON96 for various
source/receptor scenarios. Three (3) Off-Gas Stack and Reactor Building Stack release
scenarios were analyzed using the five-year hourly meteorological joint wind and
stability databases, as identified in Table 2-1.

TABLE 2-1
ARCON96 METEOROLOGICAL DATABASE SCENARIOS
RELEASE Wind Speed and Direction Stability Class
SCENARIO Primary Secondary* (Delta Temperature)
1: Off-Gas Stack Tower 2; 320° Tower 2: 75° Tower 2: 316-33°
. . Tower 1A: 34’ Tower 1A: 89 —-33°
Unit 2 Reactor Building Tower 1A: 92’ s - ) ,
Stack Tower 2: 75’ Tower 2: 33 Tower 2: 150-33
. o Tower 1A: 34’ Tower 1A: 89 — 33’
Unit 3 Reactor Building Tower 1A: 92’ s j s
Stack Tower 2: 75° Tower 2: 33 Tower 2; 15033

* Secondary data used only for those hours when primary data are missing.

The upper level of Tower 2 is the obvious most representative location of choice for wind
data representing the Off-Gas Stack release point, and the 316-33 foot delta temperature
is the appropriate parameter for deriving stability class to represent the influence of
atmospheric diffusion on such a release.

As noted in Section 2.2.1, the Reactor Building Stacks are not tall enough to avoid
building-induced downwash; therefore, with zero (0) exit velocity having been assumed,
ARCONDY6 treats their releases as a ‘ground-level’ type. Accordingly, the Tower 1A data
would appear to be the representative database for the Reactor Building stacks.

However, since these stack tops are at 305 ft msl, and thus, are actually nearer in the
vertical to the Tower 2 grade elevation (367 ft msl) than they are to the Tower 1A grade
elevation (119 ft msl), an ARCONO96 analysis is also performed using the most
appropriate Tower 2 data, as indicated in Table 2-1 above.

2.3  Calculations
The X/Q values resulting from the ARCON96 modeling analysis of each release and

meteorological database scenario for the required time intervals are presented in Table 2-
2 as follows:
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TABLE 2-2
ARCON96 X/Q (sec/m3) RESULTS*
RELEASE / INTAKE & _
METEOROLOGICAL 0-2 hour | 2-8 hour | 8-24 hour 14 day 4-30 day
SCENARIO .
Off-Gas Stack to Control Room
Intake:
Wind:  Tower2 320° 1.00E-15 1.00E-15 1.00E-15 | 7.25E-15 { 5.92E-15

Stability: Tower 2 316 - 33’

Unit 2 Reactor Building Stack To

Control Room Intake:
Wind: Tower 1A 92’
Stability: Tower 1A 89— 33" 1.17E-03 | 9.08E-04 | 4.14E-04 | 2.90E-04 | 2.26E-04

B wer 2 75°
Stabatty: Tomer 2 15033 1.18E-03 | 8.558-04 | 3.50E-04 | 2.36E-04 | 1.67B-04

Unit 3 Reactor Building Stack To

Control Room Intake:
Wind: Tower 1A 92

Stability: Tower 1A 89 - 33 1.02E-03 | 5.02E-04 | 2.38E-04 | 1.62E-04 1.36E-04
Wind: Tower2 75°
Stability: Tower 2 150 — 33 1.18E-03 | 8.91E-04 | 4.00E-04 | 2.51E-04 | 1.98E-04

* For the Units 2 and 3 stack release scenarios, the higher of the X/Q values associated with the two meteorological
databases analyzed is in bold. -
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3.0 PAVAN MODELING ANALYSES OF CONTROL ROOM, EAB AND LPZ
X/Q

The model PAVAN is a commercial software package designated by WGI as MC-131, an
“active” program applicable to nuclear safety related analyses as well as non-safety
related studies and evaluations. The PAVAN code Revision 0 verification was
performed for the 0-2 hour, 0-8 hour, 8-24, 1-4 day, and 4-30 day 0.5-percentile, and
annual average direction-specific X/Q values, and the overall site 95-percentile maximum
X/Q for each of the 0-2 hour, 0-8 hour, 8-24 hour, 1-4 day, and 4-30 day time-averaging
periods. This verification was performed with WGI (formerly Raytheon Engineers &
Constructors, Inc.) corporate standards, and is consistent with Computer Software
Control, NEP-09. Revision 0 of MC-131 was verified for ground-level (i.e., non-
elevated) releases, as well as elevated releases, with zero (0) vertical exit velocity
assumed.

While its use is principally for EAB and LPZ X/Q evaluations, PAVAN is also
referenced for use in accordance with NRC DG-1111 methodology for control room
habitability assessments of elevated releases. In supplement to the use of ARCON96 for
this purpose, NRC recommends that PAVAN also be executed, and its results
incorporated into the determination of the 0-2 hour, and the 1-4 and 4-30 day X/Q time
intervals. The maximum PAVAN X/Q at ground-level (excluding the ‘fumigation’
condition) replaces the corresponding ARCON96 0-2 hour value if the PAVAN value is
greater. For deriving the two longer interval X/Q values, the maximum PAVAN 1-4 day
X/Q is added to the product of 23 times the maximum 1-4 day ARCON96 value, and then
the total is divided by 24, resulting in the final X/Q value for the 1-4 day interval value;
and similarly, the maximum PAVAN 4-30 day X/Q is added together with the product of
23 times the maximum 4-30 day ARCON96 value and then divided by 24 to obtain the
X/Q value for the 4-30 day interval value.

3.1 Methodology and Acceptance Criteria

The computer code PAVAN is a straight line Gaussian dispersion model utilized to
estimate relative ground-level air concentrations (X/Q) for potential accidental releases of
radioactive material from nuclear facilities. Such assessment is required by 10 CFR 100
and 10 CFR 50. The program implements the NRC guidance provided in Regulatory
Guide 1.145. The technical basis for the program is presented by Snell and Jubach
(Reference 14). Utilizing joint frequency of occurrence distributions of wind direction,
wind speed and Pasquill atmospheric stability class, PAVAN calculates X/Q values as a
function of direction for various time-averaging periods at the EAB and the outer
boundary of the LPZ. Calculations are made from assumed ground-level (i.e., non-
elevated) releases (such as vents and building penetrations), which are less than 2.5 times
the height of adjacent solid structures, and from elevated releases (i.e., stacks). Three (3)
procedures are utilized for calculating X/Q: a direction-dependent approach, a direction-
independent approach, and an overall site X/Q approach.



| Calculation No. PM-1055 | Rev. No. 1 | Page No. 12 of 31

The PAVAN model contains certain model options for executing the program. Table 3-1
below summarizes the options invoked for the Control Room, EAB and LPZ X/Q
calculations.

TABLE 3-1
Option No. Description Option
Invoked?
1 Calculate o, and o, based on desert diffusion. No
2 X/Q values include evaluation for no building wake. No
3 ENVLOP calculations printed which describe upper envelope curve. No
4 Print points used in upper envelope curve and calculation. Yes
5 Null -
6 Joint frequency distribution in % frequency format. No
7 Print X/Q calculation details Yes
8 Distribute calm winds observations into first wind speed category. Yes
9 Use site-specific terrain adjustment factors for the annual average Yes*
calculations.
10 Assume a default terrain adjustment factor for the average annual
calculations. Option 10 is applied, which together with application of Yes
Option 9 means that site specific terrain factors will be used.

* A uniform value of 1.0 is used.
3.2  Design Input

3.2.1 Source Configuration

3.2.1.1 Releases for Control Room Intake X/Q Evaluation

The Off-Gas Stack and the Units 2 and 3 Reactor Building Stacks are the assumed
release points. Because the Units 2 and 3 Reactor Building Stacks do not qualify as
‘elevated’ releases as defined by Regulatory Guide 1.145, in accordance with DG-
1111 methodology no PAVAN modeling (i.e., only ARCON96 modeling) is
appropriate for the Control Room assessment.

The Off-Gas Stack, however, does qualify as an elevated release and was executed
as such by PAVAN, per DG-1111. Also per DG-1111, the effective height of the
stack was calculated from the height of the Control Room Intake instead of station
grade. The Off-Gas Stack, as seen highlighted in green in Attachment C, has a
height of 500 ft and is located 209 m on terrain that is 280 ft msl (i.e., 164 ft above
station grade) to the west-northwest of the Control Room Intake. PAVAN does not
have the capability to account for the difference between the station grade and the
much higher Off-Gas Stack grade. Therefore, assuming zero (0) grade difference
between release and intake is a very conservative measure.
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The vertical cross-sectional area of 2584 m’ for each Reactor Building calculated
based on References 12 and 13, was utilized. A value of zero (0) meters above the
assumed common grade elevation of the Off-Gas stack and the Station was input to
PAVAN to represent the maximum terrain height for each of the downwind sectors
at all modeled distances.

3.2.1.2 Releases for EAB and LPZ X/Q Evaluation

The Off-Gas Stack and the Units 2 and 3 Reactor Building Stacks were executed by
PAVAN as a ‘stack’ type and ‘ground’ type releases, respectively.

As previously stated, the Off-Gas Stack has a physical height of 500 ft and is
located to the west-southwest of the Station on terrain that is 280 ft msl (164 ft
above station grade). As described in 3.2.1.1 for the Control Room Intake, in
modeling the EAB and LPZ scenarios, the station grade was also assumed equal to
the Off-Gas Stack grade.

The 189 ft Reactor Building Stacks for Units 2 and 3, located at the center of the
east face of their respective Reactor Buildings, do not quality as elevated releases
per Regulatory Guide 1.145. Therefore, PAVAN requires that each of these stack
heights be assigned an input value of 10 m. The Reactor Building height of 54.3 m
and calculated Reactor Building vertical cross-sectional area of 2584 m? were used
for each of the scenarios.

3.2.2 Receptors

For the Off-Gas Stack to Control Room Intake scenario, PAVAN was executed in
elevated release mode with a stack-to-intake horizontal distance of 209 m. For
conservatism in modeling this scenario, the Off-Gas Stack was assumed to have the same
grade elevation as the Station. Review of this output was then performed in accordance
with NRC DG-1111 guidance to determine at which approximate distance the actual 0-2
hour maximum X/Q is predicted to occur in each given downwind sector. Following this,
a new set of PAVAN runs was executed for several distances ranging out to and
exceeding the approximated distance. The initial predicted approximate distance to the
maximum 0-2 hour X/Q was 4000 m. Therefore, in all, the distances modeled to
determine the actual maximum X/Q are as follows: 209 (actual), 280, 300, 500, 750,
1000, 1500, 2000, 3000, 4000, 5000, and 6000 meters.

The PAVAN model was also executed to determine the ground-level X/Q at the EAB and
LPZ located at distances of 823 m and 7300 m, respectively, as defined in Reference 15.
For the assumed non-elevated Reactor Building Stack scenario, receptor terrain is not
considered. For the elevated Off-Gas Stack scenario, the highest terrain value within a
given directional sector between the Station and the EAB was assigned to the EAB
receptor in that given direction. The LPZ terrain heights were analogously assigned.
These terrain heights are provided in Table 3-2 below.
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TABLE 3-2

HIGHEST INTERVENING TERRAIN BETWEEN SITE AND EAB, AND LPZ
(Meters Above Off-Gas Stack Grade)

DOWNWIND EAB LPZ DOWNWIND EAB LPZ
DIRECTION (823 m) (7300 m) DIRECTION (823 m) (7300 m)
N 0 110 S 31 55
NNE 0 85 SSwW 31 61
NE 0 85 Sw 18 128
ENE 0 67 WSwW 12 104
E 0 48 w 24 73
ESE 0 67 WNW 31 98
SE 0 43 NwW 31 104
SSE 0 43 NNW 24 85

3.2.3 Meteorological Data

As described in Section 1.0, Peach Bottom meteorological data from the five-year period,
1984-1988, as supplied by Exelon, were used in the PAVAN analysis. Data monitored at
three meteorological towers were used.

The format of PAVAN meteorological input consists of a joint wind direction (based on
sixteen 22.5 degree sectors), wind speed (7 intervals), and stability class (7 classes)
occurrence frequency distribution.

Each such meteorological joint frequency distribution for input to PAVAN was prepared
by using the WGI pre-qualified program ARCONtoPAVANMET (Program Number NU-
840) to transform the data to a joint wind-stability occurrence frequency distribution.

The seven wind speed categories were defined according to Regulatory Guide 1.23 with
the first category identified as "calm". The higher of the starting speeds of the
Climatronics® wind vane and anemometer equipment on each of the towers (i.e. 0.50
mph) was used as the threshold for calm winds, per Regulatory Guide 1.145, Section 1.1.
A midpoint was also assumed between each of the Regulatory Guide 1.23 wind speed
categories, Nos. 2-6, as to be inclusive of all monitored wind speeds. The Regulatory
Guide 1.23 wind speed categories have, therefore, been refined in Table 3-3 as follows:
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TABLE 3-3

DEFINED WIND SPEED CATEGORY RANGES FOR PAVAN MODELING

Category No. Regulatory Gui((l'en :,5)3 Speed Interval S:e“::’l‘nl\::::;‘(':’ne:h)
1 (Calm) Oto<l 0 t0<0.50

2 1to3 >=(.50to <3.5

3 4107 >=3.51t0<7.5

4 81012 >=7.51t0<12.5

5 13t0 18 >=12.5to <18.5

6 19 to 24 >=18.5to <24

7 >24 >=24

Attachment E, Sheets 1, 4, and 5 includes the five-year wind rose diagrams for each of
the following three wind speed and direction modeling databases applied in the PAVAN
analysis:

e Tower 2: 320 ft level
e Tower 2: 33 ft level
e River Tower: 45 ftlevel

Attachment F, Sheet 2 provides a bar chart comparing the percentage occurrence
frequencies of each wind direction sector with respect to the three wind databases. As
expected, the Tower 2 upper (320 ft) and lower level (33 ft) wind direction occurrence
distributions are very similar to each other, but the River Tower data are clearly much
more indicative of the influence of the Valley in channeling air within it predominantly
along a northwest — southeast orientation. The very high correspondence in the Tower 2
lower level with the upper level is strong evidence that the lower level conditions are far
more representative of the air flow in the larger scale non-valley region surrounding the
Station than within the local valley setting of the station proper.

The same three (3) delta temperature stability class databases utilized for the ARCON96
analysis described above in Section 2.2.3 were also adopted for the PAVAN analysis.
These are the Tower 2 316 — 33 ft, the Tower 2 150 — 33 ft, and the Tower 1A 89 —33 ft
delta temperature databases. Attachment G presented earlier in Section 2.2.3 shows the
percentage occurrence frequencies of each class.

'Finally, Attachment H, Sheets 1, 4, and 5 of 5 provide the joint occurrence frequency
distribution tables based on the five-year period for each of the following three joint
wind-stability databases used in the PAVAN modeling analysis:
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Wind Stability Class
) Tower2: 320 ft level Tower 2: 316-33 ft
° Tower 2: 33 ft level Tower2: 150-33ft

e  River Tower: 45 ft level Tower 1A: 89-33ft

As discussed in Section 2.2.3 with respect to the ARCON96 X/Q analysis at the Control
Room Intake, there is a relatively high percentage of G stability occurrences monitored at
Tower 1A, reflecting the prevalent nocturnal drainage wind from directions of
immediately adjacent higher terrain into the Valley. However, for the PAVAN modeling
analysis of X/Q at receptors away from the immediate station site (i.e., that is, the two
rings of receptors associated with the EAB and LPZ), the Tower 1A location is not well-
located for monitoring representative wind data, particularly wind direction; and
therefore, the Tower 2 data are primarily relied upon. One exception is for modeling the
Reactor Building stack at the EAB distance in those downwind directions extending part-
way over the River, the Tower 1A delta temperature-derived stability class may well be
more representative than the Tower 2 stability data. Consequently, the River Tower wind
data are adopted jointly with the Tower 1A stability data and used as an additional
meteorological database scenario to be analyzed by PAVAN for the EAB. (See Section
3.24.2)

3.2.4 PAVAN Run Scenarios

The following Off-Gas Stack and Reactor Building stack release scenarios were
identified for the purpose of applying the PAVAN model using the selected
representative meteorological wind and stability class databases to predict the X/Q values
that result at the Control Room Intake as described in 3.2.1.1, and at the EAB and LPZ as
described in Section 3.2.1.2. They are listed in Table 3-4 as follows:
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TABLE 3-4
PAVAN X/Q SCENARIOS
RELEASE/RECEPTOR METEOROLOGICAL DATABASE SCENARIOS
SCENARIO (Tower ID: Measurement Height above Tower Grade)
Wind Speed and Direction Stability Class
(Delta Temperature)

. Ib.(ﬁ-Gas Staclém B

Tower 2: 320°

Tower 2: 316 —33°

EAB

Off-Gas Stack

Tower 2: 320’

Tower 2: 316-33

Unit 2 Reactor Building Stack

River Tower: 45’

Tower 1A: 89—-33°

Tower 2: 33’

Tower 2: 150-33*

Unit 3 Reactor Building Stack

River Tower: 45°

Tower 1A: 89-33*

Tower 2: 33’

Tower 2: 150-33°

Off-Gas Stack

Tower 2: 320’ Tower 2: 316 -33’

Unit 2 Reactor Building Stack | Tower 2: 33’ Tower 2: 150-33*

Unit 3 Reactor Building Stack | Tower 2: 33’ Tower 2: 150-33*
3.24.1 Off-Gas Stack

The Meteorological Tower 2 upper level (320 ft) wind and 316 — 33 ft delta
temperature data monitoring levels, as described in Section 2.2.3, are clearly
appropriate representative locations from which to derive all required meteorological
input for the PAVAN modeling of the Off-Gas Stack release X/Q for each subject
receptor.

3.24.2 Reactor Building Stacks

LPZ

The vast majority of the region bounded by the LPZ distance of 7300 meters in all
directions from the Station is removed from the local influences of the immediate river
valley setting of the Station. Thus, Tower 1A, which is based at river level within the
Valley and adjacent to the Station, is not appropriate for measuring the conditions that
occur at the LPZ and most intervening distances. The top of the Reactor Building
stacks at 305 ft msl is at an elevation vertically nearer to the Tower 2 grade elevation
(367 ft msl) than to the River (116 ft msl), and is within an airflow regime more
typical of overall wind and stability conditions in the region bounded by the LPZ than
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the local station site conditions influenced by the River Valley. Therefore, the Tower
2 lower level (33 ft) winds and the 150 — 33 ft delta temperature-based stability class
were used for all PAVAN model runs to predict the X/Q at the LPZ resulting from
Reactor Building stack releases. It should also be noted that the Tower 2 33 ft level
wind speeds were used instead of the Tower 2 75 ft winds, even though it might be
otherwise expected that the 75 ft level winds would better represent the 189 ft Reactor
Building stack tops. This is because PAVAN requires that any non-elevated release
be assumed as a ‘ground level’ release, which accordingly requires that whatever the
release elevation may actually be, it is reassigned a value of 10 meters above station
grade. Thus, using actual 10-meter monitored data (i.e., data from the 33 ft level on
Tower 2) is considered to be superior to using data from another level (i.e., 75 feet)
that PAVAN would subsequently adjust (but imprecisely so, by power law
extrapolation) down to 10 meters.

EAB

The choice of the appropriate meteorological database to best represent the dispersion
of releases from the Reactor Building stacks out to the EAB distance, however, is not
as straightforward as for the LPZ. As apparent in Attachment A, this is due to the
great variation in local topography within the EAB radius (823 m) of the Station,
which influences the dispersion of a release from these stacks. The EAB distance
extends well into the River in a number of directions from the Station. Thus, winds
measured 45 ft above the river level on the River Tower, approximately 1200 meters
north-northeast of the Station as shown in Attachment A, would clearly be the most
representative. Stability class based on the delta temperature parameter, in accordance
with NRC Regulatory guide 1.23, is not monitored on the River Tower; however,
Tower 1A prior to its decommissioning in 1993, monitored 89 — 34 ft delta
temperature. Tower 1A is ideally situated adjacent to and based at essentially the
same grade elevation as the Station so as to best represent the local dispersion
conditions to which the Reactor Building stack releases are subject for over-river
trajectories out to the EAB.

In other directions from the Station, the region enclosed by the EAB distance is likely
best represented by the lower level of Tower 2 meteorology (i.e., 33 ft winds, and 150
— 33 ft delta temperature-based stability class), using the same reasoning as used
immediately above in this section for the LPZ.

Thus, the joint wind-stability occurrence frequency distributions derived from both of
the joint wind-stability databases are individually executed in the PAVAN analysis of
the Reactor Building stacks at the EAB. The higher resulting X/Q values are adopted.

33 Calculations

The X/Q values predicted by PAVAN for the Control Room Intake, as resulting from a
release by the Off-Gas Stack, are presented below in Table 3-5 for each time interval
required by NRC Regulatory Guide 1.145. The highlighted values are the maxima with
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respect to their indicated time periods. It is only the underlined subset of these values
which are then incorporated with the ARCON96 results into the final determination of
the Control Room Intake X/Q according to NRC DG-1111 prescribed methodology (see
Section 3.0).

TABLE 3-5

PAVAN Maximum X/Q 1sec/m3 ) Results
Off-Gas Stack to Control Room Intake

Modeled Horizontal Distance from Stack to Receptor (m)

Averaging] 209 280 300 500 750 1000 1500 2000 3000 4000 5000 6000
Period | (Actual
Distance)

0-2 hr 2.72E-06 |2.72E-06| 2.72E-06 |2.72E-06( 2.31E-06 | 2.06E-06 | 1.95E-06 | 1.83E-06| 1.77E-06 | 1.71E-06 | 1.70E-06 |1.60E-06

0-8 hr 4.10E-07 | 8.86E-07| 9.80E-07 | 1.23E-06 | 1.02E-06 | 8.87E-07 | 8.16E-07 | 7.96E-07 | 8.02E-07 | 8.02E-07 | 7.97E-07 | 7.49E-07
8-24 br 1.59E-07 | 5.06E-07| 5.88E-07 [8.27E-07 | 6.79E-07 | 5.83E-07 | 5.29E-07 | 5.26E-07 | 5.46E-07 | 5.49E-07 | 5.45E-07{5.23E-07
1-4 day 2.03E-08 | 1.50E-07 | 1.94E-07 |3.S0E-07|2.80E-07] 2.34E-07 | 2.07E-07 | 2.15E-07 | 2.50E-07 | 2.59E-07 | 2.58E-07 |[2.47E-07
4-30 day 1.06E-09 | 2.60E-08 | 3.95E-08 | 1.01E-07 | 7.83E-08 | 6.31E-08 | 5.35E-08 | 6.38E-08 | 8.36E-08 | 8.93E-08 | 8.86E-08 |8.43E-08

Notes:

Maxima indicated in bold.

2. Underlined values incorporated into ARCON96 determination of Control Room Intake per NRC DG-1111.

3. Maximum hourly X/Q (which is assigned to represent the 0-2 hour period) is actually predicted to occur at 500 m;
however, in accordance with PAVAN model methodology for elevated releases, this maximum value is conservatively
also assigned to any lesser desired boundary distance.

The X/Q values for the EAB and LPZ distances predicted by the PAVAN modeling
analysis of each release scenario are presented below in Table 3-6 for each time interval
required by NRC Regulatory Guide 1.145. These include the X/Q for the EAB and LPZ
distances predicted for an Off-Gas Stack release under ‘fumigation’ conditions for 0 - 0.5
hours.
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TABLE 3-6

PAVAN X/O gsec/mJ) Results

Off-Gas Stack and Reactor Building Stacks to EAB and LPZ

RELEASE
LOCATION

X/Q PARAMETER
(sec/m’)

0-0.5 hour

0-2 hour

0-8 hour

8-24 hour

1-4 day

4-30 day

(8

23

5.50E-06

1.76E-06

T.06E-06

3.536.07

8.86E-08

Site Limit

2.19E-04

1.61E-04

Direction-Specific Max NA ™) (WSW) (WSW) W) W)
Off Gas Stack Site Limit NA 8.89E-06 | 3.14E-06 | 1.87E-06 | 6.03E-07 | 1.19E-07
5.30E-05
Max Fumigation S, w, N/A N/A N/A N/A N/A
WNW, SSE)
Units 2 and 3 Reactor
Building Stacks
N 3.46E-04 | 1.79E-04 | 1.29E-04 | 6.33E-05 | 2.27E-05
Tower 2 33’ wind; Direction-Specific Max NA (ENE) (ENE) (ENE) (ENE) (ENE)
150°- 33’ stability
Site Limit NA 2.45E-04 | 1.34E-04 | 9.95E-05 | 5.19E-05 | 2.04E-05
N R 4.25E-04 | 2.26E-04 | 1.66E-04 | 8.45E-05 | 3.22E-05
River Tower wind; Direction-Specific Max NA (E) (SE) (SE) (SE) (SE)
Tower | A stability
NA 4.05E-04 8.28E-05

3.18E-05

3%

5.29E-06

i

2.56E-06

8.08E-07

1.78E-06 .
irecti ific M NA
Direction-Specific Max ) (N) N) ™) )
Off Gas Stack Site Limit NA 8.87E-06 | 3.94E-06 | 2.62E-06 | 1.09E-06 | 3.06E-07
1.75E-05
Max Fumigation (SW, WSW, N/A N/A N/A N/A N/A
NW, N)
. . 4.81E-05 | 2.08E-05 [ 1.37E-05 | 5.49E-06 | 1.49E-06
Units 2 and 3 Reactor | Direction-Specific Max NA (ENE) (ENE) (ENE) (ENE) (ENE)
Building Stacks
Site Limit NA 3.07E-05 | 1.43E-05 | 9.74E-06 | 4.25E-06 | 1.29E-06

* The higher of the direction specific and the site limit values are indicated in bold.
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4.0 ADDITIONAL PAVAN ANALYSIS OF CONTROL ROOM, EAB, AND
LPZ

As stated in Section 1, this section provides the additional X/Q values calculated pursuant
to the NRC RATI’s (i.e., AADB RAI 12, 13, and 23) with respect to Calculation PM-1055
Revision 0, and presents these on a comparative basis to those contained in Sections 2 and
3 above. The additional analyses respond to the issues of the appropriateness of '
meteorological tower data utilized for the LPZ, and the revised wind speed categorization
in Regulatory Guide 1.23 Revision 1. Results are presented at the end of this section.

4.1 LPZ (and EAB) Meteorological Database

As shown on Sheet 1 of both Attachments A and B, topography near the Peach Bottom
Site is complex. The facility is located on the shore of the Susquehanna River adjacent to
a bluff. Effluent releases are postulated from multiple locations, including from short
stacks on top of facility structures, locations at or near ground-level at the facility, and
from the 152 meter off-gas stack on the bluff. Meteorological data from all three towers
were utilized to generate atmospheric dispersion factors (X/Q values), namely from Tower
2 on the bluff, Tower 1A near the shore in the vicinity of the Peach Bottom facility
structures, and the River Tower based in the Susquehanna River. For the LPZ, the most
limiting X/Q values were selected for use in the AST LPZ dose assessments.

In Revision O of this calculation, neither the River Tower nor Tower 1A meteorological
data were utilized for the LPZ X/Q analysis of the RB Units 2 and 3 stacks. The RB stack
tops are at 305 ft msl, essentially above the Valley’s meteorological influences, and any
release would be at even higher elevations resulting from its velocity at the stack exit. As
discussed in Section 3.2.4.2, and depicted in Attachment B, the RB stack tops at 305 ft msl
are vertically much nearer the Tower 2 grade elevation of 367 ft msl than the River at 116
ft msl. Accordingly, the wind direction at the Tower 2 location, only about 500 feet south-
southwest of the RB Units 2 and 3 would also correspond more to the wind flow at the RB
stack tops than either the River Tower or Tower 1A. Unlike the area within the 823-meter
radius EAB, for much of which the elevation is at or near river-level, the great majority of
area within the 7300-meter radius LPZ is well above the River.

Even though meteorological tower data measured on Towers 1A and the River Tower
would not generally be representative of conditions at the LPZ, for purposes of
conservatism additional LPZ X/Q values were generated by PAVAN. These additional
PAVAN analyses are based on the meteorological data from Tower 1A located in the
Valley immediately adjacent to the Peach Bottom Facility, for the postulated Units 2 and 3
release locations of the Reactor Building Stacks, Turbine Building (for Main Steam Line
Isolation Valve leakage sources during a Loss of Coolant Accident and for the Control Rod
Drop Accident analysis), and Personnel Access Doors, Railway Bay Doors, Roof Scuttle,
and Ground-Level Hatches for the Fuel Handling Accident analysis (all considered as
ground-level releases).
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For the same meteorological data from Tower 1A, located in the Valley immediately
adjacent to the Peach Bottom Facility, the corresponding EAB X/Q values for these
accidents and release locations were generated by PAVAN as well, as these again
represent the most limiting X/Qs.

4.2 RG 1.23 Revision 1 Wind Speed Categories

The joint wind speed, wind direction, and atmospheric stability frequency distributions
based on Regulatory Guide 1.23 Revision 0 as described in Section 3 (used by PAVAN in
generating the X/Q values presented in Section 3 and additional LPZ and EAB X/Q’s
described in Section 4.1) were revised based on the 11 wind speed categories listed in
Regulatory Guide 1.23, Revision 1. A comparison of the Revision 0 and Revision 1 wind
speed categories is shown in Table 4-1. Attachment K contains the joint frequency
distributions revised for the 11 wind speed categories.

The 11-bin wind speed joint frequency distributions were then used to recalculate
the X/Q values for each release-receptor scenario previously run with the 7-bin

joint frequency distributions.

TABLE 4-1

PAVAN X/Q Wind Speed Categories

® To be inclusive of all monitored wind speeds, a midpoint was assumed between each designated wind speed

category.

® The higher of the starting speeds of the Climatronics® wind vane and anemometer equipment (i.e. 0.50 mph)

Wind Speed Categories’ Wind Speed Categories®
(Regulatory Guide 1.23, Revision 0) (Regulatory Guide 1.23, Revision 1)
Category Wind Speed (mph) Category Wind Speed (mph)
1 (Calm)® <0.5 1 (Calm)° <0.5
2 >=0.5to <3.5 2 >=0.5 to <2.35
3 >=3.510 <7.5 3 >=2.35 to <3.47
4 >=7.5t0 <12.5 4 >=3.47 to <4.59
5 >=12.5to0 <18.5 5 >=4.59 to <6.82
6 >=18.5 to <24 6 >=6.82 to <9.06
7 >=24 7 >=9.06 10 <11.30
8 - >=11.30to <13.53
9 >=13.53 to <18.01
10 >=18.01 to <22.37
11 >=22.37

was used as the threshold for calm winds, per Regulatory Guide 1.145, Section 1.1.
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4.3 Results of Additional PAVAN X/Q Analysis

Tables 4-2 and 4-3 present a comparative summary of the PAVAN X/Q results
based on Regulatory Guide 1.23, Revisions 0 and 1. Table 4-4 similarly presents
the comparative PAVAN X/Q results for the Off-Gas Stack to Control Room
Intake calculations. It can be seen that for each time-averaging period, the use of
the 11-bin joint frequency distributions based on Regulatory Guide 1.23, Revision
1, results in somewhat higher X/Q values for the EAB and LPZ, and for the other
modeled distance values in support of the Off-Gas Stack to Control Room X/Q.

Table 4-5 lists the higher of the Regulatory Guide 1.23 Revision 0 and Revision 1
PAVAN results for the Off-Gas Stack to Control Room Intake Scenario. Also
presented are the ARCON96 X/Q results for the same scenario as taken from Table
2-2. The PAVAN results are used in conjunction with the ARCON96 results to
produce the final Off-Gas Stack to Control Room Intake X/Q values according to
the methodology in Regulatory Guide 1.194, Section 3.2.2.

Attachment L contains the PAVAN input files and output file summaries
associated with each scenario.
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TABLE 4-2
PAVAN X/Q (sec/m?)
Off-Gas Stack and Reactor Building Stacks EAB X/Q Values™?
RELEASE XQ JFD Wind Speed
LOCATION | PARAMETER® [0-0.5 hour 0-2 hour 0-8 hour 8-24 hour 1-4day 4-30 day Category
Compliance'!

5.50E-06 | 1.76E-06 | 1.06E-06 | 3.53E-07 | 8.86E-08 .
Direction-Specific Max NA ™) (WSW) (WSW) W) (W) RG 1.23, Revision 0
NA 6.02E-06 | 1.88E-06 | 1.08E-06 [3.73E-07 | 9.29E-08 { o~ 2 poect |
W) W) (WSwW) w) W .
NA 8.89E-06 | 3.14E-06 | 1.87E-06 | 6.03E-07 | 1.19E-07 | RG 1.23, Revision 0
Tower 2 320° Site Limit
winds: Tower 2 NA 9.17E-06 | 3.24E-06 | 1.92E-06 | 6.22E-07 | 1.23E-07 | RG 1.23, Revision 1
3|6‘b :1.33' 5.30E-05
stability S, W, .
WNW, NA NA NA NA NA RG 1.23, Revision 0
. SSE)
Max Fumigation 530E-05
SNV‘X, NA NA NA NA NA | RG 1.23, Revision |
SSE)
Units 2 and 3 Reactor Building Stacks
3.46E-04 | 1.79E-04 | 1.29E-04 | 6.33E-05 | 2.27E-05 "
NA RG 1.23, Revision 0
o233 3 [PirectiomSpecific Max T TS5t | 10T T CIE07 2405
winds,; Iower . - . - . - B - K = .« .
150" - 33" NA (E) (E) (E) (E) (E) RG 1.23, Revision 1
wabili
stability NA | 2.45E-04.| 1.34E-04 | 9.95E-05 | 5.19E-05 | 2.04E-05 | RG 1.23, Revision 0
Site Limit
NA 2.95E-04 | 1.59E-04 | 1.16E-04 | 5.95E-05 | 2.27E-05 | RG 1.23, Revision |

Units 2 and

3 Reactor Build

ing Stacks, Turbine Building Stac
Access Doors, Railway Bay Doors, Roof Scuttle, and

ks, Reactor Building Personnel
Ground-Level Hatch

NA 7.35E-04 | 3.78E-04 | 2.71E-04 [ 1.39E-04 | 5.40E-0S RG 1.23. Revision 0
Direction-Specific Max (NNW) (NNW) (NNW) (NW) (NW) o
Tower 1A NA 9.11E-04 | 4.67E-04 | 3.35E-04 (1.64E-04 | 6.26E-05 | o~ | o3 pooicion
2 s Tower M | NNW) | NNW) | (NW) | (W) =
stability NA 6.53E-04 | 3.57E-04 | 2.64E-04 | 1.37E-04 | 5.36E-05 | RG 1.23, Revision 0
Site Limit
NA 7.45E-04 | 4.07E-04 | 3.01E-04 | 1.56E-04 | 6.11E-05 | RG 1.23, Revision 1
_ NA 4.2(515-04 22((;[;5;04 I.6(glé;04 8.‘81{53—05 3.2?]55—05 RG 1.23, Revision 0
River Tower jDirection-Specific Max ) (SE)
45'winds: Tower NA 4.51E-04 | 2.42E-04 | 1.77E-04 | 8.97E-05 | 3.39E-05 RG 1.23. Revision 1
yisitiv SE) | (SB) | B) | SEB) | (SB) ’
stability s NA 4.05E-04 | 2.19E-04 | 1.61E-04 | 8.28E-05 [ 3.18E-05 | RG 1.23, Revision 0
ite Limit
NA 4.08E-04 | 2.22E-04 | 1.64E-04 | 8.47E-05 | 3.28E-05 | RG 1.23, Revision |

! Blue highlighting indicates X/Q values obtained from Table 3-6 of the Calculation.
? Non-blue highlighting indicates X/Q values additionally generated for purpose of providing response to NRC RAI’s as referenced in

Section 1.0.

® The highest of the Direction-Specific and the Site Limit values are indicated in bold.
“RG 1.23, Revision 0 and RG 1.23, Revision 1 (March 2007) wind speed categories are shown in Tables 3-3 and 4-1, respectively.
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TABLE 4-3

PAVAN X/OQ gsec/msl

Off-Gas Stack and Reactor Building Stacks LPZ X/Q Values?
RELEASE X/Q JFD Wind Speed
LOCATION | PARAMETER® {0-0.5 hour| 0-2 hour | 0-8 hour |8-24 hour | 1-4 day | 4-30 day Category
_ Compliance'¥

Off-Gas Stack
NA 5.29E-06 | 2.56E-06 | 178E-06 | 8.08E-07 | 26007 | ooy oy oo
. (N) (N) ) (N) (N)
Direction-Specific Max 5.67E-06 | 2.71E-06 | 1.88E-06 | 8.44E-07 | 2.67E-07
NA o ey Rl e O RG 1.23, Revision 1
™) ) ) ™) ) evision
NA 8.87E-06 | 3.94E-06 | 2.62E-06 | 1.09E-06 | 3.06E-07 | RG 1.23, Revision 0
Tower 2 320’ Site Limit
Wig?fs;'%;'ae'rz NA 9.05E-06 | 4.01E-06 | 2.67E-06 | 1.10E-06 | 3.10E-07 | RG 1.23, Revision |
stability 1.7SE-05
(SW, .
WSW, 'NA NA NA NA NA RG 1.23, Revision 0
. NW, N)
Max Fumigation 1.75E-05
‘gfs"‘vv NA NA NA NA NA | RG 1.23, Revision 1
NW, N)
Units 2 and 3 Reactor Building Stacks
4.81E-05 | 2.08E-05 | 1.37E-05 | 5.49E-06 | 1.49E-06 .
NA RG 1.23, Revision 0
Direction-Specific Max (ENE) (ENE) (ENE) (ENE) (ENE)
Tower 2 33’ NA 4.82E-05 | 2.10E-05 | 1.39E-05 | 5.66E-06 | 1.55E-06 | ooy o povice )
winds; Tower 2 (E) (E) (E) (B) (E) -
stability NA 3.07E-05 | 1.43E-05 | 9.74E-06 | 4.25E-06 | 1.29E-06 | RG 1.23, Revision 0
Site Limit
NA 3.65E-05 | 1.67E-05 | 1.13E-05 | 4.82E-06 | 1.42E-06 ] RG 1.23, Revision |
Units 2 and 3 Reactor Building Stacks, Reactor Building Personnel Access Doors, Railway Bay |
Doors, Roof Scuttle, and Ground-Level Hatch
1.11E-04 | 4.70E-05 | 3.06E-05 | 1.26E-05 | 3.57E-06 .
NA (NNW) (NNW) (NNW) (NW) (NW) RG 1.23, Revision 0
Direction-Specific Max
Tower 14 P NA | Naad | S81ERS | 377805 'gﬁﬁs 415E06 | o | 53 Revision |
92 wmds:,-Tov‘ver NNW) (NNw) (NNwW) and NW) \w)
1A 89" -33
stability NA 9.89E-05 { 4.43E-05 | 2.96E-05 | 1.24E-05 | 3.55E-06 | RG 1.23, Revision 0
Site Limit
NA 1.13E-04 | 5.05E-05 | 3.38E-05 | 1.42E-05 | 4.05E-06 | RG 1.23, Revision 1

' Blue highlighting indicates X/Q values obtained from Table 3-6 of the Calculation.

2 Non-blue highlighting indicates X/Q values additionally generated for purpose of providing response to NRC RAI’s as referenced in
Section 1.0.

? The highest of the Direction-Specific and the Site Limit values are indicated in bold.
*RG 1.23, Revision 0 and RG 1.23, Revision 1 (March 2007) wind speed categories are shown in Tables 3-3 and 4-1, respectively.
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TABLE 4- 4

PAVAN Results for Off-Gas Stack to

Control Room Intake X/Q Calculations'"?

Modeled Horizontal Distance (m) from Stack to Control Room Intake
Averaging JFD Wind Speed
; Category 209 (Actual >
Period Compliance Distance) 280 | 300 | S00 750 | 1000 | 1500 | 2000 | 3000 | 4000 | 5000 | 6000
X/Q (sec/m®) ©
- 2.72E-| 2.72E- | 2.72E- | 2.31E- | 2.06E- | 1.95E-] 1.83E- | 1.77E-] 1.71E-| 1.70E- | 1 .60E-
02 Bt RG 1.23, Revision 0 2.72E-06 06 06 06 06 06 06 06 06 06 06 06
L 3.31E- | 3.31E- | 3.31E- | 2.60E- | 2.32E- | 2.18E-| 2.05E- } 1.95E- | 1.87E- | 1.86E- | 1.75E-
RG 1.23, Revision 1 3.31E-06 06 06 _0_6 06 06 06 06 06 06 06 06
. 1.50E- | 1.94E- | 3.50E- | 2.80E- { 2.34E- | 2.07E- | 2.15E- | 2.50E- [ 2.59E- | 2.58E- | 2.47E-
14 dar®9 RG 123, Revision 0§ 2.03E-08 07 | o7 | o7 | 07 | o7 {07 | 07 o7 {07 ] 07| o
y RG 1.23. Revision 1 2.28E-08 1.68E- | 2.18E- | 3.93E- | 3.02E- ] 2.55E- | 2.26E- | 2.34E- | 2.65E- | 2.74E- | 2.72E- | 2.62E-
" ) 07 07 07 07 07 07 07 07 07 07 07
. 2.60E- | 3.95E- | 1.01E- | 7.83E-| 6.31E-| 5.35E- | 6.38E-| 8.36E- | 8.93E- | 8.86E- | 8.43E-
4-30 day'® | RC 1.23, Revision 0 1.06E-09 08 | o8 | 07 | o8 | o8 | o8 | o8 | o8 [ o8 | o8 | o8
- 2.79E- | 4.23E- | 1.09E- | 8.26E- | 6.75E-| 5.77E- | 6.61E- | 8.60E- | 9.17E- | 9.07E- | 8.67E-
RG 1.23, Revision 1 1.14E-09 08 08 _ﬂ 08 08 08 08 08 08 08 08

! Blue highlighting indicates X/Q values obtained from Table 3-5 of the Calculation.

?Non-blue highlighting indicates X/Q values additionally generated for purpose of providing response to NRC RAI's as referenced in
Section 1.0.

? Maximum hourly X/Q (which is assigned to represent the 0-2 hour period) is actually predicted to occur at 500 m; however, in

accordance with PAVAN model methodology for elevated releases, this maximum value is conservatively also assigned to any lesser
desired boundary distance.

4 Averaging period maxima are indicated in bold.

$ Underlined values are incorporated into ARCON96 determination of Control Room Intake per NRC RG 1.194, Section 3.2.2.
®The maximum of the Direction-Specific Max and Site Limit values is listed.
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TABLE 4- 5§

Off-Gas Stack to Control Room Intake X/Q Summary

(Calculated in accordance with RG 1.194, Section 3.2.2)

 Model: ] "Distance:(m):
ARCON96? 209 112 1.00E-15 1.00E-15 1.00E-15 | 7.25E-15 | 5.92E-15
PAVAN @9 209 721 331E06 | NA® NA | 228608 | 1.14E-09
(actual distance) ’ ’ i ’

PAVAN @9 280 721 3.31E-06 NA NA 1.68E-07 | 2.79E-08
PAVAN &9 300 72.1 3.31E-06 NA NA 2.18E-07 | 4.23E-08
PAVAN G4 500 72.1 3.31E-06 NA NA 3.93E-07 1.09E-07
PAVAN &9 750 72.1 2.60E-06 NA NA 3.02E-07 | 8.26E-08
PAVAN &9 1000 72.1 2.32E-06 NA NA 2.55E-07 | 6.75E-08
PAVAN &4 1500 72.1 2.18E-06 NA NA 2.26E-07 5.77E-08
PAVAN -9 2000 72.1 2.05E-06 NA NA 2.34E-07 | 6.61E-08
PAVAN ®# 3000 72.1 1.95E-06 NA NA 2.65E-07 | B8.60E-08
PAVAN ¢4 4000 72.1 1.87E-06 NA NA 2.74E-07 | 9.17E-08
PAVAN &9 5000 72.1 1.86E-06 NA NA 2.72E-07 | 9.07E-08
PAVAN &9 6000 72.1 1.75E-06 NA NA 2.62E-07 | 8.67E-08
X/Q values calculated according to RG 1.194, _

Section 3.2.2 331E-06 1.00E-15 | 1.00E-15 | 1.64E-08 | 4.54E-09

! The release height for PAVAN model runs is measured from the Control Room Intake elevation instead of plant grade
per RG 1.194, Section 3.2.2.

2 ARCON96 X/Q values, taken from Table 2-2 of the Calculation.
3 The higher of the max sector X/Q and site limit value is selected.
* The higher of the RG 1.23, Revision 0 and RG 1.23, Revision 1 X/Q values was selected.

3 Not applicable
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5.0 SUMMARY AND CONCLUSIONS

The ARCON96 and PAVAN X/Q modeling calculation results are summarized below for
the Control Room, EAB and LPZ for the regulated time-averaging periods. Control Room
intake results are calculated using the ARCON96 model, supplemented with PAVAN
according to NRC Regulatory Guide 1.194 methodology. The EAB and LPZ results have
been calculated using the PAVAN model according to Regulatory Guide 1.145 and '
consistently for the most limiting meteorological data.

TABLE 5-1

X/O (sec/m’) Results Summary

RECEPTOR RELEASE POINT 0-2 hour | 2-8 hour (8-24 hour| 1-4 day | 4-30 day

Off-Gas Stack j| 3.31E-06 | 1.00E-15 | 1.00E-15 | 1.64E-08 | 4.54E-09

Control

Room Intakel Unit 2 Reactor Building Stack 1.18E-03 | 9.08E-04 | 4.14E-04 | 2.90E-04 | 2.26E-04

Unit 3 Reactor Building Stack : : 1.18E-03 | 8:91E-04 | 4.00E-04 | 2.51E-04 | 1.98E-04

Off-Gas Stack 9.17E-06 | 3.24E-06* | 1.92E-06 | 6.22E-07 | 1.23E-07

EAB Units 2 and 3 Reactor Building
(823 m) Stacks, Turbine Building, and
Personnel Access Doors,
Railway Bay Doors, Roof
Scuttle, and Ground-Level
Hatches

9.11E-04 | 4.67E-04* | 3.35E-04 | 1.64E-04 | 6.26E-05

Off-Gas Stack 1.75E-05 | 9.05E-06 | 4.01E-06* | 2.67E-06 | 1.10E-06 | 3.10E-07

LPZ Units 2 and 3 Reactor Building [
(7,300 m) Stacks, Turbine Building, and
Personnel Access Doors,
Railway Bay Doors, Roof
Scuttle, and Ground-Level
Hatches

1.38E-04 | 5.81E-05* | 3.77E-05 | 1.48E-05 | 4.15E-06

*PAVAN result representing 0-8 hour time period.

Attachments M and N provide WGI Computer Disclosure Sheets associated with the
ARCON96 and PAVAN analyses, respectively.
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7.0

DESIGN ANALYSIS NO. l_PM_-1055, REV.1

10.

1.

I6.

EXELON REVIEWER: V.. Mscist

Do assumptions have sufficient rationale?

Are assumptions compatible with the way the plant is operated and with the
licensing basis? Fgf ST

Do the design inputs have sufficient rationale?
Are design inputs correct and reasonable?

Are design inputs cgmpatible with the way the plant is operated and with the
licensing basis? For AS

Are Enginecring Judgments clearly documented and justified?

Are Engineering Judgments compatible with the way the plant is operated and
with the licensing basis? or

Do the results and conclusions satisfy the purpose and objective of the Design
Analysis?

Are the results and conclusions compatible with the way the plant is operated
and with the licensing basis? Aor

Does the Design Analysis include the applicable design basis documentation?
Have any limitations on the use of the results been identificd and transmitted
to the appropriate organizations?

Are there any unverified assumptions?

Do all unverified assumptions have a tracking and closure mechanism in
place?

Have all affected design analyses been documented on the Affected
Documents List (ADL) for the associated Configuration Change?

Do the sources of inputs and analysis methodology used meet current
technical requirements and regulatory commitments? (If the input sources or
analysis methodology arc based on an out-of-date methodology or code,
additional reconciliation may be required if the site has since committed to a
more recent code) For

Have vendor supporting technical documents and references (including GE
DRFs) been reviewed when necessary?

DATE:

OWNER’S ACCEPTANCE REVIEW CHECKLIST FOR EXTERNAL
DESIGN ANALYSIS '
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' A\ Y ATTACHMENT