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Attached is the response to the NRC staff question included in Request for Additional
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(ESPA), Part 2, Section 02.02.03. NRC RAI Letter No. 15 contained three (3) Questions. This
submittal comprises the final partial response to RAI Letter No. 15, and includes response to the
following one (1) Question:

02.02.03-2

When a change to the ESPA is indicated by a Question response, the change will be
incorporated into Revision 2 of the ESPA, planned for no later than March 31, 2013.

The remaining two (2) RAls associated with RAI Letter No. 15 were submitted to the NRC in
Exelon Letter NP-12-0004, dated March 2, 2012. This submittal completes the Exelon response
to NRC RAI Letter No. 15, dated February 2, 2012.

Regulatory commitments established in this submittal are identified in Attachment 2.

If any additional information is needed, please contact David J. Distel at (610) 765-5517.
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RS-002 and RG 1.206 provide guidance regarding the information that is needed to
ensure potential hazards in the site vicinity are identified and evaluated to in order to
meet the siting criteria in 10 CFR 100.20 and 10 CFR 100.21. Flammable Vapor Clouds
(Delayed Ignition) due to pipeline transmission is addressed in SSAR Section
2.2.3.1.2.1. However, the section does not provide sufficient information to enable the
NRC staff to independently evaluate the total hazard frequency determined by the
applicant as follows:

1). It is not clear whether the pipelines for the transport of ethylene/cyclohexane and
gasoline are also considered in the probability evaluation.

2). It is not clear what model has been used in performing the deterministic analysis to
calculate the frequency of the acceptable/unacceptable impacts.

3). It is not clear how the onsite and offsite failure rates are used in the determination of
the total event probability of 3.67 x 10-7 events/yr.

In regards to the three items above, the NRC staff requests for the applicant to clarify the
methodology and models used to determine the total hazard frequency for flammable
vapor clouds, including clarification of the assumptions, specific pipelines and materials
considered, and pertinent data used in the analysis.

Response:

The response will be provided in three parts as portrayed in the NRC request. Part 1 of
this response will respond to the first numerated information request by the NRC,
specifically:

Part 1:

1). It is not clear whether the pipelines for the transport of ethylene/cyclohexane and
gasoline are also considered in the probability evaluation.

The chemical pipelines, ethylene/cyclohexane and gasoline, were not considered in the
flammable vapor cloud (delayed ignition) probability evaluation. Rather than providing a
bounding screening analysis, for ease of review, both a deterministic point source
explosion analysis (immediate detonation), and deterministic flammable/explosive vapor
cloud analysis (delayed ignition) were performed for each of these chemicals transported
in the identified pipelines, where a credible scenario was identified. (Note, as indicated in
SSAR Section 2.2.2.3.2, diesel fuel was screened from further evaluation due to its low
vapor pressure.)

For an explosion to occur, the chemical must be in vapor form at concentrations
between the lower flammability limit (LFL) and upper flammability limit (UFL). For each
chemical transported in the gaseous state, the point source (immediate detonation)
analysis was performed using a TNT-equivalency method, where it was conservatively
assumed that upon failure of the pipeline the entire mass of the gas in the pipeline was
available for immediate detonation. With regard to chemicals transported in the liquid
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phase, in order for a source explosion (immediate detonation) to occur, this vapor mass
would have to be immediately available for detonation upon failure of the pipeline. Due
to the geometry of a pipeline (very long and narrow), the only scenario in which a rupture
would permit immediate detonation of the chemical is if the mass in the pipeline was in
the vapor state between the LFL and UFL (i.e., partial or no liquid flow) and the pipeline
ruptured along its entire length. Such an event is not plausible; therefore, a source
explosion (immediate detonation) for atmospheric liquid pipelines (cyclohexane and
gasoline) is not considered a credible event.

The safe distance for a point source explosion (immediate detonation) is based on a
level of peak positive incident overpressure below which no significant damage would be
expected. This level is conservatively chosen at 1 psi. (References 1 and 2) As shown
in Table 1, the results for the point source explosion (immediate detonation) involving the
transport of ethylene indicate that the safe distance is less than the minimum separation
distance from the VCS power block area to the ethylene pipeline break.

The flammable vapor cloud and vapor cloud explosion analyses (delayed ignition) for the
identified chemicals transported in the pipelines were conducted using the Areal
Locations of Hazardous Atmospheres (ALOHA) model. For each chemical transported
in the identified pipelines, ALOHA was used to transport/disperse the formed vapor
cloud and determine the distance to the LFL and the distance to 1 psi resulting from the
detonation of the formed vapor cloud. The safe distance was measured as the distance
from the spill site to the location where the formed vapor cloud reaches the LFL
(flammable vapor cloud analysis) or the distance to where the pressure wave was at 1
psi overpressure upon detonation (vapor cloud explosion analysis).

Conservative assumptions were used in the ALOHA analyses regarding both
meteorological inputs and identified scenarios. Each postulated scenario was evaluated
under a spectrum of meteorological conditions (stability class, wind speed, temperature,
and cloud cover) to determine the worst-case meteorological condition. The spectrum of
meteorological parameters chosen for the meteorological sensitivity analysis was
selected based on the defined Pasquill meteorological stability classes.

Additionally, to ensure the worst case scenario was captured for ethylene and
cyclohexane, multiple scenarios were considered as detailed below.

For ethylene, two scenarios were considered:
1. Scenario 1: a pipeline release connected to an infinite source.
2. Scenario 2: a direct release of the total volume (37,322 fe) in the pipeline

(volume of the pipeline based on the total length of the pipeline, 64 miles, and
diameter, 4.5 inches).

And for cyclohexane, two scenarios were considered:
1. Scenario 1: a pipeline break was considered where the entire volume of the

pipeline, 37,322 fe, was released to form a 31,400 m2 puddle, the puddle size
constraint in ALOHA.

2. Scenario 2: the entire pipeline volume was released into a 1 cm thick puddle
(although it is extremely unlikely given terrain restrictions that a puddle would
spread to an area greater than 31,400 m2

). The evaporation rate was then
calculated following U.S. EPA guidance (Reference 3). The evaporation rate
was then entered into ALOHA as a direct release occurring over 60 minutes. To
approximate the direct release (point source) as a release from a large puddle
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size, the virtual point source approximation method was used. This method
treats the emissions across the puddle area as a source having an initial
horizontal standard deviation, cry, for each stability class. A virtual distance was
then found using RG 1.194 that provides this horizontal deviation for each
stability class and wind speed. (Reference 4) The virtual distance calculated
using this methodology represents the distance the vapor cloud would need to be
transported while dispersing under specified atmospheric conditions such that
the dimensions of the released vapor cloud from this virtual point origin would
approximate the diameter of the 1 cm puddle when it reaches the "real" distance
at the source.

(Note Gasoline was modeled according to the methodology described in Scenario 2 for
cyclohexane where the volume of the pipeline (750,403 fe) was based on the total length
of the pipeline, 248 miles, and diameter, 10.25 inches.)

As shown in Table 1, the results for each identified scenario involving the flammable
vapor cloud/vapor cloud explosion analysis indicate that the safe distances are less than
the minimum separation distances from the VCS power block area to the analyzed
pipeline break for each chemical transported in the identified pipelines. Therefore, these
potential hazards will not adversely affect the safe operation or shutdown of units located
at the VCS site.
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Table 1: Worst-Case Source Explosion and Flammable/Explosive Vapor Cloud Results

- 1: ;~ ... .
t- o ....I CI'iii Co

III '0_ Ill_ =:- Q.Cl W '0 'tij Q. 0-
III C III III '0

E5lf!
'iii CI_

iii III CI CI CI CI - 1lI_....I :::l(l) ....
oUll0 is E ...

__ Ill
>1lI 0 .2 • 0_U ClIlI'C :::l'';:: 0 lO - C:::l CI (I) - -.:- a-J!!:e.'E

~
CI:; i - a:: ... C Ef!-CI -'Cl3!

()c--
lO

~ &. g .c'C o CI 3! W.!!! .-CI lil 3l ... .- lO CI ... lO:::lU_ ....- U
.c :a CI .5 0. U <C E c-- &.~c:e. CI e a.to. lO 0. .- lO 0. :!!iClColI: o lO() e ~>-- lO'Q.J!! ~CI ....lO

~(I) E lOW (l)lOU Eo'lij- - 0 > >c.!!! :::l-(I)
~

:::l-- 1Il_ lO .- o lO
0 ClD u:: e we (1)(1)

Ethylene F 1 June 21 20111
75.0 8.5 x 104 23,760 1,011 2,142 9,148

(Scenario 1) 5:00am (4.5 mi) (0.19 mi) (0.41 mi) (1.7 mi)

Ethylene F 1 June 21 20111
75.0 8.3 x 105 23,760 16,368 19,008 9,148

(Scenario 2) 5:00am (4.5 mi) (3.1 mi) (3.6 mi) (1.7 mi)

Cyclohexane F 1
June 21 20111

75.0 1.4x105 23,760 1,632 3,333 N/A(Scenario 1) 5:00am (4.5 mi) (0.31 mi) (0.63 mi)

June 21 20111 31,916 2,631 Not the
F 2 75.0 1.5 x 106 Limiting N/A5:00am (6.0 mi) (0.50 mi) Case

Cyclohexane
(Scenario 2)' Not the

B 1.5 June 2120111
99.5 1.8 x 106 25,587 Limiting 6,336 N/A12:00pm (4.8 mi) Case (1.2 mi)

June 21 20111 60,341 10,032 Not the
F 3 75.0 2.5x107 Limiting N/A

5:00am (11.4 mi) (1.9 mi) Case
Gasoline

(n-Heptane)'
Not the

C 3 June 21 20111
99.5 3.1 x 107 29,232 Limiting 21,120 N/A12:00pm (5.5 mi) Case (4.0 mi)

Includes virtual POint approximation distances for each scenano when indicated.

References (Response Part 1):
1. U.S. Nuclear Regulatory Commission, Regulatory Guide 1.91, Evaluations of

Explosions Postulated to Occur on Transportation Routes Near Nuclear Power
Plants, February 1978.

2. U.S. Nuclear Regulatory Commission, Draft Regulatory Guide DG-1270, Evaluations
of Explosions Postulated to Occur at Nearby Facilities and on Transportation Routes
Near Nuclear Power Plants, July 2011 .

3. U.S. Environmental Protection Agency, Risk Management Program Guidance for
Offsite Consequence Analysis, March 2009.

4. U.S. Nuclear Regulatory Commission, Regulatory Guide 1.194, Atmospheric Relative
Concentrations for Control Room Radiological Habitability Assessments at Nuclear
Power Plants, June 2003
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2). It is not clear what model has been used in performing the deterministic analysis
to calculate the frequency of the acceptable/unacceptable impacts.

A. Model Used for Deterministic Calculations

As stated in SSAR subsection 2.2.3.1.2.1, the hazard frequency for each
natural gas transmission pipeline is computed using a Monte Carlo
simulation in which many deterministic calculations are performed for each
pipeline using randomly sampled sets of input data. The deterministic
modeling in the pipeline hazard analysis is performed using Mathcad hand
calculation methods. Within the Mathcad analysis, many gas dispersion
calculations are performed using different sets of possible inputs to
support an overall probabilistic analysis consistent with RG 1.91 [Ref. 12]
and RG 1.78 [Ref. 9]. The gas release due to a pipe break and
subsequent Gaussian dispersion is modeled consistent with RG 1.78 and
NUREG-0570 [Ref. 1]. In addition, the Mathcad deterministic calculations
include well documented physical phenomena that enhance the calculated
gas dispersion. The methodology used in the Mathcad calculations is
consistent with that documented in the Hartsville Nuclear Plant safety
evaluation report (SER) [Ref. 11], which is referenced in NUREG-0800
Section 2.2.1-2.2.2 [Ref. 10]. The Hartsville SER endorses the use of gas
plume rise as well as the consideration of a variety of postulated
mechanisms of expansion and dispersal of natural gas from a pipeline
release.

At NRC request, a comparison between the Mathcad and ALOHA [Ref. 8]
deterministic calculations is performed and documented herein. As
described in the subsequent sections there are differences between the
Mathcad and ALOHA methodologies. The Mathcad model includes
physical phenomena, not modeled in ALOHA, that enhance gas
dispersion, in order to produce more realistic gas concentration results. In
other ways, the Mathcad model is more conservative than the ALOHA
calculations since the Mathcad model does not share the same limitations
as ALOHA. The differences between the Mathcad and ALOHA
deterministic calculations are appropriate and consistent with the overall
probabilistic analysis approach. The Mathcad model used to generate the
results in the SSAR is described herein as the "Mathcad Full" model.

To facilitate a comparison between the Mathcad and ALOHA results,
modifications were made to the Mathcad model to override the
methodology differences identified. By overriding the methodology
differences, a comparison of the Mathcad and ALOHA gas release rate
and Gaussian dispersion models can be performed. The modified
Mathcad model used for the comparison with ALOHA is described herein
as the "Mathcad Modified" model.
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A.1 Methodology Differences

Before a meaningful comparison of results between the Mathcad and
ALOHA models can be conducted, any differences between the two
methodologies must be understood. There are several phenomena that
are modeled in the Mathcad analysis that are not included in the ALOHA
software. Additionally there are limitations and simplifications in both the
Mathcad and ALOHA analyses that may lead to differences in the analysis
results. Table 1 provides a listing of the major known differences between
the two methodologies. The hazard frequency calculation results
presented in SSAR Section 2.2.3.1.2.1 are based on a Mathcad model that
includes all of the phenomena listed in Table 1.

D'ffALOHA M th d IT bl 1 M th da e a ca vs. e o OOqV I erences
Phenomena/Limitation Description ALOHA MATHCAD

1. Gaussian dispersion X X
2. Initial dispersion X
3. Jet entrainment dispersion for full pipe X

breaks
4. Plume rise due to qas buoyancy X
5. Plume meander X
6. Double-ended breaks considered X
7. Wind speeds less than 1.0 m/s allowed X
8. Stabilitv class G allowed X
9. Partial pipe break with constant upstream X

pressure
10. Release greater than 1 hour duration X
11. Specified source and tarqet elevations X
12. Maximum initial flow rate X

The following sections describe the methodology differences and
limitations listed in Table 1.

A.1.1 Gaussian Dispersion

Both the Mathcad and ALOHA models use similar Gaussian dispersion
models. However, the Mathcad model credits several enhancements that
increase the dispersion coefficients as described in Sections A.1.2 through
A.1.5.

A.1.2 Initial Dispersion

When the gas first exits from the postulated pipe break, there is an initial
dispersion due to the expansion of the gas to the ambient conditions.
NUREG-0570 [Ref. 1] defines the initial dispersion coefficient for a puff
release based on the puff concentration equation.
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(Eq. 1)

where: aipUff =puff initial dispersion coefficient (ft)
ps =gas concentration/density at the beginning of

plume dispersion (Ibm/fe)
mpuff = puff release mass (Ibm)

An equivalent approach can be used for the initial dispersion of the natural
gas plume using the plume concentration equation, Equation 2.2-9 of
NUREG-0570. Since the initial dispersion is at the point of release,
parameters z, h, and yare set equal to zero. The concentration is then
replaced with the initial gas density following release (Ps). The vertical and
horizontal dispersion due to gas expansion are equal, so or and CYz are
replaced with Oi. Solving the equation for Oi gives the relationship for the
initial dispersion coefficient as shown in Eq. 2:

(Eq.2)

where: aiplume =plume initial dispersion coefficient (ft)
U = wind speed (ft/s)
In =mass flow rate through the break (Ibm/s)

By making use of these initial dispersion coefficients in the Mathcad
model, the initial chemical concentration in air is limited to a 1,000,000
ppm (100% concentration). Conversely, ALOHA does not limit the initial
concentration. This can be seen by displaying the "Threat at a Point" in
ALOHA for a location 1 ft from the release. The ALOHA calculated
concentration for such a case is a non-physical value substantially greater
than 1,000,000 ppm.

A.1.3 Jet Entrainment

As gas exits the high pressure pipeline, substantial mixing can occur due
to jet entrainment of the ambient air. This dilution mechanism is not
modeled in ALOHA. Entrainment of the surrounding air dilutes the plume
during the jet mixing phase prior to the start of the Gaussian plume
dispersion. The gas exits the break at choked flow and quickly expands to
ambient pressure as described in the paper by Sand [Ref. 4]. Consistent
with the methodology presented by Sand [Ref. 4], entrainment mixing is
based on an equivalent nozzle area, gas velocity, and gas density
following expansion to ambient conditions. This gas dispersion
mechanism is applied only to the largest pipe breaks in the Mathcad
analysis. For large breaks, larger than 1 ft diameter, the force of the
escaping gas will be sufficient to create a crater in the vicinity of the pipe
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break. For these breaks, jet mixing is credited, and the initial gas
concentration is defined accordingly. For smaller breaks, the crater
produced may not be as significant, such that the jet entrainment may be
mitigated by the ground surrounding the break. For these smaller breaks,
jet entrainment is not credited.

A.1 .4 Plume Rise Due to Gas Buoyancy

In the Mathcad analysis, buoyancy-driven plume rise is credited in
evaluating the dispersion of the natural gas release according to the
methodologies in Briggs [Ref. 2] and NTIS Report CG-D-74-74 [Ref. 3].
Far from the release point, the plume height is defined by the limiting rise
height. The limiting rise height is given by Eq. 3, based on the NTIS
Report [Ref. 3, equation 6-61]:

2/3

!1hmax = lp .
u

(Eq.3)

l = rhg!1 =buoyancy length of the cloud rise (ft)
p PsJdJ3

!1=1-~
Po

ae
where: a; = absolute value of the potential temperature gradient in the

atmosphere
ps = density of natural gas [Ibm/fe]
Pa = density of air [Ibm/fe]
9 = gravitational acceleration [ftls2

]

~ = fractional density defect
Tamb =ambient air temperature (OR)

The gradient of potential temperature is defined in Briggs [Ref. 2] as:

ae dT 5.4°P
-=-+--
dz dz lOOOft

The change in temperature with elevation is taken from Table 2 which is
based on Reg. Guide 1.23 [Ref. 7]. In the Mathcad analysis, temperature
gradients are randomly sampled from these ranges for the chosen stability
class.

(Eq.4)
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G d" t D ta e " emperature ra len aa
Pasquill Stability Temperature Temperature

Class Gradient Gradient
;;rIm. (OC/100 m) ;;rIm. CF/1000 tt)

A -3.4 to -1.9 -18.7 to -10.4
B -1.9to-1.7 -10.4 to -9.3
C -1.7 to -1.5 -9.3 to -8.2
D -1.5 to -0.5 -8.2 to -2.7
E -0.5 to 1.5 -2.7 to 8.2
F 1.5 to 4.0 8.2 to 21.9
G 4.0 to 15.0 21.9 to 82.3

T bl 2 T

Plume rise is a significant phenomenon not modeled in ALOHA. Modeling
plume rise can reduce calculated concentrations in two ways; 1) plume
rise can displace the plume centerline above the receptor, and 2) elevation
of the plume reduces or eliminates ground reflection. In addition, modeling
plume rise allows for consideration of elevation differences between the
source and receptor. Differences between the plume centerline elevation
and the receptor elevation can significantly reduce the calculated
concentration at the receptor.

A.1.5 Plume Meander

As cited in NUREG/CR-2260 [Ref. 5], the effluent concentrations
measured at low wind speeds are usually substantially lower than those
predicted using the Pasquill dispersion coefficients. The reduced
concentrations are due primarily to enhanced horizontal spreading of the
plume as it meanders over a large area. This meandering produces lateral
(y) dispersion values that are much larger than those obtained by the
Pasquill curves. To account for this effect, use is made of a meander
factor, Mr, which modifies the value of the lateral dispersion coefficients to
include the lateral plume spread due to meander. The value of the
meander coefficient is calculated in accordance with Reg. Guide 1.145
[Ref. 6]. Plume meander is not included in ALOHA, but is credited in the
Mathcad model. As described in Reg. Guide 1.145 [Ref. 6], meander can
increase the lateral dispersion coefficient by up to a factor of 6.

A.1.6 Double-Ended Breaks

ALOHA calculated mass release rates from pipeline release are based on
a release from one end of the broken pipeline. For full pipeline breaks, the
Mathcad model considers a double-ended break, where both ends of the
pipeline are connected to a pressure source. Using double-ended breaks
produces significantly higher (more conservative) release rates for the
Mathcad model for full pipe breaks.
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ALOHA does not allow wind speeds less than 1 m/s to be specified. Wind
speeds used in the Mathcad model are sampled from site meteorological
data and can include any wind speed. Lower wind speeds can reduce
dispersion and lead to higher calculated concentrations. The ALOHA
limitation on wind speed is non-conservative for this analysis.

A.1.8 Stability Class G

ALOHA does not allow the use of the stability class G. Site meteorological
data indicates that stability class G is applicable 15% of the time, much
greater than the 5% worst case weather conditions recommended by Reg.
Guide 1.78 [Ref. 9J. Stability classes used in the Mathcad model are
sampled from site meteorological data and can include any stability class.
Use of stability class G reduces dispersion and leads to higher calculated
concentrations. The ALOHA limitation on stability class is non
conservative for this analysis.

A.1.9 Partial Pipe Break

When a partial pipe break is used in ALOHA for a gas pipeline release, a
constant upstream pressure cannot be specified. The user is forced to
specify a closed ended pipe such that the pipeline will depressurize and
the release rate decrease as the transient proceeds. The Mathcad model
maintains a constant upstream pressure so that, for small breaks, the
pipeline does not depressurize. Therefore, for this application, the ALOHA
model calculates a non-conservative total release mass for partial pipeline
breaks.

A.1.10 Release Duration

ALOHA limits the release duration to 1 hour. This is a non-conservative
limitation, but has no impact on the pipeline hazard frequency calculation
since only peak outdoor concentrations are used. When a reactor design
is selected and indoor control room concentration calculations are needed,
the 1 hour limitation may become significant.

A.1.11 Source and Target Elevations

ALOHA does not allow for the specification of different source and target
elevations. In the case of a pipeline release, the source will be at ground
level; however, the control room air intakes are elevated. Modeling of this
elevation difference in the Mathcad model can lead to lower calculated gas
concentrations.
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A.1.12 Maximum Initial Flow Rate

ALOHA calculates and reports the initial flow rate as a one minute average
value. For large pipe breaks, significant depressurization and
corresponding flow reduction can occur within the first minute of the pipe
break. The Mathcad conservatively calculates gas concentrations for a
plume release at the maximum initial flow rate. Use of a one-minute
average flow rate in ALOHA is non-conservative for this analysis.

A.2 Deterministic Model Comparison

In order to facilitate a better comparison between the Mathcad and ALOHA
results, modifications were made to the Mathcad model to override some
of the methodology differences identified in Table 1. Changes were made
to disable Items 2, 3, 4, and 5 from Table 1. Differences 6 through 10 are
avoided by performing the Mathcad/ALOHA comparison for only those
sets of input that satisfy the ALOHA limitations. In addition, both the
source and intake elevations are set to the ground elevation to address
Item 11. Difference 12 is compensated for by specifying the mass flow
rate in ALOHA to match the Mathcad calculated value.

A.2.1 Input Selection

Data sets for use in the Mathcad/ALOHA comparison are selected from
the many sets of data sampled by the Mathcad model. A range of break
sizes and stability classes were selected. Only cases producing a
measurable concentration at the site were selected. The input parameters
required for ALOHA are summarized in Table 3.

DALOHA Ia e 3: nput ata
Parameter Case 1 Case 2 Case 3 Case 4
Description

1. Pipe Diameter (in) 25.375 25.375 25.375 25.375
2. Pipeline Pressure (psia) 904.7 904.7 904.7 904.7
3. Pipeline Temperature (OF) 50 50 50 50
4. Pipe Length (miles) 5 5 5 5
5. x Distance from Break (ft) 3646 3644 3698 2852
6. y Distance from Plume 0 0 0 218

Centerline (tt)
7. z Elevation Difference Between 0 0 0 0

Break and Point x, y (ft)
8. Wind Speed (m/s) 2.547 1.527 3.275 1.742
9. Air Temperature (OF) 66.0 95.1 57.7 61.0
10. Stability Class (-) D F F D
11. Break Area (in2

) 1011.4 5.06 45.5 20.2

T bl
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Two sets of Mathcad calculations are performed for each Case listed in
Table 3. The first calculation takes advantage of all the features and
phenomena models. These cases are referred to as "Mathcad Full." The
second set of Mathcad calculations use a modified model that disables the
features that are not modeled in ALOHA. These cases are referred to as
"Mathcad Modified."

The intent of the "Mathcad Full" calculation is to show the calculated vapor
cloud dispersion results for a specific set of input.

The intent of the "Mathcad Modified" calculation is to show vapor cloud
dispersion results suitable for comparison with ALOHA.

A.2.2.2ALOHA

ALOHA calculations are performed using the input from Table 3 to
determine the toxic threat zone and toxic threat at a point with the x and y
coordinates listed in Table 3. The toxic concentration for the calculations
is set to the lower explosive limit (LEL) concentration of 46,000 ppm. For
each case, two ALOHA runs are performed. In the first run, a "Pipeline"
source is used to compare the release rate calculated by ALOHA to that of
the Mathcad model. These cases are referred to as "ALOHA (Calculated
Release)." In the second ALOHA run, a "Direct" source is used, where the
release rate is set to the rate calculated in the Mathcad model. These
cases are referred to as "ALOHA (Specified Release)."

A.2.3 Deterministic Results Comparison

The results of the Mathcad and ALOHA calculations for each of the four
cases are presented in Tables 4 through 8.

Table 4: Case 1 Results (Full 1011.4 in2 Pipe Break, Concentration On Centerline,
y=O ft)

Parameter Mathcad Mathcad ALOHA ALOHA % Diff of
Description Full Modified (Calculated (Specified Bold Cells

Release) Release)
1. Initial (Maximum) 17,099 17,099 1,605 17,099 965%

Release Rate (Ibm/s)
2. Continuous Release Rate 2,163 2,163 920 17,099 135%

(lbm/s)
3. Plume Centerline Height 683 0 0 0 -

(ft)

4. Centerline Distance to 328 16,405 2,691 14,784 11%
Reach LEL (ft)

5. Concentration at point x, 2,334 462,043 24,000 384,000 20%
y (ppm)
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Case 1 provides a comparison of results for a full pipeline rupture. The
mass release rate calculated in the Mathcad model is substantially and
conservatively higher than that calculated using ALOHA. The Mathcad
release rate is higher for both the initial and for the steady-state release
rate, following blowdown of the pipeline. The Mathcad release rate is
higher since the model considers double-ended breaks, whereas ALOHA
models the flow from only one end of the pipe. In addition, for the initial
flow rate, ALOHA uses a one-minute average value where the Mathcad
model conservatively uses an instantaneous flow rate.

The results of the "Mathcad Full" model show significantly lower
concentration due to the following phenomena discussed in Section A.1 :
initial dispersion, jet entrainment, plume rise, and plume meander.

When the ALOHA flow rate is specified to be equal to the Mathcad
calculated initial flow rate, the vapor cloud dispersion results are similar
between the "Mathcad Modified" model and the ALOHA results. The
"Mathcad Modified" results are more conservative than ALOHA for the full
pipeline break.

2Table 5: Case 2 Results (5.06 in Pipe Break, Concentration On Centerline, y=O ft)
Parameter Unmodified Modified ALOHA ALOHA % Diff of
Description Mathcad Mathcad (Calculated (Specified Bold

(Appendix (Appendix Release) Release) Cells
B) D)

1. Initial (Maximum) 70 70 71 70 -1%
Release Rate (Ibm/s)

2. Continuous Release 70 70 - 70 -
Rate (Ibm/s)

3. Plume Centerline Height 96 0 0 0 -
(ft)

4. Centerline Distance to 745 1,969 2,034 2,010 -2%
Reach LEL (ft)

5. Concentration at point x, 984 15,446 16,400 16,200 -5%
y (ppm)

Case 2 provides a comparison of results for a small pipeline rupture. The
initial mass release rate calculated in the Mathcad model is consistent with
that calculated using ALOHA. In this case, the break is small enough that
the pipeline does not blow down and the break flow remains constant in
the Mathcad models. In the ALOHA (Calculated Release) model the
pipeline pressure and mass flow rate decrease throughout the transient.

The results of the "Mathcad Full" model show significantly lower
concentration due to the following phenomena discussed in Section A.1 :
initial dispersion, plume rise, and plume meander. The plume rise is
calculated to be 96 ft. in this case. A hand calculation validation of the
plume rise can be performed using the methodology in Section A.1.4 as
follows. Using the input for Case 2 from Table 3:
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0.019 °F/ft (This value was randomly
J(}
Jz

selected by the Mathcad model from the range
of values for Stability Class F, see Table 2)

m= 70lbm/s
U= 1.527 m/s =5 ft/s
Ps = 0.048Ibm/fe
Pa = 0.072 Ibm/ft3

g = 32.2 ftls2

/1 = 1 - 0.048/0.072 = 0.333
Tamb = 555 oR

l = 70·32.2·0.333 = 38.8 ft
p 0.048Jr(5)3

2/3

I1hrnax =38.8·
5

38.8 32.2 0.019
555

=96ft

When the ALOHA flow rate is specified to be equal to the Mathcad
calculated initial flow rate, the vapor cloud dispersion results for the
"Mathcad Modified" model and the ALOHA model are very close.

2Table 6: Case 3 Results (45.5 in Pipe Break, Concentration On Centerline, v=O ft)
Parameter Unmodified Modified ALOHA ALOHA % Diff of
Description Mathcad Mathcad (Calculated (Specified Bold

(Appendix (Appendix Release) Release) Cells
B) Df

1. Initial (Maximum) 631 631 617 631 2%
Release Rate (Ibm/s)

2. Continuous Release 631 631 - 631 -
Rate (Ibm/s)

3. Plume Centerline Height 132 0 0 0 -
(ft)

4. Centerline Distance to 2,625 4,593 3,939 4,407 4%
Reach LEL (ft)

5. Concentration at point x, 1,339 59,097 51,500 61,800 -4%
y (ppm)

Case 3 provides a comparison of results for partial pipeline rupture larger
than that used in Case 2. The initial mass release rate calculated in the
Mathcad model is slightly higher (more conservative) than that calculated
using ALOHA. In this case, the break is small enough that the pipeline
does not blow down and the break flow remains constant in the Mathcad
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models. In the ALOHA model the pipeline pressure and mass flow rate
decrease throughout the transient.

The results of the "Mathcad Full" model show significantly lower
concentration due to the following phenomena discussed in Section A.1 :
initial dispersion, plume rise, and plume meander. When the ALOHA flow
rate is specified to be equal to the Mathcad calculated initial flow rate, the
vapor cloud dispersion results for the "Mathcad Modified" model and the
ALOHA model are very close.

Table 7: Case 4 Results (20.2 in2 Pipe Break, Concentration 218 ft Off Centerline,
y=218 ft)

Parameter Unmodified Modified ALOHA ALOHA % Diff of
Description Mathcad Mathcad (Calculated (Specified Bold

(Appendix (Appendix Release) Release) Cells
B) of

1. Initial (Maximum) 280 280 275 280 2%
Release Rate (Ibm/s)

2. Continuous Release 280 280 - 280 .
Rate (Ibm/s)

3. Plume Centerline Height 292 0 0 0 .
(ft)

4. Centerline Distance to 1,148 1,641 1,401 1,416 16%
Reach LEL (ft)

5. Concentration at point x, 68 8,929 7,820 8,330 7%
y (ppm)

Case 4 provides a comparison of results for partial pipeline rupture. The
concentration is compared at a point off of the plume centerline (y=218 ft)
to verify the lateral plume spread is consistent between the two models.
The initial mass release rate calculated in the Mathcad model is slightly
higher (more conservative) than that calculated using ALOHA. In this
case, the break is small enough that the pipeline does not blow down and
the break flow remains constant in the Mathcad models. In the ALOHA
model the pipeline pressure and mass flow rate decrease throughout the
transient.

The results of the "Mathcad Full" model show significantly lower
concentration due to the following phenomena discussed in Section A.1:
initial dispersion, plume rise, and plume meander. When the ALOHA flow
rate is specified to be equal to the Mathcad calculated initial flow rate, the
vapor cloud dispersion results for the "Mathcad Modified" model and the
ALOHA model are close, with the Mathcad results more conservative.
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• There are significant known methodology differences between the
Mathcad and ALOHA models that explain why the "Mathcad Full"
model used to generate the SSAR Section 2.2.3.1.2.1 results gives
lower calculated concentrations than ALOHA. The methodology
used in the Mathcad calculations is consistent with that
documented in the Hartsville Nuclear Plant safety evaluation report
(SER) [Ref. 11], which is referenced in NUREG-0800 Section
2.2.1-2.2.2 [Ref. 10). Therefore, the differences between the
Mathcad and ALOHA results are expected and justified consistent
with the overall probabilistic analysis approach used for the VCS
natural gas transmission pipeline analysis.

• For each of the four sample cases, the Mathcad model calculated
release rates that were approximately equal to or higher than those
calculated by ALOHA.

• A modified Mathcad model, with similar features as ALOHA,
yielded similar results for distance to reach the lower explosive limit
and concentration at a point.

Part 3:

3). It is not clear how the onsite and offsite failure rates are used in the determination
of the total event probability of 3.67 x 10.7 events/yr.

Specific Pipelines Analyzed

The total hazard frequency for flammable vapor clouds is evaluated for the
natural gas transmission pipelines in the vicinity of the VCS site. The pipelines
listed in Table 8 are included in the pipeline hazard frequency determination
including data relevant to the calculation.
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Pipeline Analyzed Diameter Closest Onsite Offsite
Pressure (inches) Approach Length Length
(psig) to Nuclear (miles) (miles)

Envelope
Center (ft)

Transco 1 890 26 2850 3.8 7.25
Tennessee 750 24 3750 2.5 7.4
Gas 1
Tennessee 750 24 3750 2.5 7.4
Gas 2
Tennessee 750 30 3000 2.5 7.4
Gas 3
Tennessee 750 12.75 4000 0 4.7
Gas 4

Natural Gas 900 26 2850 6.7 5.8
Pipeline of
America 1
Natural Gas 900 30 2850 6.7 5.8
Pipeline of
America 2
Kinder 900 30 19400 0 8
Morqan 1
Gulf South 1 900 30 19400 0 8

Frequency Determination

The calculated failure rate for the portion of the pipeline that is on the VCS
property (onsite) differs from that which is off the VCS property (offsite).
Some failures found in the pipeline failure database (SSAR Reference 2.2
43) can be excluded when evaluating the onsite pipeline. For example,
since there are no compressor stations on the VCS property, failures
related to compressor stations are not included when determining the
onsite failure rate, as described on SSAR pg. 2.2-29. Natural gas
transmission pipelines within 5 miles of the VCS site are included in the
analysis (SSAR pg. 2.2-25). When determining the total failure frequency,
the onsite failure rate (failures/pipeline-mile-year) is applied to the length of
pipeline located on the VCS site. The offsite failure rate is applied to the
portion of the pipeline located off of the VCS site. The failure frequencies
from the onsite and offsite portions of the pipeline are summed to give the
total failure frequency for the pipeline. This process is described by SSAR
equations 2.2-3 through 2.2-6 and is further summarized below.

Using the deterministic model (Mathcad FUll) as described in Part 2 above,
many deterministic calculations were performed to determine the
conditional probability of plant damage (CPPD), given a pipeline failure, for
each of the pipelines identified in Table 1. The conditional probability of
plant damage for the onsite and offsite pipeline lengths are defined by
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Equations 2.2-4 and 2.2-5 of the SSAR. Using these conditional
probabilities, the total damage frequency can be determined using SSAR
Equation 2.2-3. The results of the total hazard calculation are provided in
Table 9. A sample calculation for the Transco 1 pipeline, using the data
from Table 9 and the failure rates from SSAR Section 2.2.3.1.2.1 follows.

(SSAR Equation 2.2-3)

F( =(1.92xlO-4 failures/mile)· (3.8 miles)· (6.82xlO-5 damage events/pipeline failure) +

(3.llx10-4 failures/mile)· (7.25 miles)· (4.56xlO-6 damage events/pipeline failure)

F[ = 6.0lxlO-8 damage events/yr

It is noted that the Hartsville SER [Ref. 11] indicated that a 22 inch, 720
psig natural gas pipeline posed no undue threat to the proposed site at a
distance of 2650 ft. Similarly, the Tennessee Gas 1 pipeline results in
Table 9 indicate that a comparable 24 inch, 750 rsig natural gas pipeline
poses only a small risk to the VCS site (2.99x10· events/yr). The
Tennessee Gas 1 pipeline comes within 3137 ft (2237 ft + 900 ft) of the
VCS nuclear envelope.
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Pipeline Onsite Offsite Onsite Offsite Onsite Offsite Total
Length Length CPPD, CPPD, Damage Damage Damage
(miles) (miles) Pfallon (-) Pfailoff (-) Frequency Frequency Frequency

(events/yr) (eventslyr) (events/yr)
Transco 1 6.82x10' 4.56x10'

3.8 7.25 5 6 4.98x10-8 1.03x10·8 6.01x10·8

Tennessee 3.72x10' 5.19x10'
Gas 1 2.5 7.4 5 6 1.79x10·8 1.20x10·8 2.99x10·8

Tennessee 3.72x10' 5.19x10'
Gas 2 2.5 7.4 5 6 1.79x10·8 1.20x10·8 2.99xlO·8

Tennessee 8.51 x1 O' 1.00x10'
Gas 3 2.5 7.4 5 5 4.09x10·8 3.21 x1 0.8 7.30x10·8

Tennessee 6.63x10'
Gas 4 0 4.7 0 6 0 9.69x10·9 9.69x10·9

Natural Gas
Pipeline of 3.19x10'
America 1 6.7 5.8 5 0 4.10x10-8 0 4.1 Ox1 0.8

Natural Gas
Pipeline of 6.71x10' 1.31x10'
America 2 6.7 5.8 5 6 8.63x10·8 2.36x10·9 8.87x10·8

Kinder
MorQan 1 0 8 0 0 0 0 0
Gulf South 1 0 8 0 0 0 0 0
Total 3.32x10"

In the process of responding to this RAI, a unit conversion error was
identified in the Mathcad model. In addition to correcting this error, model
enhancements were made to reflect a more realistic gas release rate
calculation (puff/plume approach, discharge coefficient for pipe break).
The total calculated hazard frequency was slightly reduced from 3.67 x1 0.7

to 3.32x1 0.7 as indicated in Table 9 above. The model changes and the
revised total hazard value are included in the enclosed SSAR markups.
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SSAR Subsection 2.2.2.3.2 will be revised in a future revision as indicated below:

2.2.2.3.2 Chemical Pipelines

Citgo Products Pipeline Company

Citgo Products Pipeline Company operates a pipeline that transports refined products
(gasoline and diesel fuel) (Reference 2.2-5). The Casa Pipeline System-Nueces
Station to Victoria Station pipeline at its closest approach is approximately 3.1 miles
northeast of the VCS power block area (Figure 2.2-2). The pipeline is a steel line that
ranges from 8 to 10 inches in diameter, operates at a maximum pressure of 625 psig,
and is buried at an average depth of 2.5 feet.

Due to the ImY vapor pressure of diesel fuel, the transport of diesel fuel in this pipeline is
screened frem further analysis. The analysis of the gasoline transported in the Citgo
Products Pipeline is bounded by the road transportation analysis of gasolino. Throe
identified transportation scenarios involve the above ground release of gasoline within 5
miles of the VCg site (a postulated above greund release allows for the formation of a
vapor cloud), (1) the transport of gasoline along the Victoria Barge Canal located
approximately 4.9 miles from the '1Cg power block area, (2) the transport of gasoline
along the Union Pacific Railway loeated apprQ)(imately :3.8 miles frem the VCg power
block area, and (:3) the transport of gasoline along U.s. Highway 77 located
approximately 0.56 miles from the VCS power block area (typical vessel quantities for
waterway, railway and highway transport are 10 million, 1:32,000 and 60,000 pounds,
respectively) .

Like·....ise, when considering if an explosion analysis is warranted for this pipeline,
because of the proximity ef this pipeline to the pOll/or block area (:3.1 miles at its closest
approach) and the heat of combustion for gasoline (18,720 Btu/lb) compared with
methane (21,617 Btu/lb) (Reference 2.2 :39), the analyzed natural gas transmission
pipeline scenarios present a bounding analysis for the explosion accidont category.

United Brine Pipeline Co., LLC

The United Brine Pipeline Co., LLC operates a pipeline that transports
ethylene/cyclohexane. The Ingleside to Bloomington System at its closest approach is
approximately 4.5 miles from the VCS power block area. (Figure 2.2-4) (Reference 2.2
5) The pipeline is 4.5 inches in diameter.

Potential m~plosive hazards from the ethylene/cyclohexane pipeline operated by the
United Brine Pipeline Co., LLC are bounded by the analysis of the natural gas
transmission pipelines due to the proximity to the power block area, size of this pipeline
(4.5 inches), and heats of combustions of ethylene (20,290 Btu/lb) and cyclohexane
(18,684 Btu/lb) (Reference 2.2 :39).
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The last paragraph of SSAR Subsection 2.2.3.1.1 will be revised in a future revision as
indicated below:

RG 1.91 presents a special case for hydrocarbons liquefied under pressure. RG 1.91
states that it is conservative to use a TNT mass equivalent (W) in Equation 2.2-1 equal
to 2.4 times the cargo mass.

The hazardous materials potentially transported by pipeline (Table 2.2-6a), the Victoria
Barge Canal (Table 2.2-7), U.S. Highway 77 (Table 2.2-8), and the Union Pacific
Railway (Table 2.2-9), are evaluated to ascertain whether they have the potential to
explode. The effects of these explosion events from both internal and external sources
are summarized in Table 2.2-10, and are described in the following subsections relative
to the release source.

Paragraph 1 will be revised and a new paragraph 2 will be inserted in SSAR Subsection
2.2.3.1.1.1 in a future revision as indicated below:

2.2.3.1.1.1 Pipelines

There are several natural gas transmission and two chemical pipelines within the vicinity
of the VCS site. Table 2.2-6a details the hazardous materials potentially transported in
the identified pipelines. The hazardous materials potentially transported in the pipelines
that are identified for further analysis with regard to explosion (immediate detonation)
potential are: ethylene and natural gas.

An analysis is performed for the transport of ethylene in the United Brine pipeline using
the TNT mass eguivalency methodologies as described in Subsection 2.2.3.1.1. The
results indicate that the safe distance is less than the minimum separation distance from
the VCS power block area to a potential break point in the United Brine pipeline (Table
2.2-10). The maximum guantity of vapor conservatively assumed to be available for
detonation is the mass of vapor contained within the length of the pipeline.

As described in Subsection 2.2.2.3.1, three of these natural gas transmission pipelines
will be relocated. Following the proposed rerouting of these natural gas transmission
pipelines, the closest approach from the nearest natural gas transmission pipeline to the
edge of the power block area will be approximately 2237 feet.

Paragraph 1 will be revised and a new paragraph 2 will be inserted in SSAR Subsection
2.2.3.1.2.1 in a future revision as indicated below:

2.2.3.1.2.1 Pipelines

There are several natural gas transmission and two chemical I2.iQglines within 5 miles,
both onsite and offsite, that could pose a hazard to the VCS site with respect to
flammable vapor clouds (see Table 2.2-6). Table 2.2-6a details the hazardous materials
potentially transported in the identified pipelines. The hazardous materials potentially
transported in the pipelines that are identified for further analysis with regard to
flammable/explosive vapor clouds (delayed ignition) potential are: cyclohexane.
ethylene. gasoline. and natural gas.
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An analysis is performed for the transport of cyclohexane, ethylene, in the United Brine
pipeline and gasoline in the Citgo Products pipeline using the ALOHA model as
described in Subsection 2.2.3.1.2. Because the chemical pipelines are located offsite
and require traveling of the formed vapor cloud. a meteorological sensitivity analysis
and, where indicated, multiple release scenarios are performed to ensure the worst case
scenario was captured. The results indicate that the safe distances are less than the
minimum separation distance from the VCS power block area to a potential break point
in the United Brine and Citgo Products pipelines (Table 2.2-11). Therefore, flammable
and explosive vapor clouds from hazardous materials transported in the United Brine
and Citgo Products pipelines will not adversely affect the safe operation or shutdown of
units located at the VCS site.

These natural gas pipelines could, under a very unlikely set of worst-case conditions,
lead to an unacceptable condition at the VCS site. Three of these natural gas
transmission pipelines will be relocated. Following the proposed rerouting of these
natural gas transmission pipelines, the closest approach from the nearest natural gas
transmission pipeline to the edge of the power block area will be approximately 2237
feet. Deterministic analyses were performed and concluded that a large rupture of any of
these pipelines combined with unfavorable meteorological conditions could lead to
unacceptable flammable vapor concentrations.

A new reference will be inserted in SSAR Subsection 2.2.4 in a future revision as
indicated below:

2.2-68 U.S. Environmental Protection Agency, Risk Management Program Guidance for
Offsite Conseguence Analysis. March 2009.

Revisions will be made to the following Tables in SSAR Section 2.2 in a future revision:

• A new Table, Table 2.2-6a, will be added.
• Following the last rows in Tables 2.2-10 and 2.2-11, a new row will be added

for ease of review, the table header and last row are included in the markup.
(Note the quantity denoted in the subsequent tables represents the storage
quantity and the not the quantity evaporated as shown in Table 1 of the
response.)
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Material Toxicitv Limit IIDLH\ Flammabilitv Exolosion Hazard? Vaoor Pressure Disoosition
Citao Products Pioeline Comoanv
Diesel Fuel None established 1.3-6.0% Vapor may explode 0.057psi@80°F No further analrcsis required-low

vaoor oressure aj

Gasoline 300 ppm\OJ 1.4-7.4% Vapor may explode 9.18 psia Toxicity Analysis at Time of COL
Flammability Anal~sis

Explosive Analvsis G)

United Brine Co. LLC
Cyclohexane 1300 ppm 1.33-8.35% Vapor may explode 1.978 psi @80°F Toxicity Analysis at Time of COL

Flammability Analvsis
Explosive Analvsis(Gl

Ethylene None established 2.3 -32.3% Vapor may explode 65.099 psi @- Flammability Analysis
100°F Explosive Analvsis

(a) Chemicals with vapor pressures less than 10 torr. 0,193 psi. or solids were not considered for toxicity or flammable vapor cloud analysis. Chemicals at this low vapor pressure are not very volatile.
(b) Threshold Limit ValuefTime Weighted Average ITLV-TWA)
(c) Due to the geometrv of a pipeline (very long and narrow), the only scenario in which a rupture would permit immediate detonation of the chemical is if the mass in the pipeline was in the vapor state

between the LFL and UFL (i.e" partial or no Iiguid flow) and the pipeline ruptured along its entire length. Such an event is not a plausible scenario; therefore. a source explosion (immediate
detonation) for atmospheric liquid pipelines is not considered a credible event.

Sources: References 2.2-5. 2.2-8.2.2-9. 2.2-39. 2.2-50.
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uesl :In-ljaSIS t:vents-t:xploslons!
Distance for

Distance to Explosion to have
Heat of Equivalent Power Block less than 1 psi of

Quantity Combustion TNT Mass Area Boundary Peak Incident
Source Material Evaluated (Ibm) (Btullb) (Ibm) (feet) Pressure (feet)

Natural Gas Natural Gas (methane)\aJ

At leastTransmission
(a) (a) (a) (a)

Pioelines 2,237

Chemical Pipelines Ethylene 827,800(b) 20,290 8.4xl06 23,760 9,148

(b) Mass of vapor contained within the length of the pipeline (64 miles) at 75°F (Reference 2.2·5)

ITable 2.2-11 (Sheet 2 of 2)
DesiQn-Basis Events-Flammable Vapor Clouds (Delayed lQnition) and Vapor Cloud EXPlosions

Distance to
Power Block

Release Quantity Puddle Area Area Boundary Distance Distance to
Source Material Evaluated Model (Ibm) (m2

) (feet) to LFL(f) 1-psi (ft)
Natural Gas Natural Gas (methane)IO) 101 \0/ Not Applicable At least 2,237 (a) \0/

Transmission Pipelines

Chemical Pipelines Cyclohexane Puddle/Direct(f) 1.9 x 106(9) 105,700 m2 ill 2,631 6,336

Ethylene Direct Release
over 10 8,3 x 105(h) Not Applicable 23,760 16,368 19,008
minutes

Gasoline (as n-Heptanel Puddle/Direct(l) 3,2 x 107(k) 2,124,900 m2 ill 10,032 21,120

(f) The entire pipeline volume was released into a 1 cm thick puddle and the evaporation rate was calculated following U.S. EPA guidance (Reference 2.2·68). The evaporation rate was then
entered into ALOHA as a direct release occurring over 60 minutes. The virtual point source approximation method-a pseudo point source that diffuses upwind of the actual release location

such that crosswind and vertical dimensions from the point source plume approximate the size of the volume source at the actual release location from RG 1.194, was used to properlv account
for the liquid puddle release.
(9) Mass of liquid at 75°F contained within the length of the pipeline (64 miles) (Reference 2.2·5).
(hI Mass of vapor at 75°F contained within the length of the pipeline (64 miles) (Reference 2.2·5).
(i) The distance to the power block area includes the virtual point source approximation method described in footnote f. The distance to the power block area is 31,916 It (includes virtual point
approximation distance for the LFL analysis) and 25,587 It (includes virtual point approximation distance for the vapor cloud explosion analysis).
m The distance to the power block area includes the virtual point source approximation method described in footnote f. The distance to the power block area is 60,341 It (includes virtual point
approximation distance for the LFL analysis) and 29,232 It (includes virtual point approximation distance for the vapor cloud explosion analysis).
(k) Mass of liqUid contained Within the length of the pipeline (248 miles) (Reference 2.2'5),
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SSAR Subsection 2.2.3 will be revised in a future revision as indicated below:

2.2.3.1.1.1 Pipelines

There are several natural gas transmission and two chemical pipelines within the vicinity
of the VCS site. Table 2.2-6a details the hazardous materials potentially transported in
the identified pipelines. The hazardous materials potentially transported in the pipelines
that are identified for further analysis with regard to explosion (immediate detonation)
potential are: ethylene and natural gas.

An analysis is performed for the transport of ethylene in the United Brine pipeline using
the TNT mass eguivalency methodologies as described in Subsection 2.2.3.1.1. The
results indicate that the safe distance is less than the minimum separation distance from
the VCS power block area to a potential break point in the United Brine pipeline (Table
2.2-10). The maximum quantity of vapor conservatively assumed to be available for
detonation is the mass of vapor contained within the lenqth of the pipeline.

As described in Subsection 2.2.2.3.1, three of these natural gas transmission pipelines
will be relocated. Following the proposed rerouting of these natural gas transmission
pipelines, the closest approach from the nearest natural gas transmission pipeline to the
edge of the power block area will be approximately 2237 feet.

A natural gas pipeline explosion occurring in the vicinity of the release point would be
unconfined. A damaging detonation from an unconfined natural gas release is not
credible according to the NRC Safety Evaluation Report for HartsvilleHartsfield Nuclear
Power Plant (NUREG-0014). However, ignition of a natural gas release near the release
point could result in a less damaging deflagration explosion and jet fire.

The computer program Areal Locations of the Hazardous Atmospheres (ALOHA)
(Reference 2.2-39) is used to demonstrate that unconfined natural gas deflagrations
would not produce an overpressure on VCS safety-related structures greater than 1 psi.
RG 1.91 indicates that 1 psi is an acceptable explosion overpressure for safety-related
structures. The explosion modeled uses the maximum mass of natural gas (modeled as
methane) released in the flammable vapor cloud analysis described in Subsection
2.2.3.1.2.1. The ALOHA results conclude that the overpressure near the release point
from a deflagration of natural gas would not exceed 1 psi. Therefore, unconfined natural
gas explosions would not adversely affect the safe operation or shutdown of units at the
VCS site.
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2.2.3.1.2.1 Pipelines

There are several natural gas transmission and two chemical ~lines within 5 miles,
both onsite and offsite, that could pose a hazard to the VCS site with respect to
flammable vapor clouds (see Table 2.2-6). Table 2.2-6a details the hazardous materials
potentially transported in the identified pipelines. The hazardous materials potentially
transported in the pipelines that are identified for further analysis with regard to
flammable/explosive vapor clouds (delayed ignition) potential are: cyclohexane,
ethylene, gasoline, and natural gas.

An analysis is performed for the transport of cyclohexane, ethylene. in the United Brine
pipeline and gasoline in the Citgo Products pipeline using the ALOHA model as
described in Subsection 2.2.3.1.2. Because the chemical pipelines are located offsite
and reguire traveling of the formed vapor cloud, a meteorological sensitivity analysis
and, where indicated. multiple release scenarios are performed to ensure the worst case
scenario was captured. The results indicate that the safe distances are less than the
minimum separation distance from the VCS power block area to a potential break point
in the United Brine and Citgo Products pipelines (Table 2.2-11). Therefore, flammable
and explosive vapor clouds from hazardous materials transported in the United Brine
and Citgo Products pipelines will not adversely affect the safe operation or shutdown of
units located at the VCS site.

These natural gas pipelines could, under a very unlikely set of worst-case conditions,
lead to an unacceptable condition at the VCS site. Three of these natural gas
transmission pipelines will be relocated. Following the proposed rerouting of these
natural gas transmission pipelines, the closest approach from the nearest natural gas
transmission pipeline to the edge of the power block area will be approximately 2237
feet. Deterministic analyses were performed and concluded that a large rupture of any of
these pipelines combined with unfavorable meteorological conditions could lead to
unacceptable flammable vapor concentrations.

To demonstrate the acceptability of the natural gas pipelines, a probabilistic approach is
used to show that the frequency of an unacceptable result is sufficiently low. Each of the
gas lines is analyzed using a probabilistic approach consistent with RG 1.91 and RG
1.78. Gas transmission lines further than 5 miles from the site are not investigated. For
the analysis, the hazard frequency is defined as the frequency (events per year) of
pipeline failures which result in various specified conditions-e.g., an explosive gas
concentration greater than the Lower Explosive Limit (LEL) below an elevation of 160
feet and within the power block area, or an explosive overpressure greater than 1 psi at
the power block area boundary. The 160 foot elevation is based on the limiting (highest)
main control room intake height from the plant parameter envelope of 65 feet above
grade, which is at an elevation of approximately 95 feet NAVD 88.

The hazard frequency for each pipeline is computed utilizing a Monte Carlo simulation in
which many deterministic calculations are performed for each pipeline with randomly
sampled sets of input data. The deterministic hand calculations and Monte Carlo
simulation methodologies are implemented using Mathcad (Reference 2.2-69). Input
data distributions for the set of deterministic plant hazard calculations are developed for
the ambient air temperature, the Pasquill stability class, the wind speed, the wind
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direction, the break size, and the break location. The distributions for the ambient
conditions (air and wind parameters) are based on the plant-specific data.

The distribution for the break size is based on data from January 2002 to July 2009 from
the U.S. Department of Transportation Pipeline and Hazardous Materials Safety
Administration Office of Pipeline Safety (Reference 2.2-43). The data indicates that the
size of approximately 60 percent of the pipeline breaks is less than 20 percent of the
pipe diameter, while approximately 25 percent of pipeline breaks are complete ruptures
(100 percent of the pipe diameter). A uniform distribution is used for the location of each
break; Le., the pipeline break location is equally probable in all locations within 5 miles of
the VCS site.

The gas release due to a break is modeled as beth a puff and plume, consistont ·....ith RG
1.7B and NUREG 0570. Tho mass ef gas releasod is determined based on tho pipo size,
the break size, the gas pressure, and tho gas temperature. For tho initial puff release,
the flow rate out of the break is modeled as choked flow through a truncated nozzle with
a consorvative discharge coefficient of 1.0. After the initial release, the steady state
plume release is computod based on Fanno flow and the upstream pipelino pressure
(takon as the maximum allowable pipeline pressure), assuming a complete double
ended pipe break. F4owever, for small pipoline breaks in which the pipeline is not
sompletely ruptured, the Fanno flow computation could result in a larger flow rate than
for ehoked flow; in this case, the choked fIO\\' value is used for both the puff and pluFflo
release.

Jet entrainment of ambient air is eredited for the plume release near the break when the
break area is large, using the methodology in Reference 2.2 44. Entrainment mixing is
basod on an equivalont nezzlo area, the gas velocity, and the gas density following
expansion to ambient conditions. Entrainment is not credited for small breaks sinse there
may not bo sufficient momentum to create a crater, and therefore air ontrainment would
bo impeded. Similarly, air entrainment is not credited for the puff release due to the
presence of ground over the pipeline initially.

The Gaussian diffusien model is used fer beth the puff and plume portions of the release
in accordanco with NUREG 0570 and NUREG/CR 6624. The gas consentration at the
point of interest is based on the puff and plume centerline soncentrations, tho mass of
gas released (for a puff), the sontinuous source strength (for a plume), the "'.'ind speed,
tho Pasquill dispersion Goeffisients, the distance from the target, tho distance from the
puff or plume senterline, and tho elevation of the targot. The concentration of gas as it
disperses is limited to tho minimum concentratien predisted by the dispersion model or
the density of gas at ambient conditions. As tho puff and plume move away from the
break 10Gation due to wind, dispersion ocsurs, thus reducing the gas concentration along
the puff and plume centerlines. F4o·....ever. per NUREGICR 2260, the gas cOAsentrations
at low wind speeds are otten much less than those predictod with the Pasquill dispersion
coofficients due to the horizontal spreading of the plume as it meanders over a large
area. To account for this, a meandor factor is utilized in accordanse with RG 1.145. In
addition, buoyanGy driven puff and plume rise is accounted for in tho dispersion analysis
using the guidanoe in RoferenGe 2.2 44.
The gas release due to a break is modeled in two phases. consistent with RG 1.78 and
NUREG-0570. The mass of gas released is determined based on the pipe size, the
break size. the gas pressure, and the gas temperature. For the initial blowdown phase of
the release. the flow rate out of the break is modeled as choked flow through a truncated
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nozzle. After the initial release, the steady state plume release is computed based on
Fanno flow and the upstream pipeline pressure (taken as the maximum allowable
pipeline pressure). For full pipeline ruptures, a double ended pipe break is modeled to
conservatively maximize break flow. For large pipe breaks (greater than 60% of the pipe
diameter) a conservative discharge coefficient of 1.0 is assumed. For small pipe breaks
(less than or equal to 60% of the pipe diameter) a discharge coefficient of 0.82 is
justified and used. For small pipeline breaks in which the pipeline is not completely
ruptured, the Fanno flow computation could result in a larger flow rate than for choked
flow; in this case, the choked flow value is used for both the initial and steady-state
releases.

Jet entrainment of ambient air is credited for the release when the break area is large.
using the methodology in Reference 2.2-44. Entrainment mixing is based on an
eguivalent nozzle area, the gas velocity. and the gas density following expansion to
ambient conditions. Entrainment is not credited for small breaks since there may not be
sufficient momentum to expose the pipe. and therefore air entrainment would be
impeded.

The Gaussian diffusion model is used for both the initial blowdown and steady-state
portions of the release in accordance with NUREG-0570 and NUREG/CR-6624. The
gas concentration at the point of interest is based on the centerline concentration. the
continuous source strength, the wind speed. the Pasquill dispersion coefficients. the
distance from the target the distance from the centerline. and the elevation of the target.
The concentration of gas as it disperses is limited to the minimum concentration
predicted by the dispersion model or the density of gas at ambient conditions. As the gas
moves away from the break location due to wind. dispersion occurs. thus reducing the
gas concentration along the plume centerline. However, per NUREG/CR-2260, the gas
concentrations at low wind speeds are often much less than those predicted with the
Pasguill dispersion coefficients due to the horizontal spreading of the plume as it
meanders over a large area. To account for this, a meander factor is utilized in
accordance with RG 1.145. In addition. buoyancy driven plume rise is accounted for in
the dispersion analysis using the guidance in Reference 2.2-44. Temperature gradients
as a function of elevation are accounted for using RG 1.23 and Reference 2.2-45. For
pipeline breaks in which the wind direction is towards the VCS site, the gas
concentration at the power block area boundary taken at the intake elevation is
determined. The maximum intake elevation is used since it yields the highest
concentration for a buoyant natural gas cloud. If the concentration at the intake is below
the LEL, the hazard due to both explosion and asphyxiation is acceptable. If the
concentration is above the LEL, both ignition and detonation are assumed, and the
hazard for this case is unacceptable. If the wind direction is away from the VCS site, the
gas concentration at the intake is zero.

For all pipeline breaks, the distance that the gas plume travels prior to reaching the LEL
is determined using the dispersion analysis. Ignition of a natural gas plume can occur
anywhere between the pipeline break and the point at which the LEL is reached. The
probability of ignition is a function of the total mass of gas released (Reference 2.2-46).
The mass of the gas in the plume is the total integrated mass release over the period
from the break to the ignition. The ignition time is typically between one and five minutes
per Reference 2.2-42.
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In the explosion analysis, longer ignition delay times are modeled for many releases
since this approach leads to larger quantities of gas released and therefore more
significant explosions. A longer ignition delay time also allows the gas cloud to travel to a
location nearer to the VCS site. If an ignition occurs when the explosion point is in the
vicinity of plant buildings and structures which could provide confinement or semi
confinement, a detonation is assumed to occur. The region where this is assumed to
occur is defined by a cylindrical zone centered at the center of the power block area with
a height equal to the determined bounding elevation of an assumed plant structure. For
ignitions which occur when the plume is in an unconfined space, e.g., above the tallest
plant structure, the probability of a damaging detonation is not credible according to the
NRC Safety Evaluation Report for HartsvilleHartsfield Nuclear Power Plant (NUREG
0014). Explosions are modeled as occurring at the nearest approach of the gas cloud
centerline to the plant at the time of ignition.

RG 1.91 indicates that 1 psi is an acceptable explosion overpressure for safety-related
structures. To determine if the overpressure is acceptable for a given explosion, the
standoff/safe distance for a 1 psi overpressure is calculated in accordance with the RG
1.91 method. The standoff distance is the distance from the explosion beyond which
"adverse effects on plant operations" are not likely to occur. If the distance between the
explosion point and the power block area is greater than the standoff distance, then the
hazard due to an explosion is acceptable for safety-related plant structures within the
power block area.

For each deterministic analysis, the result is either acceptable or a failure based on the
gas concentration at the power block area boundary at an elevation of 160 feet, or the
overpressure experienced by safety-related plant structures due to an explosion. The
total number of unacceptable results (failures) relative to the total number of scenarios
investigated yields the probability of a hazardous condition at the plant, given that a
pipeline failure has occurred. This probability, combined with the gas pipeline failure rate
(failures per pipeline-mile-year) and length of a given pipeline, results in the hazard
frequency due to a given pipeline in events per year, as shown below.

Equation 2.2-3

Where:

FN Hazard frequency due to pipeline N (events per year)

...1.011 Onsite gas pipeline failure rate (failures/pipeline-mile-year)

A
off

Offsite gas pipeline failure rate (failures/pipeline-mile-year)

LOIIN Length of onsite portion of pipeline N (miles)

LOffN Length of offsite portion of pipeline N (miles)

P/oilO1IN Probability of plant hazard given an onsite pipeline failure of pipe N (-)

Pfi '/'" Probability of plant hazard given an offsite pipeline failure of pipe N (-)
m 0JJN
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Equations 2.2-4 and 2.2-5

Where:

Nfl 'I Number of deterministic calculations that result in an unacceptable result for the
Of D1lN

onsite portion of pipeline N (-)

N calcallN Number of deterministic calculations performed in the Monte Carlo simulation

for the onsite portion of pipeline N

N JaiioffN Number of deterministic calculations that result in an unacceptable result for the

offsite portion of pipeline N (-)

NcOICOffN Number of deterministic calculations performed in the Monte Carlo simulation

for the offsite portion of pipeline N

The total hazard frequency for all pipelines within 5 miles of the VCS site is then the sum
of the individual pipeline hazard frequencies.

N pipa

F,oral = LFN
N=l

Equation 2.2-6

The gas pipeline failure rate is based on data from the Office of Pipeline Safety
(Reference 2.2-43). Two failure rates are determined, one for onsite pipeline and
another for offsite pipeline. Both failure rates are based on the total onshore gas
transmission pipeline mile-years of 2,234,920 from January 2002 through July 2009.
To determine the failure rates, the accident reports are first screened to remove non
relevant failures.

The total number of accidents reported from 2002 to 2009 is 978. The folloWing failures
are screened from the analysis:

• Failures of offshore pipeline are removed for onsite and offsite pipeline.

• Failures due to excavation (excavation assumed to be prohibited), vandalism (owner
controlled area), vehicles not related to excavation (onsite pipe is buried), and high
winds (onsite pipe is buried) are also screened out for onsite pipeline.

• Failures that occurred at a compressor station are removed for the onsite failure rate
calculation since there are no natural gas compressor stations onsite.

The screening resulted in 429 relevant failures for onsite pipeline and 695 relevant
failures for offsite pipeline. Combining the number of failures with the total onshore gas
transmission pipeline mile-years results in an onsite pipeline failure rate of 1.92 x 10'4
and an offsite pipeline failure rate of 3.11 x 10-4 failures per pipeline-mile-year.
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The results of the analysis described above indicate that the total hazard frequency due
to the natural gas pipelines in the vicinity of the VCS site is 3.323:e7x10·7 events/year.
This is less than the 10.6 acceptance criterion presented in RG 1.206 which cites that a
10.6 rate of occurrence is acceptable if reasonable qualitative arguments can be made
which show the realistic probability is lower. However, the analysis will be revised at the
COL stage to address the actual site layout in any cases where the assumptions for this
probabilistic evaluation are not bounded. Based on the potential effects of a vapor cloud
explosion and heat flux on structures positioned above the pipeline, the natural gas
transmission pipelines that may produce such effects will be rerouted such that a safe
distance from the VCS site is achieved as demonstrated by the pipeline hazard
probabilistic analysis. The final pipeline routing is acceptable provided the total hazard
frequency due to natural gas pipelines in the vicinity of the VCS site remains below 10.6

events/year.

A new reference will be inserted in SSAR Subsection 2.2.4 in a future revision as
indicated below:

2.2.4 References

2.2-67 U.S. Environmental Protection Agency, Chemical Emergency Preparedness and
Prevention Office, James C. Belke, Chemical accident risks in U.S. industry-A
preliminary analysis of accident risk data from U.S. hazardous chemical facilities,
September 2S, 2000.

2.2-68 U.S. Environmental Protection Agency. Risk Management Program Guidance for
Offsite Conseguence Analvsis. March 2009.

2.2-69 Mathcad. Version 14.0 M03S, Parametric Technology Corporation.
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(Exelon Letter to USNRC, NP-12-0005, dated March 16,2012)

The following table identifies commitments made in this document. (Any other actions
discussed in the submittal represent intended or planned actions. They are described to
the NRC for the NRC's information and are not regulatory commitments.)

COMMITMENT TYPE
COMMITIED

COMMITMENT
DATE ONE-TIME ACTION Programmatic

(Yes/No) (Yes/No)

Exelon will revise the VCS ESPA Revision 2 of Yes No
SSAR Subsections 2.2.2 and 2.2.3 the ESPA SSAR
to incorporate the changes shown planned for no
in the enclosed response to the later than
following NRC RAI: March 31, 2013

02.02.03-2 (Attachment 1)


