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June 05, 2009

ATTN: Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, DC 20555-0001

BELL BEND NUCLEAR POWER PLANT
RESPONSE TO RAI SET NO. 2
BNP-2009-096 Docket No. 52-039

References: 1) M. Canova (NRC) to R. Sgarro (PPL Bell Bend, LLC), Bell Bend COLA -
Request for Information No. 2 (RAI No. 2) - RSAC-2425, email dated May 7,
2009

The purpose of this letter is to respond to the request for additional information (RAI) identified
in the NRC e-mail correspondence to PPL Bell Bend, LLC, dated May 7, 2009 (Reference 1).
This RAI addresses siting and accident consequence questions related to the text submitted in
the Final Safety Analysis Report (FSAR) of the Bell Bend Nuclear Power Plant Combined
License Application (COLA).

This letter provides our responses to RAI No. 2, Questions 02.02.03-1 through 02.02.03-7,
which includes revised COLA content. The responses to the individual questions are provided
in Enclosure 1. Enclosure 2 provides the marked-up pages of the relevant FSAR Section. It is
noted that the information included in Enclosure 2 provides changes in addition to the specific
responses to the RAI questions. The information provided in Enclosure 2 incorporates both the
responses to the appropriate RAI questions and revised technical input. The presentation of
this information in this manner has been discussed with the NRC Project Manager. A Licensing
Basis Document Change Request has been initiated to incorporate this change in a future
revision of the COLA. This future revision of the COLA is the only new regulatory commitment.

If you have any questions, please contact the undersigned at 570-802-8102.

I declare under penalty of perjury that the foregoing is true and correct.

Executed on June 05, 2009

Respectfully,

Rocco R. Sgarro

Enclosures: As stated
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cc: Mr. Samuel J. Collins
Regional Administrator
U.S. Nuclear Regulatory Commission
Region I
475 Allendale Road
King of Prussia, PA 19406-1415

Mr. Michael Canova
Project Manager
U.S. Nuclear Regulatory Commission
11555 Rockville Pike
Rockville, MD 20852
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Enclosure 1

Responses to NRC Request for Additional Information Set No. 2
Bell Bend Nuclear Power Plant



Question 02.02.03-1

RG 1.206 provides guidance regarding the information that is needed to ensure potential hazards in the
site vicinity are identified and evaluated to meet the siting criteria in 10 CFR 100.20 and 10 CFR 100.21.
BBNPP EPR COL FSAR Section 2.2.3.1.1 addresses explosions. The methodology is briefly addressed.
The results provided in Table 2.2-8 for gasoline and acetylene explosions along U.S. Route 11 do not
match with Staff's independent confirmatory calculation results obtained by following the addressed
methodology. Please state the correct units for the amounts used in the analysis (e.g,, gallons instead of
pounds). The staff found similar discrepancies in the results for all other chemicals considered. Please
either provide calculations with respect to hazards from all chemicals or state the location at which the
calculation package is available for staff audit. Please revise the Tables 2.2-8 and 2.2-9 to also include
the results for Ammonium Hydroxide.

Response

1. The results provided in Table 2.2-8for gasoline and acetylene explosions along U.S. Route 11 do not
match with Staff's independent confirmatory calculation results obtained by following the addressed
methodology.

The following provides a discussion of the analytical techniques used for evaluating the gasoline and
acetylene explosions along U.S. Route 11:
The gasoline and acetylene explosions are analyzed using two methods: Equation I on page 2 of
Regulatory Guide 1.91 and Equation 5.1 of NUREG/CR-2462. Regulatory Guide 1.91 uses TNT
equivalence, where the mass of chemical vapor that is exploded is converted into an equivalent mass of
TNT. The upper bound of energy released for a vapor cloud detonation of a hydrocarbon gives a mass
equivalence factor of 240%. This means that the mass of TNT that is considered to be exploded is 240%
of the mass of the hydrocarbon chemical vapor in the postulated explosion. The standoff distance for a I
psid overpressure is calculated using the equation below.

R = kWY (Eq. 1-1)

Where R - Distance to the specified psid overpressure (ft)
k - Overpressure coefficient, 45 for a 1 psid overpressure (Regulatory Guide 1.91) (ft/lb "3 )
W - Equivalent weight of TNT - 2.4 x mass of hydrocarbon (lb)

NUREG/CR-2462 also uses TNT equivalence; however the equivalent mass of TNT is calculated using a
different method. In NUREG/CR-2462 the standoff distance is defined as follows:

(I3
d, = f• T

N
T
y (Eq. 1-2)

Pý

Where: ds - Standoff distance (ft)
f• - Permissible ductility factor
ps - Static wall capacity (psid), set to 1 psid
WTNTy- TNT equivalent yield (lbm)

WTNTy = 2 m r1.07

mf- Mass of chemical (lbm)



NUREG/CR-2462 recommends a ýt of 3.0, which corresponds to an f, of 54.

The standoff distance for gasoline was analyzed using both Equations 1-1 and 1-2. Conservatively, the
entire mass of gasoline, 80,000 pounds, was used as the mass of chemical vapor. The Regulatory Guide
1.91 equation results in a standoff distance of 0.49 miles:
45. (240% .80,000)y3 = 2,596ft = 0.49mi

The NUREG/CR-2462 equation results in a standoff distance of 0.72 miles:

54 2 80,000 = 3,815ft = 0.72mi

Because the NUREG/CR-2462 standoff distance is greater, it is more conservative. Therefore, 0.72 miles
is used as the standoff distance for the truck carrying 80,000 pounds of gasoline.

The standoff distance for acetylene was also analyzed using both Equations 1-1 and 1-2. Conservatively,
the entire mass of acetylene, 16,000 pounds, was used. The Regulatory Guide 1.91 equation results in a
standoff distance of 0.29 miles:

45 . (240%. 16,000)Y3 = 1,518ft = 0.29mi

The NUREG/CR-2462 equation results in a standoff distance of 0.41 miles:

54 2 16,000 = 2,149ft = 0.41mi

Because the NUREG/CR-2462 standoff distance is greater, it is more conservative. Therefore, 0.41 miles
is used as the standoff distance for the truck carrying 16,000 pounds of acetylene.

For both of these cases, the results from the equation in NUREG/CR-2462 were more conservative.
Therefore, these values were reported in Table 2.2-8.

2. Please state the correct units for the amounts used in the analysis (e.g., gallons instead of pounds).

Several off-site and on-site chemicals are transported or stored as liquids. The amount of these off-site
and on-site chemicals is often reported as the volume of the tank that the chemicals are stored in.
However, in a confined explosion, the vapors of the chemical explode, as opposed to the liquid.
Therefore, the tank is conservatively assumed to be filled with chemical vapor. For this analysis, the mass
(as a vapor) of the assumed volume is conservatively used.
For example, there is an on-site tank containing 125,000 gallons of diesel. The vapor density of diesel is
0.4379 lb/ft3. The total mass of diesel vapor is therefore:

ft3  0.43791b
125,000galx x × = 7,3181bs

7.48gal ft3

A mass of 7,318 pounds was used in the analysis to determine the safe standoff distance for diesel fuel.
This method for detenrmining the explosive mass of a chemical is also used for on-site gasoline as well;



the 4,000 gallon tank of gasoline, having a vapor density of 0.2919 lb/fi3 , contains a maximum 156
pounds of gasoline vapor.

The column heading in Table 2.2-2 is "Largest Container Amount." The units of gallons are carried
through the rest of the COLA in order to track more specifically which instance of which chemical is
being analyzed.

3. Please either provide calculations with respect to hazards from all chemicals or state the location at
which the calculation package is available for staff audit.

The location at which the calculation package is available for staff audit is the PPL Nuclear Development,
LLC office, located at 38 Bomboy Lane, Berwick, PA.

4. Please revise the Tables 2.2-8 and 2.2-9 to also include the results for Ammonium Hydroxide.

The FSAR 2.2 text has been revised to remove the flammability and explosive discussion for ammonium
hydroxide. A 28% ammonium hydroxide solution is non flammable and will not explode according to the
Material Safety Data Sheet (MSDS) for 28% ammonium hydroxide. Therefore, these Tables will not be
revised.

COLA Impact

As described in the RAI response cover letter, FSAR Section 2.2 has been significantly revised to provide
additions and corrections to text and tables. These corrections and additions are a result of responses to
this set of RAIs and revised technical input. Enclosure 2 to this letter provides the revisions to FSAR 2.2
and changes are identified with text strike-outs.



Question 02.02.03-2

RG 1.206 provides guidance regarding the information that is needed to ensure potential hazards in the
site vicinity are identified and evaluated to meet the siting criteria in 10 CFR 100.20 and 10 CFR 100.21.
BBNPP EPR COL FSAR Section 2.2.3.1.1 addresses explosions. It appears that, as applied in the
ALOHA model, chemicals in liquid form such as gasoline and dimethylamine are modeled as direct
release. Please clarify. If ALOHA modeling used a puddle scenario, please provide the ALOHA inputs.
Explain why hydrazine (35% solution) is not evaluated as a potential flammable vapor cloud and included
in Table 2.2-9. Please clarify.

Response

1. BBNPP EPR COL FSAR Section 2.2.3.1.1 addresses explosions. It appears that, as applied in the
ALOHA model, chemicals in liquid form such as gasoline and dimethylamine are modeled as direct
release. Please clarify. If ALOHA modeling used a puddle scenario, please provide the ALOHA inputs.

Response-

Section 2.2.3.1.1 of the COLA addresses stationary confined explosions. Section 2.2.3.1.2 addresses
flammable vapor clouds and flammable vapor cloud explosions. None of the chemical releases modeled
in ALOHA for a vapor cloud explosion use a puddle release. Direct releases are bounding scenarios since
the entire contents of the tank are instantaneously released as a gas. In general, if the results are
-acceptable when a direct release is used, then the direct release result is reported. If the results are not
acceptable, then a more refined method is used. Below is a table showing the type of release modeled for
each chemical.

Location of Chemical Chemical Release Type Modeled
SSES Hydrogen Plume (not modeled in

ALOHA see discussion below)
Route 11 Gasoline Direct

Acetylene Direct
Canadian Pacific Railway Ammonia Hole in tank (stored as liquid)

Butane Hole in tank (stored as liquid)
Heller's Gas & Fireplaces Propane Direct
Deluxe Building Systems Natural Gas/ Methane Direct
Transco Pipeline Natural Gas/ Methane Pipeline
UGI Pipeline Natural Gas/ Methane Pipeline
Sunoco Pipeline Gasoline Direct (constant release rate)

Dimethylamine (2% solution) Direct
Gasoline Direct

Bell Bend Nuclear Power Hydrogen (Bottle) Direct
Plant Argon-Methane (considered Direct

Methane)
Hydrogen (Tank) Direct

The release of hydrogen was not modeled in ALOHA. Instead, the effects of plume rise and plume
meander were modeled in Excel using the methods and equations from "Prediction of Hazards of Spills of



Anhydrous Ammonia on Water"' and Regulatory Guide 1.145. Plume rise and plume meander are not
included in ALOHA. See the response to RAI 02.02.03-4 for more discussion of the plume rise and
plume meander methods.

2. Explain why hydrazine (35% solution) is not evaluated as a potential flammable vapor cloud and
included in Table 2.2-9. Please clarify.

Response-

Hydrazine was evaluated as a potential flammable vapor cloud. However, the vapor pressure of
hydrazine is lower than the lower explosive limit. From a Material Safety Data Sheet (MSDS) for 35%
solution hydrazine, the vapor pressure of hydrazine is 11.25 mmHg at 20'C, and the lower explosive limit
is 9.3%. A vapor pressure of 11.25 nmm-Hg is equivalent to a concentration in the atmosphere of 1.48%
(=1 1.25/760). The vapor pressure is the maximum concentration that hydrazine can be in an atmosphere
before precipitating. This concentration is substantially less than the lower explosive limit. Therefore, an
unconfined vapor cloud explosion can not be supported and hydrazine is not included in Table 2.2-9.

COLA Impact

There are no changes to the COLA based on responses to this RAI question. However, as described in the
RAI response cover letter, FSAR Section 2.2 has been significantly revised to provide additions and
corrections to text and tables. These corrections and additions are a result of responses to this set of RAIs
and revised technical input. Enclosure 2 to this letter provides the revisions to FSAR 2.2 and changes are
identified with text strike-outs.

1 Arthur Little, "Prediction of Hazards of Spills of Anhydrous Ammonia on Water," Prepared for the US Coast

Guard, March 1974.



Question 02.02.03-3

RG 1.206 provides guidance regarding the information that is needed to ensure potential hazards in the
site vicinity are identified and evaluated to meet the siting criteria in 10 CFR 100.20 and 10 CFR 100.21.
BBNPP EPR COL FSAR Section 2.2.3.1.2 addresses flammable vapor clouds. The applicant's ALOHA
Vapor Cloud modeling the ignition of 80000 lbs of gasoline gave a distance of 0.4 mi for attenuation of a
resulting pressure wave to 1.0 psi. The results presented in Table 2.2-9 of the COL FSAR for ignition of
4000 gal (18647 lbs) of gasoline identified a distance of only 1323 ft (0.25 mi) for attenuation of the
resulting pressure wave to 1.0 psi. Please explain how these results are reasonable and provide ALOHA
inputs for the staff's confirmatory analysis.

Response

The results presented in the discussion are reasonable because gasoline vapor is modeled in ALOHA as a
heavy gas, which is appropriate, because gasoline vapor is 3 to 4 times the density of air. The standoff
distance for heavy gas analyses are not expected to vary linearly with the mass released.

The explosion analyses for the 4,000 gallon (-18,000 lb) on-site tank of gasoline and the 80,000 pound
off-site tank of gasoline were analyzed using the same (direct release) method. The inputs and results for
these analyses are included in Attachment 02.02.03-3(1) of this response. Note: because the on-site
chemicals analyzed for Bell Bend Nuclear Power Plant were the same as those also analyzed for Nine
Mile Point 3 Nuclear Power Plant, the on-site analysis is the same for both Bell Bend and Nine Mile
Point. Hence, although the information included in Attachment 02.02.03-3(1) of this response indicates
that it is for Nine Mile Point, it is applicable for Bell Bend as well.

For both cases, because gasoline is a mixture of chemicals, a new chemical was created in ALOHA.
From the ALOHA documentation provided by the EPA, the chemical properties that are needed are the
molecular weight, the boiling temperature, the LEL, the UEL, the heat of combustion, the gas (vapor)
density, the critical pressure, the critical temperature, the gas (vapor) heat capacity (cp), the liquid heat
capacity(cp), and the freezing point.

" The molecular weight of gasoline is 86.91, which is calculated based on an MSDS for gasoline
which states that the vapor density of gasoline is 3 to 4 times the density of air.

" From an MSDS for gasoline, the boiling temperature is a minimum of 100 'F, the LEL is 1.4%
and the UEL is 7.6%.

* From the Society of Fire Protection Engineers Handbook, the heat of combustion is 42 MJ/kg.

" Using a specific vapor density of 3 and an air density of 0.07298 lb/ft3, the density of gasoline
vapor at 77 'F and 1 atm is 0.2189 lb/ft3. A vapor density of 3 was used for this analysis to
maximize the conversion from mass based concentration (lbm/ft3) to volume based
concentration (ppm).

" The critical pressure and temperature are calculated based on a comparison of the critical
pressures for other hydrocarbons. The comparison values are from Fundamentals of
Thermodynamics by Sonntag, Borgnakke, and Van Wylen. The critical pressure is 3.026 MPa
and the critical temperature is 511 K.



" The specific heat of gasoline is taken as 0.410 BTU/lb-R at 77 'F and I atm, based on a
comparison of hydrocarbons with similar molecular weights. The comparison values are from
Fundamentals of Thermodynamics by Sonntag, Borgnakke, and Van Wylen.

* The liquid heat capacity of gasoline is 0.50 BTU/lbm-R at 77 'F (from Fundamentals of
Thermodynamics by Sonntag, Borgnakke, and Van Wylen).

* -The freezing point of gasoline is taken to be 178 K from the freezing point of the hydrocarbons
toluene and hexane, which both have molecular weights very close to the molecular weight of
gasoline (from Marks Standard Handbook for Engineers).

The standoff distance for the 80,000 pound release of gasoline is 696 yards (0.40 miles). The standoff
distance for the 18,647 pound (4,000 gallon) release of gasoline is 462 yards (0.26 miles).

COLA Impact

There are no changes to the COLA based on responses to this RAI question. However, as described in
the RAI response cover letter, FSAR Section 2.2 has been significantly revised to provide additions and
corrections to text and tables. These corrections and additions are a result of responses to this set of RAIs
and revised technical input. Enclosure 2 to this letter provides the revisions to FSAR 2.2 and changes are
identified with text strike-outs.



Attachment 02.02.03-3(1)

ALOHA Files for Gasoline Vapor Cloud Ignition



*Text Summary ALOHA® 5.4.1

SITE DATA:
Location: NINE MILE POINT, NEW YORK
Building Air Exchanges Per Hour: .3 (user specified)
Time: June 1, 2008 0100 hours EDT (user specified)

CHEMICAL DATA:
Chemical Name: GASOLINE Molecular Weight: 86.91 g/mol
LEL: 14000 ppm UEL: 76000 ppm
Ambient Boiling Point: 99.40 F
Vapor Pressure at Ambient Temperature: 0.69 atm
Ambient Saturation Concentration: 695,662 ppm or 69.6%

ATMOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: I meters/second from e at 3 meters
Ground Roughness: open country Cloud Cover: 5 tenths
Air Temperature: 250 C Stability Class: F
No Inversion Height Relative Humidity: 50%

SOURCE STRENGTH:
Direct Source: 4000 gallons
Source State: Liquid
Source Temperature: equal to ambient
Release Duration: 1 minute
Release Rate: 311 pounds/sec
Total Amount Released: 18,647 pounds

Source Height: 0

THREAT ZONE:
Threat Modeled: Overpressure (blast force) from vapor cloud explosion
Type of Ignition: ignited by detonation
Model Run: Heavy Gas
Red : 326 yards --- (8.0 psi = destruction of buildings)
Orange: 344 yards --- (3.5 psi = serious injury likely)
Yel'low: 462 yards --- (1.0 psi = shatters glass)

Attachment 02.02.03-3(1)
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ALOHA& 5.4.1_
Text Summary

SITE DATA:
Location: BELL BEND, PENNSYLVANIA
Building Air Exchanges Per Hour: .3 (user specified)
Time: June 1, 2008 0100 hours EDT (user specified)

CHEMICAL DATA:
Chemical Name: GASOLINE Molecular Weight: 86.91 g/mol
LEL: 14000 ppm UEL: 76000 ppm
Ambient Boiling Point: 98.5° F
Vapor Pressure at Ambient Temperature: 0.69 atm
Ambient Saturation Concentration: 705,824 ppm or 70.6%

ATMOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 1 meters/second from e at 3 meters
Ground Roughness: open country Cloud Cover: 5 tenths
Air Temperature: 250 C Stability Class: F
No Inversion Height Relative Humidity: 50%

SOURCE STRENGTH:
Direct Source: 80,000 pounds Source Height: 0
Release Duration: 1 minute
Release Rate: 1,330 pounds/sec
Total Amount Released: 80,000 pounds

THREAT ZONE:
Threat Modeled: Overpressure (blast force) from vapor cloud explosion
Type of Ignition: ignited by detonation
Model Run: Heavy Gas
Red : 446 yards --- (8.0 psi = destruction of buildings)
Orange: 480 yards --- (3.5 psi = serious injury likely)
Yellow: 696 yards --- (1.0 psi = shatters glass)

Attachment 02.02.03-3(1)
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Overpressure (Blast Force) Threat Zone ALOHA® 5.4.1'

Time: June 1, 2008 0100 hours EDT (user specified)

Chemical Name: GASOLINE

Wind: 1 meters/second from e at 3 meters

THREAT ZONE:
Threat Modeled: Overpressure (blast force) from vapor cloud explosion
Type of Ignition: ignited by detonation
Model Run: Heavy Gas
Red : 446 yards (8.0 psi = destruction of buildings)
Orange: 480 yards (3.5 psi = serious injury likely)
Yellow: 696 yards (1.0 psi = shatters glass)

yards
750

250

rrý(0 a

250

750
1000 500 0 500

yards
1000 1500

r-J >= 8.0 psi

>= 3.5 psi

>= 1.0 psi

= destruction of
- serious injury

- shatters glass

Lines

buildings

likely

Confidence

Attachment 02.02.03-3(1)
Page 3 of 5



Specific Heat
Molecular (cp)
Weight (BTU/Ibm-R)

Critical
Temperature

(R)

Critical
Pressure

(psi)

From Fundamentals of Thermodynamics by
Sonntag, Borgnakke, Van Wylen

8.054 0.37 508.3 731Ethylene
Ethane
n-Butane
n-Heptane
n-Hexane
n-Octane
n-Pentane
Propane
Propene

2
30.07

58.124
100.205
86.178
114.232
72.151
44.094
42.081

0.41

0.409

0.401

549.7
765.4
972.5
913.5
1032.8
845.5
665.6
656.8

708
551
397
437
361
489
616
667

Critical
Temperature

(K)

K=R/1.8
282
305
425
540
508
574
470
370
365

Critical
Pressure (Pa)

Pa=psi*
6,894.757
5,040,067
4,881,488
3,799,011
2,737,219
3,013,009
2,489,007
3,371,536
4,247,170
4,598,803

Calculated
Pressure (Pa)
Pa=-1.842E6*

LN(MW) + 1.125E7
(see following

page)
5,108,530
4,980,701
3,766,730
2,763,504
3,041,284
2,522,178
3,368,522
4,275,592
4,361,664

Calculated
Temperature (K)

K=201.68*
LN(MW) -

389.28 (see
following page)

283
297
430
540
509
566
474
374
365

Gasoline 86.91 3,025,704 511

Attachment 02.02.03-3(1)
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Critical Constants of Hydrocarbons
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Question 02.02.03-4

RG 1.206 provides guidance regarding the information that is needed to ensure that potential hazards in
the site vicinity are identified and evaluated in order to meet the siting criteria in 10 CFR 100.20 and 10
CFR 100.21. BBNPP EPR COL FSAR Section 2.2.3.1.2 addresses flammable vapor clouds. Please
describe in detail how the applicant applied the ALOHA model to determine the hydrogen concentration
(1.49% units) from SSES and the natural gas concentrations from pipelines of 1.76% and 1.32%
presented in Table 2.2-9 of the COL FSAR, including any release height used and plume rise algorithms.

Response

ALOHA was not used to determine the hydrogen or natural gas pipeline concentrations that were used in
the flammable vapor cloud analysis. ALOHA was only used in each case in order to determine the
maximum release rate of the chemical. Instead of ALOHA, an Excel spreadsheet was generated which
takes into account additional mitigating factors such as plume rise and plume meander. The SER related
to Hartsfield Nuclear Power Plants (NUREG-0014) concluded "the state of knowledge concerning the
chemical reactions of natural gas mixed with air is sufficiently well established to form a basis for the
judgment that the detonation of an unconfined natural gas dispersal in air is not a credible event." The
goal for the analysis of releases of natural gas and hydrogen was to show that the vapor cloud rises to an
elevation such that the concentration is below the LEL at the highest plant structures. If the vapor cloud
is above plant structures there can be no credible ignition source, and the cloud would be completely
unconfined.

Plume rise due to buoyancy effects has been modeled according to the methodology outlined in
"Prediction of Hazards of Spills of Anhydrous Ammonia on Water" (see citation for the response to RAI
02.02.03-2). This method is used because it describes a continuous plume release from a ground source.
The plume rise height is given by:

Ah=

Where: Ah - Height of the plume rise (ft)
F

lp= u3 Buoyancy length of the plume rise (ft)

x - Distance from the release point (ft)
F - Buoyancy flux term (ft4/s3)
U - Wind speed (ft/s)

Substituting for lp gives the following relation:

Ah = 1.5) 3 x 2 /3F/
3 U

1

The value of the empirical parameter P3 has a range of 0.5 < P < 2.0, but the use of 3 1.0 is
recommended by "Prediction of Hazards of Spills of Anhydrous Ammonia on Water."

The buoyancy flux term, F, is computed according to the relation:



F- VgA
Tit

A=I Ps

Pa

Where: V - Volume of vapor-generated in time duration t (ft3)
t - Time duration over which a vapor volume V is released (s)
ps - Density of chemical vapor (lbr/ft3)
Pa - Density of air (lbm/ft3)
g - Gravitational acceleration (ft/s 2)
A - Fractional density defect

The gas and air densities are evaluated at ambient conditions. For use in this analysis, where a mass flow
rate is used as input, the following transformation is made.

V - ii

t PS

Where: rh - Mass release rate from the source (lbm/s)

Therefore, the buoyancy flux term is computed as shown below.

F=- rgA
PS'r

A limiting plume rise height is determined for stable atmospheric conditions. The limiting plume rise
height is given by:

Ah max = ' s2/3

The atmospheric stratification parameter (S) is computed by:

s- U

'~Tamb aZ

80

Where: -- - The absolute value of the potential temperature gradient in the atmosphere (°F/ft)c8z
Tamb - Ambient temperature in Rankine

The gradient of potential temperature is from the equation below, where fT/c8z is defined in Regulatory
Guide 1.23 for each Pasquill Stability Class.



N0 aT 5.40F
8z az 1000ft

From the set of equations above, the plume rise elevation increases as the mass release rate increases. A
higher plume rise leads to a lower concentration at the highest plant structure. From the vapor dispersion
equations in NUREG-0570, the concentration at a point increases as the mass release rate increases.
Therefore, the mass release rate needs to be calculated iteratively in order to determine the maximum
concentration at the highest plant structure.

To include meander, the lateral dispersion, ay, is multiplied by the correction factor M per Regulatory
Guide 1.145. The equation for determining the lateral dispersion including plume meander is shown
below.

••y Mcy for distances < 800 meters

Y" y (M - ')a y800 + OYy for distances > 800 meters

Where Xy, is used instead of ay in the Gaussian dispersion equations presented in NUREG-0570.

The analysis for each of the three identified cases (hydrogen and the two natural gas pipelines) is included
in Attachment 02.02.03-4(1) of this response.

COLA Impact

There are no changes to the COLA based on responses to this RAI question. However, as described in
the RAI response cover letter, FSAR Section 2.2 has been significantly revised to provide additions and
corrections to text and tables. These corrections and additions are a result of responses to this set of RAls
and revised technical input. Enclosure 2 to this letter provides the revisions to FSAR 2.2 and changes are
identified with text strike-outs.



Attachment 02.02.03-4(1)

Hydrogen and Natural Gas Pipeline Analyses



Hydrogen Plume Dispersion to Safety Related Buildings
_ . I I ..

77 

°F

I I In ;•o

I 77 flOUt 4.2Ambient Temperature 77 I*F Inn0ut 4.2
Ambient Pressure 14.7 psia Assumption 5.17
Gas MW 2.016 Ibm/lb-mole Input 4.3
Air MW 28.97 Ibm/lb-mole Input 4.3
Wind velocity 1 m/s Input 4.2
Wind velocity (U) 3.281 ft/s
y coordinate distance from center of plume 0 ft Assumption 5.16

Maximum Release Rate 36.963 lb/s Iteratively solved for
Constant C 5.549 Section 6.3.3.1
Constant W 3.319 Section 6.3.3.1
Constant G 5.683 Section 6.3.3.1
Above-ground elevation of source (h0) 234.63 ft Section 6.1.2.5, Equation 6.3-14
Highest Safety Related Building 204.04 ft Input 4.1
Universal Gas Constant 1545 ft-lbf/lb-mole-R Ref. 2.15, pg. 62
Conversion: Feet per Mile 5280 Ref. 2.7, pg. 1-16
Conversion: Feet per Meter 3.281 Ref. 2.7, pg. 1-29

Calculations
Distance between Release and Target 0.69 miles Table 7.3-1
Distance between Release and Target 3643.2 ft
Distance between Release and Target 1.11 km

Stability Class F Input 4.2
Standard deviation parameter - a 13.953 Ref. 2.3
Standard deviation parameter - b 0.63227 Ref. 2.3
Standard deviation parameter - c 4.1667 Ref. 2.3
Standard deviation parameter - d 0.36191 Ref. 2.3
Meander correction factor 4 Ref. 2.21
o, - plume standard deviation in y 122.320 ft Equation 6.3-17
o - plume standard deviation in y at 800 w 90.669 ft Equation 6.3-17
"Y -plume standard deviation in y with meander 394.329 ft Equation 6.3-19

a, - plume standard deviation in z 48.913 ftEquation 6.3-18

7.64E-05 Ibm/ft
3  

Equation 6.3-16
1.49% Ideal Gas Law

_Acceptance Criteria: C, < 4% Satisfied

Attachment 02.02.03-4(1)
Page 1 of 10



A B B C D
1. Hydrogen Plume Dispersion to Safety Related Buildings
,• Desiqn Inputs Value Units Reference

Ambient Temperature 77 'F Input 4.2
Ambient Pressure 14.7 psia Assumption 5.17

10 Gas MW 2.016 Ibm/tb-mole Input 4.3
* Air MW 28.97 Ibm/lb-mole Input 4.3

Wind velocity 1 m/s Input 4.2
Wind velocity (U) =B8"3.281 ft/s
y U coordinate distance from center of plume 0 ft Assumption 5.16
Maximum Release Rate 36.9626000288089 lb/s Iterativety solved for
Constant C 5.549 Section 6.3.3.1
Constant W 3.319 Section 6.3.3.1
C/4 Constant G 5.683 Section 6.3.3.1

1*T Above-ground elevation of source (h0) =MAX((B11/B9)^(1/3)*B14*B12*B13,B16) ft Section 6.1.2.5, Equation 6.3-14TID- Highest Safety Related Building 204.04 ft Input 4.1
T jUniversal Gas Constant 1545 ft-lbf/lb-mole-R Ref. 2.15, pg. 62

Conversion: Feet per Mile 5280 Ref. 2.7, pg. 1A16
Conversion: Feet per Meter 3.281 Ref. 2.7, pg. 1-29

I Caculations
Sistance between Release and Target 0.69 miles Table 7.3-1
D)istance between Release and Target =B22"520t
Distance between Release and Target =B23/B19/1000 km

LZ Stability Class F Input 4.2
Z t Standard deviation parameter - a 13.953 Ref. 2.375 Standard deviation parameter - b 0.63227 Ref. 2.3
=7 Standard deviation parameter - c 4.1667 Ref. 2.3

Jg Standard deviation parameter - d 0.36191 Ref. 2.3
M NIeander correction factor 4 Ref. 2.21

JZ o, - plume standard deviation in y =(465.11625*(B24)*TAN(0.01 7453293*($B$29-$B$30*LN(B24)))*3.281) ft Equation 6.3-17
,J3- o, - plume standard deviation in y at 800 m =(465.11625*(0.8)*TAN(0.017453293*($B$29-$B$30*LN(0.8)))*3.281) ft Equation 6.3-17
,51•4 Y, -plume standard deviation in y with meander =(B31-1)*B33+B32 ft Equation 6.3-19
Jý cz - plume standard deviation in z =($B$27*(B24)^$B$283.281) ft Equation 6.3-18

7 =B11/(2*PI *B9*B34*B35)*EXP(-(B1 ^2)/(2*B34^2))*(EXP(-((B16-15)^2)/(2*B35^2))+EXP(-((B16+B15)^2)/(2*B35A2))) Ibm/ft= Equation 6.3-16
=B37*(B17/B6)*(B4+459.7)/(B5*144) Ideal Gas Law

40 Acceptance Criteria: C, < 4% Satisfied

Attachment 02.02.03-4(1)
Page 2 of 10



ALOHA@ 5.4.1•
Text Summary

SITE DATA:
Location: BELL BEND, PENNSYLVANIA
Building Air Exchanges Per Hour: 1 (user specified)
Time: June 1, 2008 0100 hours EDT (user specified)

CHEMICAL DATA:
Chemical Name: METHANE Molecular Weight: 16.04 g/mol
TEEL-I: 3000 ppm TEEL-2: 5000 ppm TEEL-3: 25000 ppm
LEL: 44000 ppm UEL: 165000 ppm
Ambient Boiling Point: -259.20 F
Vapor Pressure at Ambient Temperature: greater than 1 atm
Ambient Saturation Concentration: 1,000,000 ppm or 100.0%

ATMOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 1 meters/second from n at 3 meters
Ground Roughness: open country Cloud Cover: 5 tenths
Air Temperature: 250 C Stability Class: F
No Inversion Height Relative Humidity: 50%

SOURCE STRENGTH:
Flammable gas escaping from pipe (not burning)
Pipe Diameter: 42 inches Pipe Length: 10000 meters
Unbroken end of the pipe is connected to an infinite source
Pipe Roughness: smooth Hole Area: 1,385 sq in
Pipe Press: 1214.7 psia Pipe Temperature: 250 C
Release Duration: ALOHA limited the duration to 1 hour
Max Average Sustained Release Rate: 440,000 pounds/min

(averaged over a minute or more)
Total Amount Released: 14,144,473 pounds

Attachment 02.02.03-4(1)
Page 3 of 10



ALOHA®ý 5.4.1 o
Source Strength (Release Rate)

Time: June 1, 2008 0100 hours EDT (user specified)

Chemical Name: METHANE

SOURCE STRENGTH:
Flammable gas escaping from pipe (not burning)
Pipe Diameter: 42 inches Pipe Length: 10000 meters
Unbroken end of the pipe is connected to an infinite source
Pipe Roughness: smooth Hole Area: 1,385 sq in
Pipe Press: 1214.7 psia Pipe Temperature: 250 C
Release Duration: ALOHA limited the duration to 1 hour
Max Average Sustained Release Rate: 440,000 pounds/min

(averaged over a minute or more)
Total Amount Released: 14,144,473 pounds

pounds/minute
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Transco 42" Pipe Dispersion to Safety Related Buildings
Desi.n Inputs Value Units Reference
Ambient Temperature 77 T Input 4.2
Ambient Pressure 14.7 psia Assumption 5.17
Gas MW 16.043 Ibm/lb-mole Input 4.3
Air MW 28.97 Ibm/lb-mole Input 4.3
Wind velocity 1 m/s Input 4.2
Wind velocity (U) 3.281 ft/s
y coordinate distance from center of plume 0 ft Assumption 5.16
Maximum Release Rate 1105.180903 Iteratively solved for
Constant C 5.549 Section 6.3.3.1
Constant W 3.319 Section 6.3.3.1
Constant G 2.225 Section 6.3.3.1
Above-ground elevation of source (h0) 285.12 ft Section 6.1.2.5, Equation 6.3-14
Highest Safety Related Building 204.04 ft Input 4.1
Universal Gas Constant 1545 ft-lbf/lb-mole-R Ref. 2.15, pg. 62
Conversion: Feet per Mile 5280 Ref. 2.7, pg. 1-16

onversion: Feet per Meter 3.281 Ref. 2.7, pg. 1-29

Calculations
Distance between Release and Target (L) 1.74 mi Table 7.3-1
Distance between Release and Target (L) 9187.2 ft
D•istance between Release and Target 2.80 km

Stability Class F Input 4.2
Standard deviation parameter - a 14.823 Ref. 2.3,
Standard deviation parameter - b 0.54503 Ref. 2.3
Standard deviation parameter - c 4.1667 Ref. 2.3
Standard deviation parameter- d 0.36191 Ref. 2.3
Meander 4 Ref. 2.21
o, - plume standard deviation in y 283.375 ft Equation 6.3-17

-- plume standard deviation in y at 800 m 90.669 ft Equation 6.3-17
oa - plume standard deviation in y (w/ meander) 555.383 ft Equation 6.3-19
o, - plume standard deviation in z 85.245 ft Equation 6.3-18

Concentration at Intake 7.20E-04 Ibm/ft
3  

Equation 6.3-16
Concentration at Intake 1.76% Ideal Gas Law

Acceptance Criteria: C, < 4.4% Satisfied

Attachment 02.02.03-4(1)
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A B C D

1 Transco 42" Pipe Dispersion to Safety Related Buildings
Design Inputs Value Units Reference
Ambient Temperature 77 -F Input 4.2
Ambient Pressure 14.7 psia Assumption 5.17

0 Gas MW 16.043 Ibm/lb-mole Input 4.3
7 Air MW 28.97 Ibm/lb-mole Input 4.3

Wind velocity 1 m/s Input 4.2
Wind velocity (U) =B8"3.281 ft/s

1 U y coordinate distance from center of plume 0 ft Assumption 5.16
-"rT Maximum Release Rate 1105.18090320593 Iteratively solved for

2 Constant C 5.549 Section 6.3.3.1
I 7 Constant W 3.319 Section 6.3.3.1
114 lConstant G 2.225 Section 6.3.3.1

Above-ground elevation of source (h 0) =MAX((B11/B9)^(1/3)*B14'B12'B13,B16) ft Section 6.1.2.5, Equation 6.3-14
Highest Safety Related Building 204.04 ft Input 4.1

17 Universal Gas Constant 1545 ft-lbf/lb-mole-R Ref. 2.15, pg. 62

18 Conversion: Feet per Mile 5280 Ref. 2.7, pg. 1-16

19 Conversion: Feet per Meter 3.281 Ref. 2.7, pg. 1-29

I Calculations
=7 Distance between Release and Target (L) 1.74 mi Table 7.3-1

Distance between Release and Target (L) =B22*B18 ft
Distance between Release and Target =B23/B19/1000 km

Stability Class F Input 4.2
Standard deviation parameter- a 14.823 Ref. 2.3

L? Standard deviation parameter- b 0.54503 Ref. 2.3
Standard deviation parameter - c 4.1667 Ref. 2.3
Standard deviation parameter - d 0.36191 Ref. 2.3

37 Meander 4 Ref. 2.21
3J2 o, - plume standard deviation in y =(465.11625*(B24)*TAN(0.01 7453293*($B$29-$B$30*LN(B24)))*3.281) ft Equation 6.3-17
-73U a,- plume standard deviation in y at 800 m =(465.11625*(0.8)*TAN(0.017453293*($6$29-$B$30'LN(0.8)))*3.281) ft Equation 6.3-17
3, a, - plume standard deviation in y (w/ meander) =(B31-1)IB33B32 ft Equation 6.3-19
,50 a, - plume standard deviation in z =($B$27*(B24)^$B$283.281) ft Equation 6.3-18

3T Concentration at Intake =B1 1/(2*PIYBB9*B34*B35)*EXP(-(B1l^2)/(2*B34^2))*(EXP(-((B16-B15)^2)/(2*B35^2))+EXP(-((B16+B15)^2)/(2*B35^2))) Ibm/ft3 Equation 6.3-16
SConcentration at Intake =B37*(B17/B6)'(B4+459.7)/(B5*144) Ideal Gas Law

40 lAcceptance Criteria: C, < 4.4% Satisfied

Attachment 02.02.03-4(l)
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Text Summary

SITE DATA:
Location: BELL BEND, PENNSYLVANIA
Building Air Exchanges Per Hour: .3 (user specified)
Time: June 1, 2008 0100 hours EDT (user specified)

ALOHA® 5.4.1l

CHEMICAL DATA:
Chemical Name: METHANE Molecular Weight: 16.04 g/mol
TEEL-l: 3000 ppm TEEL-2: 5000 ppm TEEL-3: 25000 ppm
LEL: 44000 ppm UEL: 165000 ppm
Ambient Boiling Point: -259.20 F
Vapor Pressure at Ambient Temperature: greater than 1 atmAmbient Saturation Concentration: 1,000,000 ppm or 100.0%

ATMOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 1 meters/second from e at 3 meters
Ground Roughness: open country Cloud Cover: 5 tenths
Air Temperature: 250 C Stability Class: F
No Inversion Height Relative Humidity: 50%

SOURCE STRENGTH:
Flammable gas escaping from pipe (not burning)
Pipe Diameter: 12 inches Pipe Length: 13700 feet
Unbroken end of the pipe is connected to an infinite sourcePipe Roughness: smooth Hole Area: 113 sq in
Pipe Press: 332.7 psia Pipe Temperature: 250 C
Release Duration: ALOHA limited the duration to 1 hour
Max Average Sustained Release Rate: 5,340 pounds/min

(averaged over a minute or more)
Total Amount Released: 231,552 pounds

Attachment 02.02.03-4(1)
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ALOHA® 5.4.1OSource Strength (Release Rate)

Time: June 1, 2008 0100 hours EDT (user specified)

Chemical Name: METHANE

SOURCE STRENGTH:
Flammable gas escaping from pipe (not burning)
Pipe Diameter: 12 inches Pipe Length: 13700 feet
Unbroken end of the pipe is connected to an infinite source
Pipe Roughness: smooth Hole Area: 113 sq in
Pipe Press: 332.7 psia Pipe Temperature: 250 C
Release Duration: ALOHA limited the duration to 1 hour
Max Average Sustained Release Rate: 5,340 pounds/min

(averaged over a minute or more)
Total Amount Released: 231,552 pounds

pounds/minute
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UGI 12" Pipe Dispersion to Control Room Intake
Design Inputs Value Units Reference
Ambient Temperature 77 TF Input 4.2
Ambient Pressure 14.7 psia Assumption 5.17
Gas MW 16.043 Ibm/lb-mole Input 4.3
Air MW 28.97 Ibm/lb-mole Input 4.3
Wind velocity I m/s Input 4.2
Wind velocity (U) 3.281 ft__s
y coordinate distance from center of plume 0 ft Assumption 5.16
ilaimum Release Rate 89 Iteratively solved for, Attch. E10, pg. 1
Constant C 5.549 Section 6.3.3.1
Constant W 3.319 Section 6.3.3.1
Constant G 2.225 Section 6.3.3.1
Above-ground elevation of source (hb) 204.04 ft Section 6.1.2.5, Equation 6.3-14
Highest Safety Related Building 204.04 ft Input 4.1
Universal Gas Constant 1545 ft-lbf/lb-mole-R Ref. 2.15, pg. 62
Conversion: Feet per Mile 5280 Ref. 2.7, pg. 1-16
Conversion: Feet per Meter 3.281 Ref. 2.7, pg. 1-29

Calculations
Distance between Release and Target (L) 0.35 mi Table 7.3-1
Distance between Release and Target (L) 1848 ft
Distance between Release and Target 0.56 km

Stability Class F Input 4.2
Standard deviation parameter - a 14.457 Ref. 2.3
Standard deviation parameter - b 0.78047 Ref. 2.3
Standard deviation parameter - c 4.1667 Ref. 2.3
Standard deviation parameter- d 0.36191 Ref. 2.3
Meander correction factor 4 Ref. 2.21
Y- plume standard deviation in y 65.752 ft Equation 6.3-17

-- plume standard deviation in y with meander 263.008 ft Equation 6.3-19 (<0.5 miles)
a, - plume standard deviation in z 30.305 ft Equation 6.3-18

Concentration at Intake 5.42E-04 Equation 6.3-16
Concentration at Intake 1.32% Ideal Gas Law

Acceptance Criteria: C, < 4.4% Satisfied

Attachment 02.02.03-4(1)
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A B C D

1 UGI 12" Pipe Dispersion to Control Room Intake
Design Inputs Value IUnits Reference
ATmbient Temperature 77 I "F Input 4.2
A mbient Pressure 14.7 Ipsia Assumption 5.17

0 Gas MW 16.043 Ibm/lb-mole Input 4.3
A•Air MW 28.97 ibm/lb-mole Input 4.3
Wind velocity 1 m/s Input 4.2
Wind velocity (U) B83.281 ft/s
y U coordinate distance from center of plume 0 Ift Assumption 5.16

- M Maximum Release Rate 89 1 Iteratively solved for, Attch. El0, pg. 1
=. Constant C 5.549 Section 6.3.3.1
1 jConstantW 3.319 Section 6.3.3.1
14 Constant G 2.225 Section 6.3.3.1
_ry Above-ground elevation of source (h,) =MAX((B1 1/B9)^(1/3)*B14*B12*B13,B16) Ift Section 6.1.2.5, Equation 6.3-14

i Highest Safety Related Building 204.04 Ift Input 4.1

17 Universal Gas Constant 1545 ft-lbf/lb-mole-R Ref. 2.15, pg. 62

18 Conversion: Feet per Mile 5280 Ref. 2.7, pg. 1-16

19 Conversion: Feet per Meter 3.281 Ref. 2.7, pg. 1-29Zu U
Z I Calculations
*2 Distance between Release and Target (L) 0.35 Jmi Table 7.3-1
/,. Distance between Release and Target (L) =5280"B22 lft
-24- Distance between Release and Target ;=23/B19/1000 lkm

_=D Stability Class F I Input 4.2
= -Standard deviation parameter - a 14.457 F Ref. 2.3

Z? Standard deviation parameter - b 0.78047 F Ref. 2.3
-Standard deviation parameter - c 4.1667 [ Ref. 2.3
Standard deviation parameter - d 0.36191 r Ref. 2.3

3T Meander correction factor 4 [ Ref. 2.21
. y- plume standard deviation in y =(465.11625"(B24)*TAN(0.017453293'($B$29-$B$30*LN(B24)))*3.281) ift Equation 6.3-17
a, - plume standard deviation in y with meander =B32*B31 Ift Equation 6.3-19 (v0.5 miles)

34 a - plume standard deviation in z =($B$27*(B24)^$B$28*3.281) Ift Equation 6.3-18

J Concentration at Intake =B1 1/(2*P])*B9*B33*B34)*EXP(-(B1l ^2)/(2*B33A2))*(EXP(-((B16-B15)^2)/(2*B34^2))+EXP(-((B16+B1 5)v2)/(2*B34`2))) I Equation 6.3-16
J 1 Concentration at Intake =B36*(B17/B6)*(B4+459.7)/(B5*144) I Ideal Gas Law

39 iAcceptance Criteria: C, < 4.4% Satisfied

Attachment 02.02.03-4(l)
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Question 02.02.03-5

RG 1.206 provides guidance regarding the information that is needed to ensure potential hazards in the
site vicinity are identified and evaluated to meet the siting criteria in 10 CFR 100.20 and 10 CFR 100.21.
BBNPP EPR COL FSAR Section 2.2.3.1.3 addresses toxic chemicals. There is no Immediately
Dangerous to Life and Health (IDLH) threshold value, as defined by National Institute for Occupational
Safety and Health (NIOSH), established for gasoline. The maximum (conservative) Threshold Limiting
Value (TLV) normally used for this type of application is 300 ppm. The applicant has, however, used a
Short Term Exposure Limit (STEL) value of 500 ppm. Please provide results based on the use of 300
ppm (TLV) value, and the rationale for the use of the 500 ppm STEL value.

Response

The rationale for the use of the 500 ppm STEL value will first be explained, and then results using the
300 ppm TLV limit will be provided.

1. Please provide the rationale for the use of the 500 ppm STEL value.

The 500 ppm STEL value will never be exceeded, and because it can be expected that no more than one
tank spill of gasoline will occur in a day, the long term exposure limit will not be exceeded more than 8
hours a day every day. This is because the American Council of Governmental Industrial Hygienists
(ACGIH) provides the following definitions for toxicity limits: The threshold limit value/time weighted
average (TLV/TWA) is based on acceptable concentrations for a normal 8-hour workday and a 40 hour
workweek. It is an acceptable average concentration over 8 hours that a person can be exposed to day
after day. The threshold limit value/short term exposure limit (TLV/STEL) is an average concentration to
which a person can be exposed for 15 minutes. This exposure should not occur more than four times per
day and there should be at least 60 minutes between each exposure. The Immediately Dangerous to Life
and Health (IDLH) limit is defined by NIOSH as the concentration that if reached poses an immediate
threat of loss of life. Exposures at this level may result in irreversible or severe health effects that could
impair an immediate escape from the hazardous environment. Regulatory Guide 1.78 states that the use
of IDLH "is considered appropriate because it provides an adequate margin of safety as long as control
room operators use protective measures within 2 minutes."

Section 6.4 of the Standard Review Plan identifies three different exposure criteria that must be satisfied.
First there is a protective action limit for exposures of two minutes or less. This limit takes into account
that when a breathing apparatus is used, the operators will no longer be exposed to hazardous chemical
vapors. Second is a short term limit, which is the limit where operators will not suffer incapacitating
effects after a 1 hour exposure. Third is a long term limit, which is an occupational exposure limit that
operators could be exposed to for 40 hours a week without any side effects.

The three toxicity limits described by ACGIH fit into the three standard review plan categories. The
IDLH is the protective action limit, the TLV/STEL is the short term exposure limit and the TLV/TWA is
the long term exposure limit. In this analysis, since an IDLH has not been defined for gasoline, the
TLV/STEL is treated as the protective action limit and the short ternm exposure limit. This is conservative
because the short term exposure limit is a much more conservative limit than the protective action limit,
as it can be tolerated for 15 minutes, as opposed to 2 minutes. In the analysis of gasoline, the standoff
distance for the storage of the on-site tank of gasoline was detenrmined in order to ensure that the peak
concentration in the control room never exceeds the STEL. The release of gasoline was modeled as a
release from a tank. Therefore, as soon as the resultant puddle has evaporated, the concentration in the
control room will decrease.



2. Please provide results based on the use of 300 ppm (TL V) value.

For the instance of off-site gasoline, from a nearby gasoline pipeline, the peak outdoor concentration at
the air intakes is 61.4 ppm. This result is shown in Attachment 02.02.03-5(1) of this response. Because
this is much less than the TLV of 300 ppm, this instance of gasoline is not a hazard.

For the instance of on-site gasoline, the goal of the calculation is to determine the standoff distance for the
tank. The analysis has been revised based on revised standoff distance criteria to satisfy both the
STEL/TLV and the TWA/TLV limits. The standoff distance is the minimum distance where the peak
concentration is always below the short term exposure limit threshold limiting value (STEL/TLV), and
the average concentration that the control room operator is exposed to over an 8 hour period is less than
the time weighted average threshold limiting value (TWA/TLV).

The analysis shows that a standoff distance of 823 feet is required for the concentration in the control
room to never exceed the STEL/TLV and for the average concentration of operator exposure to be less
than the TWA/TLV. In the analysis, the peak concentration in the control room does not exceed 500
ppm. The operator is expected to don a respirator within 15 minutes following nasal detection. If the
control room operator is exposed to 500 ppm for twice this time, 30 minutes, then dons a respirator and is
exposed to no gasoline vapors while wearing the respirator (until the control room is safe), the average
concentration for the control room operators over 8 hours is 31.25 ppm. This is less than the TWA/TLV,
300 ppm; therefore, the control room operators will not experience a hazardous condition. Also note that
the release is conservatively modeled as a complete spill from a tank, as opposed to a direct release, in
order to maximize the duration of the exposure. This analysis is included in Attachment 02.02.03-5(1) of
this response.

COLA Impact

There are no changes to the COLA based on responses to this RAI question. However, as described in
the RAI response cover letter, FSAR Section 2.2 has been significantly revised to provide additions and
corrections to text and tables. These corrections and additions are a result of responses to this set of RAIs
and revised technical input. Enclosure 2 to this letter provides the revisions to FSAR 2.2 and changes are
identified with text strike-outs.



Attachment 02.02.03-5(1)

Gasoline Analysis using 300 ppm (TLV) value



ALOHA@ 5.4.1•
Text Summary

SITE DATA:
Location: BELL BEND, PENNSYLVANIA
Building Air Exchanges Per Hour: 0.3 (user specified)
Time: June 1, 2008 0100 hours EDT (user specified)

CHEMICAL DATA:
Chemical Name: GASOLINE Molecular Weight: 86.91 g/mol
LEL: 14000 ppm UEL: 76000 ppm
Ambient Boiling Point: 98.50 F
Vapor Pressure at Ambient Temperature: 0.69 atm
Ambient Saturation Concentration: 705,824 ppm or 70.6%

ATMOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 1 meters/second from n at 3 meters
Ground Roughness: open country Cloud Cover: 5 tenths
Air Temperature: 250 C Stability Class: F
No Inversion Height Relative Humidity: 50%

SOURCE STRENGTH:
Direct Source: 4491.7 cubic feet/hr
Source State: Liquid
Source Temperature: 1000 F
Release Duration: 60 minutes
Release Rate: 2,570 pounds/min
Total Amount Released: 154,067 pounds

Source Height: 0

THREAT ZONE:
Model Run: Heavy Gas
Red : 1454 yards (500 ppm)
Orange: 1.3 miles (200 ppm)
Yellow: 1.9 miles (100 ppm)

THREAT AT POINT:
Concentration Estimates at the point:
Downwind: 10518 feet Off Centerline: 0 feet
Warning: Higher concentrations occur after the first hour.
Max Concentration:(in the first hour)

Outdoor: 61.4 ppm
Indoor: 2.14 ppm

Attachment 02.02.03-5(1)
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ALOHA® 5.4.1lToxic Threat Zone

Time: June 1, 2008 0100 hours EDT (user specified)

Chemical Name: GASOLINE

Wind: 1 meters/second from n at 3 meters

THREAT ZONE:
Model Run: Heavy Gas
Red : 1454 yards --- (500 ppm)
Orange: 1.3 miles --- (200 ppm)
Yellow: 1.9 miles --- (100 ppm)

miles
2

0

2
2

->

1 0 1 2 3
miles

4

= 500 ppm
= 200 ppm

= 100 ppm

Dnfidence Lines
C
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ALOHA® 5.4.1Text Summary

SITE DATA:
Location: NINE MILE POINT, NEW YORK
Building Air Exchanges Per Hour: .3 (user specified)
Time: June 1, 2008 0100 hours EDT (user specified)

CHEMICAL DATA:
Chemical Name: GASOLINE Molecular Weighi
LEL: 14000 ppm UEL: 76000 ppm
Ambient Boiling Point: 99.40 F
Vapor Pressure at Ambient Temperature: 0.69 atm
Ambient Saturation Concentration: 695,662 ppm or 69.6%

t: 86.91 g/mol

ATMOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 1 meters/second from e at 3 meters
Ground Roughness: open country Cloud Cover: 5 tenths
Air Temperature: 250 C Stability Class: F
No Inversion Height Relative Humidity: 50%

SOURCE STRENGTH:
Leak from hole in horizontal cylindrical tank
Flammable chemical escaping from tank (not burning)
Tank Diameter: 8 feet Tank Length: 10.6 feet
Tank Volume: 4000 gallons
Tank contains liquid Internal Temperature: 250 C
Chemical Mass in Tank: 18,645 pounds
Tank is 100% full
Circular Opening Diameter: 5 feet
Opening is 0 feet from tank bottom
Ground Type: Default soil
Ground Temperature: equal to ambient
Max Puddle Area: 1514 square meters
Release Duration: 16 minutes
Max Average Sustained Release Rate: 1,300 pounds/min

(averaged over a minute or more)
Total Amount Released: 18,645 pounds
Note: The chemical escaped as a liquid and formed an evaporating puddle.
The puddle spread to a diameter of 48 yards.

THREAT ZONE:
Model Run: Heavy Gas
Red : 855 yards (500 ppm)
Orange: 1083 yards (300 ppm)

THREAT AT POINT:
Concentration Estimates at the point:
Downwind: 823 feet
Max Concentration:

Outdoor: 7,090 ppm
Indoor: 500 ppm

Off Centerline: 0 feet

Attachment 02.02.03-5(1)
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ALOHA® 5.4.1lConcentration at Point

Time: June 1, 2008 0100 hours EDT (user specified)

Chemical Name: GASOLINE

Building Air Exchanges Per Hour: .3 (user specified)

THREAT AT POINT:
Model Run: Heavy Gas
Concentration Estimates at the point:
Downwind: 823 feet
Max Concentration:

Outdoor: 7,090 ppm
Indoor: 500 ppm

Off Centerline: 0 feet

ppm

O CC /•C{
0, UUu

6,000

4,000

2,000
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minutes
Outdoor Concentration

Indoor Concentration

At Point: Downwind: 823 feet Off Centerline: 0 feet
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Question 02.02.03-6

RG 1.206 provides guidance regarding the information that is needed to ensure that potential hazards in
the site vicinity are identified and evaluated to meet the siting criteria in 10 CFR 100.20 and 10 CFR
100.21. BBNPP EPR COL FSAR Section 2.2.3.1.3 addresses toxic chemicals. Please clarify the form in
which sodium hypochlorite is modeled. Please also provide the release rate used.

Response

Sodium hypochlorite solutions are manufactured using excess sodium hydroxide to achieve a
solution pH of approximately 12. This both retards solution decomposition and shifts sodium
hypochlorite equilibria to the ionic form, which is not volatile. As a consequence, the vapor
pressure of chlorine species over commercial sodium hypochlorite solutions is low.
For the on-site usage of sodium hypochlorite, it was determined that the vapor pressure of
chlorine over a 15% solution of sodium hypochlorite is less than 10 mmHg at 100 'F. From the
MSDS for 15% sodium hypochlorite, the vapor pressure as a function of temperature is given in
the table below.

Vapor Pressure of Sodium Hypochlorite
as a function of Temperature

Temperature Vapor Pressure of the
(OF) Solution (mmHg)
48.2 3.7
60.8 8.0
68.0 12.1
89.6 31.1
118.4 100.0

This data is curve fit to an exponential curve as shown in the figure below. Based on this curve
fit, the vapor pressure of the solution at I 00°F is 46.2 mmHg. The vapor pressure of sodium
hypochlorite solution is plotted. At 100 'F, the vapor pressure is 46.2 mmHg.

120 --- ------------ --
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The vapor pressure of pure water is 0.950 psi at 1000 F (0.950 psi = 49.12 mmHg). Dissolved
sodium hypochlorite makes up 15 vol % of the solution, so the water vapor pressure over the
solution is reduced proportional to solute mole fraction per Raoult's Law. Assuming an ideal
solution, this would result in a partial pressure of 0.85 x 49.12 mmnHg = 41.75 mmHg. The
remaining vapor pressure is 4.4 mmHg (=46.2 -41.75).

Consequently, the vapor pressure of chlorine compounds that are coming out of the solution must
be less than 10 mmHg. Therefore, on-site sodium hypochlorite is screened out based on the
acceptance criteria from Regulatory Guide 1.78.

In the off-site hazards calculation, the entire mass of chlorine in the sodium hypochlorite was
released as a single puff. Because thisrelease was acceptable, no refinement was added. The
refinement for the on-site hazards calculation was added after the off-site hazards calculation had
been completed.'

COLA Impact

There are no changes to the COLA based on responses to this RAI question. However, as described in
the RAI response cover letter, FSAR Section 2.2 has been significantly revised to provide additions and
corrections to text and tables. These corrections and additions are a result of responses to this set of RAIs
and revised technical input. Enclosure 2 to this letter provides the revisions to FSAR 2.2 and changes are
identified with text strike-outs.



Question 02.02.03-7
RG 1.206 provides guidance regarding the information that is needed to ensure that potential hazards in
the site vicinity are identified and evaluated in order to meet the siting criteria in 10 CFR 100.20 and 10
CFR 100.21. BBNPP EPR COL FSAR Section 2.2.3.1.3 addresses toxic chemicals. For all chemicals,
including but not limited to sodium hypochlorite, ammonia, methane, dimethylamine, gasoline, and
hydrogen, whose control room inlet concentration exceeds the IDLH concentration, please demonstrate
that the concentration inside the control room is lower than the IDLH. Alternatively, demonstrate how
long the IDLH in the control room is exceeded by running the HABIT model as per the control room
habitability guidance provided in RG 1.78. Please provide the ALOHA modeled calculations package and
any others that apply.

Response

1. Chemicals where the control room intake concentration is above the IDLH

The peak concentration in the control room is shown in the last column of Table 2.2-10 of the COLA.
The peak control room concentration of chlorine resulting from a release of sodium hypochlorite is 4.94
ppm. The peak control room concentration of ammonia following a release from the Canadian Pacific
Railway is greater than the IDLH. The concentration as a function of time in the control room will be
examined below. The peak concentrations of methane following a release from the Transco pipeline and
the UGI pipeline are also greater than the IDLH. The concentration as a function of time in the control
room will be examined below.

For the on-site chemicals, the standoff distance was selected as the largest distance such that the peak
concentration in the control room does not exceed the IDLH. The minimum standoff distance that can be
modeled in ALOHA is 33 feet.

* The peak concentration of on-site gasoline in the control room is 500 ppm given a standoff
distance of 823 feet to the air intakes.

* The peak concentration of hydrogen in the control room is 4000 ppm, the IDLH, given a standoff
distance of 173 feet.

* The peak concentration of liquid nitrogen is 69,000 ppm, the IDLH, given a standoff distance of
375 feet.

" The Deposit Control Agent is bounded by the release of gasoline; therefore the peak
concentration will be less than the toxicity limits given a standoff distance of 823 feet to the air
intakes.

* The peak control room concentration of sulfur dioxide following a release of sodium bisulfite is
100 ppm, the IDLH, given a standoff distance of 479 feet.

" The peak concentrations in the control room following releases of on-site dimethylamine, argon,
methane, hydrogen cylinders, nitrogen cylinders and oxygen will be less than the IDLH for each
chemical for a standoff distance of 33 feet.

These results are shown in Table 2.2-10 of the COLA.

The only chemicals for which the concentration in the control room exceeds the IDLH are the ammonia
released from the railway and the natural gas (methane) released from the Transco pipeline and the UGI
pipeline.

Ammonia
The analysis of the release of 34,500 gallons (196,234 Ibm) of ammonia is included in Attachment
02.02.03-7(1) of this response. The peak concentration in the control room is 1,390 ppm, greater than the
IDLH of ammonia, 300 ppm. Attachment 02.02.03-7(1) shows that the concentration of ammonia in the



control room reaches the odor threshold for ammonia (< 50 ppm) about 6 minutes before the
concentration reaches the IDLH. This will provide greater than 2 minutes for the control room operators
to don a respirator. Since the indoor concentration as a function of time is difficult to view in the
ALOHA output, the indoor concentration was (Cr(tj) ) was computed in Attachment 02.02.03-7(1) using
Equation 7-1 presented below. The results of ALOHA show that after 1 hour, the puff will pass the
control room intakes, and the concentration of ammonia inside the control room will start to decrease.

Methane (Natural Gas)
The analysis of the release of natural gas from the Transco pipeline is included in Attachment 02.02.03-
7(1) of this response. The pipeline was modeled as a constant pressure source. The break of the pipeline
is conservatively assumed to be a constant release indefinitely. The concentration at the air intakes is
310,000 ppm and still increasing after 1 hour. The concentration in the control room is 17,700 ppm and
still increasing at 1 hour following the release. Attachment 02.02.03-7(1) shows that the concentration of
ammonia in the control room reaches the odor threshold for odorized natural gas (20 ppm) about 12
minutes before the concentration reaches the IDLH (5000 ppm). This will provide greater than 2 minutes
for the control room operators to don a respirator.

The analysis of the release of natural gas from the UGI pipeline is included in Attachment 02.02.03-7(1)
of this response. The pipeline was modeled as a constant pressure source. The break of the pipeline is
conservatively assumed to be a constant release indefinitely. The concentration at the air intakes is
65,000 ppm and steady state at 1 hour. The concentration in the control room is 14,200 ppm and still
increasing at 1 hour following the release. Attachment 02.02.03-7(1) shows that the concentration of
ammonia in the control room reaches the odor threshold for odorized natural gas (20 ppm) about 12
minutes before the concentration reaches the IDLH (5000 ppm). This will provide greater than 2 minutes
for the control room operators to don a respirator.

2. Length of time the concentration in the control room is above the 1DLH

The explanation below details the determination of the amount of time that the concentration of a
chemical is above the IDLH. As part of this response the following analysis was generated. ALOHA
does not report the concentration in the control room longer than one hour after the release. The equation
for the concentration inside the control room is taken from NUREG-0570, and is shown below.

Cr (tj) = Cr (tj_,) + [Co (ti)- Cr (t_,1 )]J1- exp-wA) (Eq. 7-1)

Where: Cr(tj) - Indoor concentration at the jth time step (lbm/ft3)
Co(tQ) - Air intake concentration at the jth time step (lbm/ft3)
W - Air exchange rate rate (exchanges/hr)
At - Time step (hr)

When the concentration at the air intakes is zero (when the puff has passed), this equation reduces to the
equation below.

Cr (tj) = Cr (tj_1) x expw"

Solving this equation for time leads to the equation below:



At=l r(tJ) -/_W
(,Cj tj-,)/-

The air exchange rate for the control room (W) is 0.3 times per hour. From this, the amount of time it
takes for the control room concentration to be halved, given an intake concentration of 0 ppm, is about 2.3

hours (= In(-' /(- 0.3)).

The peak concentration of ammonia in the control room is 4.63 times the IDLH. The amount of time
required to reduce the concentration of ammonia in the control room from the peak concentration to the

IDLH is 5.1 hours (= lIn{4 6/(- 0.3)).

The steady state concentration of natural gas at the air intakes from the UGI pipeline is 13 times the
IDLH. If the break from the pipeline is never isolated, the concentration in the control room will
eventually reach the steady state concentration at the air intakes. The amount of time required to reduce
the concentration of natural gas in the control room from the steady state concentration to the IDLH is 8.5

hours (=: ln~li)J (- 0.3)).

The steady state concentration of natural gas at the air intakes from the Transco pipeline is approximately
70 times the IDLH. If the break from the pipeline is never isolated, the concentration in the control room
will eventually reach the steady state concentration at the air intakes. The amount of time required to
reduce the concentration of natural gas in the control room from the steady state concentration to the

IDLH is 14.2 hours (= In(-' (-0.3)).

3. Discussion of Regulatory Guidance

Regulatory Guide 1.78 does not specify a requirement to determine the time that the concentration is
above the IDLH in the control room. In the Standard Review Plan (NUREG-0800), Section 6.4, it states
that three different toxicity categories must be met. These three categories are discussed in detail in the
response to RAI 02.02.03-5 above, and are summarized below. The Protective Action Limit is a 2 minute
limit during which control room operators would be expected to don a respirator. The Short Term Limit is
a 1 hour limit that a human could withstand without outside aide and with no serious side effects. The
Long Term Limit is the concentration that a person can be exposed to 8 hours a day 5 days a week and not
experience side effects.

The analysis presented here states that for chemicals where the peak concentration is above the IDLH (the
Protective Action Limit), the operators must be wearing respirators. When the operators are wearing
respirators, they are not exposed to the elevated concentrations in the, control room. Therefore, the
control room operators would not be exposed to elevated concentrations for the entire time that the
concentration in the control room is above the IDLH.



COLA Impact

There are no changes to the COLA based on responses to this RAI question. However, as described in
the RAI response cover letter, FSAR Section 2.2 has been significantly revised to provide additions and
corrections to text and tables. These corrections and additions are a result of responses to this set of RAls
and revised technical input. Enclosure 2 to this letter provides the revisions to FSAR 2.2 and changes are
identified with text strike-outs.



Attachment 02.02.03-7(l)

ALOHA Files for Ammonia and Methane Analyses



ALOHA® 5.4.1lText Summary

SITE DATA:
Location: BELL BEND, PENNSYLVANIA
Building Air Exchanges Per Hour: .3 (user specified)
Time: June 1, 2008 0100 hours EDT (user specified)

CHEMICAL DATA:
Chemical Name: AMMONIA Molecular Weight: 17.03 g/mol
ERPG-I: 25 ppm ERPG-2: 150 ppm ERPG-3: 750 ppm
IDLH: 300 ppm LEL: 160000 ppm UEL: 250000 ppm
Ambient Boiling Point: -29.00 F
Vapor Pressure at Ambient Temperature: greater than 1 atm
Ambient Saturation Concentration: 1,000,000 ppm or 100.0%

ATMOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 1 meters/second from E at 3 meters
Ground Roughness: open country Cloud Cover: 5 tenths
Air Temperature: 250 C Stability Class: F
No Inversion Height Relative Humidity: 50%

SOURCE STRENGTH:
Leak from hole in horizontal cylindrical tank
Flammable chemical escaping from tank (not burning)
Tank Diameter: 15 feet Tank Length: 26.1 feet
Tank Volume: 34500 gallons
Tank contains liquid Internal Temperature: -280 F
Chemical Mass in Tank: 196,234 pounds
Tank is 100% full
Circular Opening Diameter: 5 feet
Opening is 0 feet from tank bottom
Release Duration: 1 minute
Max Average Sustained Release Rate: 3,270 pounds/sec

(averaged over a minute or more)
Total Amount Released: 196,234 pounds
Note: The chemical escaped as a mixture of gas and aerosol (two phase flow).

THREAT ZONE: (GAUSSIAN SELECTED)
Model Run: Gaussian
Red : greater than 6 miles --- (300 ppm = IDLH)
Orange: greater than 6 miles --- (50 ppm)

THREAT AT POINT:
Concentration Estimates at the point:
Downwind: 8776 feet
Max Concentration:

Outdoor: 20,000 ppm
Indoor: 1,390 ppm

Off Centerline: 0 feet

Attachment 02.02.03-7(1)
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ALOHA® 5.4.1lToxic Threat Zone

Time: June 1, 2008 0100 hours EDT (user specified)

Chemical Name: AMMONIA

Wind: 1 meters/second from E at 3 meters

THREAT ZONE: (GAUSSIAN SELECTED)
Model Run: Gaussian
Red : greater than 6 miles -
Orange: greater than 6 miles -

- (300 ppm
- (50 ppm)

IDLH)

miles
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ALOHA® 5.4.1lConcentration at Point

Time: June 1, 2008 0100 hours EDT (user specified)

Chemical Name: AMMONIA

Building Air Exchanges Per Hour: .3 (user specified)

THREAT AT POINT:
Model Run: Gaussian
Concentration Estimates at the point:
Downwind: 8776 feet
Max Concentration:

Outdoor: 20,000 ppm
Indoor: 1,390 ppm

Off Centerline: 0 feet

ppm

30,000

20,000

10,000

0 TIDLH e LOC
600 20 40

minutes

Outdoor Concentration

Indoor Concentration

At Point: Downwind: 8776 feet Off Centerline: 0 feet
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Ammonia

Time
(min)
0.0

23.2
28.0
31.0
33.0
34.6
35.8
36.7
37.5

38.2
38.9
39.7
40.5
41.4
42.2
43.2
45.0
46.8
48.0
48.7
49.5
50.3
51.1
51.9
52.6
53.4
54.4
55.5
56.9
58.7

Outdoor
Concentration

(ppm)
0
0

400
1333
2666
4400
5800
7400
9000
10500
12000
13500
15100
16800
18200
19300
20200
19300
18050
16800
15100
13500
12000
10500
9000
7400
5800
4400
2666
1333

Indoor
Concentration
(Eq. 6.3-20)

(ppm)
0
0
9

29
55
90
124
157
192

228
269
322
381
455
526
619
795
961
1063
1118
1174
1223
1266
1303
1330
1354
1376
1393
1401
1401

IDLH
(ppm)
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
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Ammonia
A B C D

Outdoor
1 Time Concentration Indoor Concentration (Eq. 6:3-20) IDLH
2 (min) (ppm) (ppm) (ppm)
3 0 10 0 300
4 23.2 0 =C3+(B4-C3)*(1-EXP(-0.3*(A4-A3)/60)) 300
5 28 400 =C4+(B5-C4)*(1-EXP(-0.3*(A5-A4)/60)) 

300

6 31 1333 =C5+(B6-C5)*(1-EXP(-0.3*(A6-A5)/60)) 300
7 33 2666 =C6+(B7-C6)*(1-EXP(-0.3*(A7-A6)/60)) 300
8 34.6 4400 I=C7+(B8-C7)*(1 -EXP(-0.3*(A8-A7)/60)) 300
9 35.8 5800 =C8+(B9-C8)*(1 -EXP(-0.3*(A9-A8)/60)) 1300
10 36.7 7400 =C9+(B10-C9)*(1-EXP(-0.3*(A1 0-A9)/60)) 300
11 37.5 9000 -=Cl0+(Bl1-Cl0)*(1-EXP(-0.3*(A11-A1O)/60)) 300
12 38.2 10500 =C11+(B12-C11)*(1-EXP(-0.3*(A12-Al1)/60)) 300
13 38.9 12000 =C12+(B13-Cl2)*(l-EXP(-0.3*(A13-A12)/60)) 300
14 39.7 113500 f=Cl3+(B14-Cl3)*(l-EXP(-0.3*(Al4-A13)/60)) 1300
15 40.5 115100 =C14+(Bl5-C14)*(1-EXP(-0.3*(A15-Al4)/60)) 300
16 41.4 16800 =C15+(B16-Cl5)*(l-EXP(-0.3*(A16-Al5)/60)) 300
17 42.2 18200 =C16+(B17-C16)*(1-EXP(-0.3*(Al7-A16)/60)) 300
18 43.2 19300 =Cl7+(Bl8-Cl7)*(1-EXP(-0.3*(Al8-Al7)/60)) 300
19 45 20200 =Cl8+(Bl9-Cl8)*(l-EXP(-0.3*(Al9-A1l8)/60)) 300
20 46.8 119300 I=C19+(B20-C19)*(1-EXP(-0.3*(A20-Al9)/60)) 300
21 48 118050 =C20+(B21-C20)*(l-EXP(-0.3*(A21-A20)/60)) 300
22 48.7 16800 =C21+(B22-C21)*(l-EXP(-0.3*(A22-A21)/60)) 300
23 49.5 15100 =C22+(B23-C22)*(l-EXP(-0.3*(A23-A22)/60)) 300
24 50.3 13500 =C23+(B24-C23)*(1-EXP(-0.3*(A24-A23)/60)) 300
25 51.1 12000 =C24+(B25-C24)*(l -EXP(-0.3*(A25-A24)/60)) 300
26 51.9 110500 =C25+(B26-C25)*(1 -EXP(-0.3*(A26-A25)/60)) 1300
27 52.6 19000 =C26+(B27-C26)*(1 -EXP(-0.3*(A27-A26)/60)) 300
28 53.4 7400 =C27+(B28-C27)*(l-EXP(-0.3*(A28-A27)/60)) 300
29 54.4 5800 =C28+(B29-C28)*(1-EXP(-0.3*(A29-A28)/60)) 300
30 ! 55.5 4400 =C29+(B30-C29)*(l-EXP(-0.3*(A30-A29)/60)) 300
31 56.9 2666 =C30+(B31 -C30)*(1 -EXP(-0.3*(A31 -A30)/60)) 300
32 -58.7 11333 I=C31+(B32-C31)*(1-EXP(-0.3*(A32-A31)/60)) 300
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ALOHA@ 5.4.1•_
Text Summary

SITE DATA:
Location: BELL BEND, PENNSYLVANIA
Building Air Exchanges Per Hour: .3 (user specified)
Time: June 1, 2008 0100 hours EDT (user specified)

CHEMICAL DATA:
Chemical Name: METHANE Molecular Weight: 16.04 g/mol
TEEL-I: 3000 ppm TEEL-2: 5000 ppm TEEL-3: 25000 ppm
LEL: 44000 ppm UEL: 165000 ppm
Ambient Boiling Point: -259.20 F
Vapor Pressure at Ambient Temperature: greater than 1 atm
Ambient Saturation Concentration: 1,000,000 ppm or 100.0%

ATMOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 1 meters/second from n at 3 meters
Ground Roughness: open country Cloud Cover: 5 tenths
Air Temperature: 250 C Stability Class: F
No Inversion Height Relative Humidity: 50%

SOURCE STRENGTH:
Flammable gas escaping from pipe (not burning)
Pipe Diameter: 42 inches Pipe Length: 10000 meters
Unbroken end of the pipe is connected to an infinite source
Pipe Roughness: smooth Hole Area: 1,385 sq in
Pipe Press: 1214.7 psia Pipe Temperature: 250 C
Release Duration: ALOHA limited the duration to 1 hour
Max Average Sustained Release Rate: 440,000 pounds/min

(averaged over a minute or more)
Total Amount Released: 14,144,473 pounds

THREAT ZONE: (GAUSSIAN SELECTED)
Model Run: Gaussian
Red : greater than 6 miles --- (5000 ppm)

THREAT AT POINT:
Concentration Estimates at the point:
Downwind: 9779 feet Off Centerline: 0 feet
Warning: Higher concentrations occur after the first hour.
Max Concentration:(in the first hour)

Outdoor: 310,000 ppm
Indoor: 17,700 ppm

Attachment 02.02.03-7(1)
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ALOHA® 5.4.1lToxic Threat Zone

Time: June 1, 2008 0100 hours EDT (user specified)

Chemical Name: METHANE

Wind: 1 meters/second from n at 3 meters

THREAT ZONE: (GAUSSIAN SELECTED)
Model Run: Gaussian
Red : greater than 6 miles --- (5000 ppm)

miles
7.5

2.5

2.5
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10
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5 0 5
miles

10

= 5000 ppm
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C
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ALOHA® S.4.1•
Concentration at Point

Time: June 1, 2008 0100 hours EDT (user specified)

Chemical Name: METHANE

Building Air Exchanges Per Hour: .3 (user specified)

THREAT AT POINT:
Model Run: Gaussian
Concentration Estimates at the point:
Downwind: 9779 feet Off
Warning: Higher concentrations occur after
Max Concentration: (in the first hour)

Outdoor: 310,000 ppm
Indoor: 17,700 ppm

ppm

400,000

300,000

200,000

100,000

0

Centerline: 0 feet
the first hour.

Red LOC
0 20 40

minutes
Outdoor Concentration

Indoor Concentration

60

At Point: Downwind: 9779 feet Off Centerline: 0 feet
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Time
(min)
0.0
30.0
36.6
38.7
41.1
42.8
44.3
45.3
46.4
47.4
48.5
49.6
50.6
51.7
52.8
54.0
55.5
57.9

Outdoor
Concentration

(ppm)
0
0

10,000
20,000
40,000
60,000
80,000
100,000
120,000
140,000
160,000
180,000
200,000
220,000
240,000
260,000
280,000
300,000

Indoor
Concentration

(ppm)
0
0

325
530
1001
1500
2087
2575
3219
3901
4758
5719
6688
7858
9131
10632
12644
16072

IDLH
(ppm)
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
5000
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A [ B C D

Outdoor
1 Time Concentration Indoor Concentration IDLH
2 (min) (ppm) (ppm) (ppm)
3 0 0 0 5000
4 30 0 =C3+(B4-C3)*(1-EXP(-0.3*(A4-A3)/60)) 5000
5 *36.6 110000 =C4+(B5-C4)*(l-EXP(-0.3*(A5-A4)/60)) 5000
6 38.7 [20000 =C5+(B6-C5)*(1 -EXP(-0.3*(A6-A5)/60)) 5000
7 41.1 =B6+20000 =C6+(B7-C6)*(1 -EXP(-0.3*(A7-A6)/60)) 5000
8 42.8 =B7+20000 =C7+(B8-C7)*(1-EXP(-0.3*(A8-A7)/60)) 5000
9 44.3 =B8+20000 =C8+(B9-C8)*(1-EXP(-0.3*(A9-A8)/60)) 5000

10 45.3 =B9+20000 =C9+(B 1 0-C9)*(1 -EXP(-0.3*(A1l0-A9)/60)) 5000
11 46.4 1=B130+20000 I=C1 0+(B11-C1 0)*(l-EXP(-0.3*(A1 1-A10)/60)) 5000
12 47.4 =Bl1+20000 =C1 1+(Bl 2-C 11)*(l -EXP(-0.3*(A12-A1 1)/60)) 5000
13 48.5 =B132+20000 =C12+(B1 3-C12)*(1-EXP(-0.3*(A1 3-A12)/60)) 5000
14 49.6 =B13+20000 =C13+(B14-C13)*(1-EXP(-0.3*(A14-A13)/60)) 5000
15 50.6 =B14+20000 =C14+(B15-C14)*(1-EXP(-0.3*(A15-Al4)/60)) 5000
16 51.7 =B1 5+20000 =C1 5+(B16-C15)*(1-EXP(-0.3*(A1 6-Al 5)/60)) 5000
17 52.8 =B16+20000 =C1 6+(Bl 7-C1 6)*(l-EXP(-0.3*(Al 7-A16)/60)) 5000
18 54 =B137+20000 =Cl 7+(Bl 8-Cl 7)*(l-EXP(-0.3*(Al 8-Al 7)/60)) 5000
19 55.5 =B138+20000 =C1 8+(B 9-CCl8)*(l-EXP(-0.3*(Al 9-A18)/60)) 5000
20 57.9 =B139+20000 =C 1 9+(B20-C1 9)*(l -EXP(-0.3*(A20-Al 9)/60)) 5000
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ILText Summary ALOHA® 5.4.1

SITE DATA:
Location: BELL BEND, PENNSYLVANIA
Building Air Exchanges Per Hour: .3 (user specified)
Time: June 1, 2008 0100 hours EDT (user specified)

CHEMICAL DATA:
Chemical Name: METHANE Molecular Weight: 16.04 g/mol
TEEL-1: 3000 ppm TEEL-2: 5000 ppm TEEL-3: 25000 ppm
LEL: 44000 ppm UEL: 165000 ppm
Ambient Boiling Point: -259.20 F
Vapor Pressure at Ambient Temperature: greater than 1 atm
Ambient Saturation Concentration: 1,000,000 ppm or 100.0%

ATMOSPHERIC DATA: (MANUAL INPUT OF DATA)
Wind: 1 meters/second from e at 3 meters
Ground Roughness: open country Cloud Cover: 5 tenths
Air Temperature: 250 C Stability Class: F
No Inversion Height Relative Humidity: 50%

SOURCE STRENGTH:
Flammable gas escaping from pipe (not burning)
Pipe Diameter: 12 inches Pipe Length: 13700 feet
Unbroken end of the pipe is connected to an infinite source
Pipe Roughness: smooth Hole Area: 113 sq in
Pipe Press: 332.7 psia Pipe Temperature: 250 C
Release Duration: ALOHA limited the duration to 1 hour
Max Average Sustained Release Rate: 5,340 pounds/min

(averaged over a minute or more)
Total Amount Released: 231,552 pounds

THREAT ZONE:
Model Run: Gaussian
Red : 1216 yards --- (25000 ppm = TEEL-3)
Orange: 1.9 miles --- (5000 ppm = TEEL-2)
Yellow: greater than 6 miles --- (20 ppm)

THREAT AT POINT:
Concentration Estimates at the point:
Downwind: 2123 feet
Max Concentration:

Outdoor: 65,000 ppm
Indoor: 14,200 ppm

Off Centerline: 0 feet

Attachment 02.02.03-7(1)
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ALOHA® 5.4.1OToxic Threat Zone

Time: June 1, 2008 0100 hours EDT (user specified)

Chemical Name: METHANE

Wind: 1 meters/second from e at 3 meters

THREAT ZONE:
Model Run: Gaussian
Red : 1216 yards -
Orange: 1.9 miles --
Yellow: greater than

miles
7.5

(25000 ppm = TEEL-3)
(5000 ppm = TEEL-2)

6 miles --- (20 ppm)

2.5

0

2.5

7.5
10 5 0 5

miles
10

E-JI"J
>= 25000 ppm = TEEL-3

TEEL-2>= 5000 ppm =

>= 20 ppm

Confidence Lines
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ALOHA® 5.4.1•
Concentration at Point

Time: June 1, 2008 0100 hours EDT (user specified)

Chemical Name: METHANE

Building Air Exchanges Per Hour: .3 (user specified)

THREAT AT POINT:
Model Run: Gaussian
Concentration Estimates at the point:
Downwind: 2123 feet
Max Concentration:

Outdoor: 65,000 ppm
Indoor: 14,200 ppm

ppm

80,000

Off Centerline: 0 feet

TEEL-3

TEEL-2
Yellow LOC

60,000

40,000

20,000

0
0 20 40 60

minutes
Outdoor Concentration

Indoor Concentration

At Point: Downwind: 2123 feet Off Centerline: 0 feet
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Part 2: Final Safety Analysis Report Nearby Industrial, Transportation And Military Facilities

2.2 NEARBY INDUSTRIAL, TRANSPORTATION AND MILITARY FACILITIES

This section of the U.S. EPR FSAR is incorporated by reference with the following supplements.

The U.S. EPR FSAR includes the following COL Item in Section 2.2:

A COL applicant that references the U.S. EPR design certification will provide site-specific
information related to the identification of potential hazards stemming from nearby
industrial, transportation, and military facilities within the site vicinity, including an
evaluation of potential accidents (such as explosions, toxic chemicals, and fires).

This COL Item is addressed as follows:

{This section also establishes whether the effects of potential accidents in the vicinity of the
BBNPP site from present and projected industrial, transportation, and military installations and
operations should be used as design basis events for plant design parameters related to the
selected accidents.

Significant facilities and activities within 5 mi (8 km) and major airports within 10 mi (16 km) of
the BBNPP site were identified. These facilities and activities, and significant facilities at greater
distances, were evaluated in accordance with Regulatory Guide 1.206 (NRC, 2007b), Regulatory
Guide 1.91 (NRC, 1978a), Regulatory Guide 4.7 (NRC, 1998), and relevant sections of both 10
CFR Part 100 (CFR, 2007d) and 10 CFR Part 50 (CFR, 2007b).

2.2.1 LOCATION AND ROUTES

An investigation of industrial, transportation, and military facilities within 5 mi (8 km) of the
BBNPP site identified the following significant industrial and transportation facilities for further
evaluation:

* Industrial Facilities

* Deluxe Building Systems

* Heller's Gas and Custom Made Fireplaces

* Western International Distribution Center

* Susquehanna Steam Electric Station (SSES) Units 1 and 2

* Pipelines

* Williams Gas Pipeline- Transco Natural Gas Pipelines (3 pipelines)

* UGI Penna Natural Gas Pipelines (2 pipelines)

* Sunoco Gasoline, Diesel Fuel, and Heating Oil Pipeline (I pipeline)

* Waterways

* Susquehanna River

* Highways

* Interstate 80
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* Interstate 81

* U.S. Route 11

* Pennsylvania State Route 93

* Pennsylvania State Route 239

* Railroads

* Canadian Pacific Railway

* North Shore Railroad

* Airports

* SSES Helipad

* Berwick Hospital Heliport

* Airways

* Federal Airway V499

* Federal Airway V106

An investigation of additional industrial, military, and transportation facilities within 5 to 10 mi
(8 to 16 km) of the BBNPP site identified the following transportation facilities for further
evaluation:

* Airports

* Sutliff Private Airport

* Double D Skyranch Airport

* Barratta Heliport

* Airways

* Federal Airway Vi 64

* Federal Airway V232

Figure 2.2-1 is a site vicinity map that shows the location of identified industrial and
transportation facilities, with the exception of airways, within 5 mi (8 km) of the BBNPP site.
Figure 2.2-2 illustrates the airports and airway routes within 10 mi (16 km) of the BBNPP site.

An investigation of additional facilities, routes, or activities located at a distance greater than
10 mi (16 km) from the BBNPP site identified the following airways that may represent hazards
of sufficient significance to be included for further evaluation:

* Airways

* Federal Airway Vi 88/226
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+ Military Training Route VR707.

2.2.2 DESCRIPTIONS

Descriptions of the industrial, transportation, and military facilities located in the vicinity of the
BBNPP site are provided in this section. The facilities described include those facilities
identified in Section 2.2.1 that could represent potential hazards for the BBNPP site.

Section 2.2.2.1 through Section 2.2.2.8 are added as a supplement to the U.S. EPR FSAR.

2.2.2.1 Description of Facilities

In accordance with 10 CFR 50.34 (CFR, 2007c) and Regulatory Guide 1.206 (NRC, 2007b), four
facilities were identified for review: SSES Units I and 2, Deluxe Building Systems, Heller's Gas
and Custom Made Fireplaces, and Western International Distribution Center. Nearby sand and
gravel facilities were not evaluated due to the low hazard posed by these facilities, which do
not store or use explosives.

Table 2.2-1 provides a concise description of these facilities, including the primary functions
and major products, as well as the number of persons employed. A more detailed description is
provided in Section 2.2.2.2.1 through Section 2.2.2.2.5

2.2.2.2 Description of Products and Materials

A more detailed description of each of these facilities, including a description of the products
and materials regularly manufactured, stored, used, or transported is provided in the
subsequent sections. The chemicals identified for possible analysis and their locations
associated with SSES Units 1 and 2 are presented in Table 2.2-2. The analysis of hazards
associated with the chemicals for the four identified facilities is addressed in Section 2.2.3, and
the disposition of hazards associated with these chemicals is summarized in Table 2.2-5 and
Table 2.2-6.

2.2.2.2.1 SSES Units 1 and 2

The southwest corner of the existing SSES reactor building is located approximately 1,655 feet
(504 m) north and 4,732 feet (1,442 m) east of the BBNPP reactor building. SSES Unit 1 and
Unit 2 are both boiling water reactors (BWRs) licensed by the NRC. SSES Unit 1 has a generating
capacity of 1.1E54225 MWe, and has been in commercial operation since 1983. SSES Unit 2 has I
a generating capacity of I 1_1-1,-80 MWe, and SSES Unit 2 has been in commercial operation
since 1985. (NRC, 2008a) (NRC, 2008b).

2.2.2.2.2 Deluxe Building Systems

The Deluxe Building Systems facility is located approximately 4.6 mi (7.4 km) southwest of the
BBNPP site. The activities at this site include manufacturing prefabricated buildings, including
single and multi-family homes, apartment buildings, hotels, and other buildings (Deluxe, 2008).

2.2.2.2.3 Heller's Gas and Custom Made Fireplaces

The Heller's Gas and Custom Made Fireplaces facility is located approximately 1.9 mi (3.1 km)
southeast of the BBNPP site. The activities at this site include selling propane to residential,
commercial, and industrial customers (Heller's Gas, 2008).
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2.2.2.2.4 Western International Distribution Center

The Western International Distribution Center facility is located approximately 1.3 mi (2.1 km)
south-southeast of the BBNPP site. This facility is a distribution center for acetylene, cylinders,
and valves.This facility, Which is slated to open during the summer of 2008, will be a distribution
center for acetylene. This facility does not have access to any railroads, with incoming and
outgoing shipments delivered by truck only.

2.2.2.2.5 Mining Activities

There are no mining activities above or underground-within 5 mi (8 km) of the BBNPP site
except for nearby sand and gravel facilities that were not evaluated due to the low hazard
posed by these facilities.

2.2.2.3 Pipelines

Five natural gas distribution pipelines and one oil pipeline are located within 5 mi (8 km) of the
BBNPP site as depicted in Figure 2.2-1. More detailed information about these six pipelines,
including size, age, operating pressure, depth of burial, and isolation valve type and location
descriptions, is included in Table 2.2-11.

Williams Gas Pipeline - Transco operates a pipeline corridor approximately 1.9 mi (3.1 km) north
of the BBNPP at the nearest approach. The three Williams Gas Pipelines - Transco pipelines in
the corridor carry natural gas and are not expected to carry a different product in the future.

UGI Penna Natural Gas operates a pipeline corridor (formerly owned by PG Energy)
approximately 0.4 mi (0.6_km) north of the BBNPP at the nearest approach. The two UGI
pipelines in the corridor carry natural gas and are not expected to carry a different product in
the future.

Sunoco operates an oil pipeline approximately 2.0 mi (3.2 kin) northeast of the BBNPP at the
nearest approach. Sunoco also owns another oil pipeline (formerly owned by Arco and
Atlantic), but the pipeline is not actively operated and is expected to remain inactive. The
active Sunoco pipeline carries gasoline, diesel fuel, and heating oil and is not expected to carry
a different product in the future.

2.2.2.4 Description of Waterways

The Susquehanna River is located approximately 1.4 mi (2.3 kin) south of the BBNPP at the
nearest approach. The river bends from a north to south to an east to west flow as it
approaches the area around the BBNPP site; therefore, the river is close to the south and east
sides of the BBNPP site. However, in the vicinity of the BBNPP site, the water level of the river is
too low to allow for navigation of any watercraft other than recreational watercraft.

2.2.2.5 Highways

U.S. Route 11, a north-south highway runs east and then south of the BBNPP site. Its closest
approach is approximately 1.1 mi (1.8 km) south of the site. U.S. Route 11 is the main road
through the boroughtew- of Berwick. Access to the site from U.S. Route 11 is via North Market
Street, Confers Lane, and Beach Grove Road. Table 2.2-12 provides a concise desription of U.S.
Route 11 and the following highways, including the closest approach and access points to the
site.

Other major-st#e highways within 5 mi (8 km) of the site are Pennsylvania State Route (SR) 93
and SR 239. The closest approach of SR 93 is approximately 2.3 mi (3.7 kin) to the southwest.
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The closest approach of SR 239 is approximately 2.0 mi (3.2 km) to the southeast. The BBNPP
site cannot be accessed via either SR 93 or SR 239, but both routes connect to U.S. Route 11.

Two interstate highways (1-80 and 1-81) are located within 10 mi (16 km) of the BBNPP site. The
closest approach of 1-80 to the site is approximately 4.7 mi (7.6 km) to the south. However, most
of 1-80 is located more than 5 mi (8 kin) south of the site. 1-80 bends to the north at a point
directly south of the site, but quickly bends south again. Therefore, only a small portion of 1-80
is within 5 mi (8 km) of the site. The closest approach of 1-81 is approximately 8.4 mi (13.5 km)
to the southeast. (ESRI, 2008)

Information is not available about the materials transported on the roads in the vicinity of
BBNPP; therefore, Superfund Amendments and Reauthorization Act (SARA) Title III, Tier II
reports for facilities within 5 mi (8 km) of BBNPP and the results of a survey were reviewed to
determine chemicals that may be transported in the vicinity of BBNPP. However, when
considering the locations of the facilities that may receive shipments of hazardous materials
and the locations of the major roads (namely, 1-80, 1-81, U.S. Route 11, SR 93 and SR 239), it
seems likely that normal delivery routes would exist along U.S. Route 11 for locations in the
immediate area near BBNPP or in Shickshinny. Delivery routes along the other major roads
appear to deliver shipments to facilities farther away from BBNPP.

2.2.2.6 Railroads

There are two railroad lines located within 5 mi (8 km) of the site. According to Columbia
County, both railroads transport hazardous and non-hazardous material, with the majority of
shipments being timber products.

The North Shore (formerly Conrail) line, approximately 0.9 mi (1.4 km) east of the BBNPP site, is
the nearest railroad line to the plant with a spur serving the SSES site. The only traffic on this
line goes to the SSES site and would carry materials needed at SSES and at BBNPP by extending
the spur to the site.= Trains on this line are very sporadic, with only a small number of trains
each year. The railroad, north of the SSES site (Luzerne County, 2008), has been converted to a
bike and walking trail, called the Susquehanna Warrior Trail.

The Canadian Pacific (formerly Delaware and Hudson Railway Company) line is located on the
east bank of the Susquehanna River. Its closest approach to the site is approximately 1.5 mi
(2.4 km) to the east. Trains run several times a day each day on this line. Table 2.2-7 details
chemicals transported on the Canadian Pacific railroad in Columbia County; it can be assumed
that these chemicals would also be transported along the railroad in Luzerne County as well.

2.2.2.7 Aircraft and Airway Hazards

Regulatory Guide 1.70 (NRC, 1978b), Regulatory Guide 1.206 (NRC, 2007b), and NUREG- 0800
(NRC, 2007a) require that the risks due to aircraft hazards are sufficiently low. In accordance
with Regulatory Guide 1.206 and Regulatory Guide 1.70, one heliport (Berwick Hospital
Heliport), and one helipad (SSES Helipad) were identified within a 5 mi (8 km) radius of the
BBNPP site. Additionally, Regulatory Guide 4.7 (NRC, 1998) requires that major airports within
10 mi (16 km) be identified. In the vicinity of the BBNPP site, there are an additional two airports
and one heliport located within 5 to 10 mi (8 tol 6 km).

A more detailed description of each of these airports is presented in the subsequent sections,
including distance and direction from the site, number and type of aircraft based at the airport,
largest type of aircraft likely to land at the airport facility, runway orientation and length,
runway composition, hours attended, and yearly operations where available. Information

BBNPP 2-54 Rev. Id
© 2008 UniStar Nuclear Services, LLC. All rights reserved.

COPYRIGHT PROTECTED



Part 2: Final Safety Analysis Report Nearby Industrial, Transportation And Military Facilities

pertaining to airports located within 10 mi (16 km) of the site is presented in tabular form in
Table 2.2-4 (AirNav, 2008) (FAA, 2007). Similar information regarding the closest major airports
in the region is also presented in this table to ascertain whether these airports are or may be of
significance in the future.

2.2.2.7.1 Airports

2.2.2.7.1.1 SSES Helipad

The SSES Helipad is owned by PPL and is located on the north side of the entrance road to SSES.
This helipad is privately owned for private use located approximately 1.4 mi (2.3 km) westeast
of the BBNPP site. The helipad is approximately 100 ft (31 m) long by 100 ft (31 m) wide and is
asphalt. Flights are approximately once per year and are usually due to a medical emergency,
contaminated worker training activity or drill, dignitary visits, or related to State Police
activities. No aircraft are based at this helipad. The number of operations per year by aircraft
type and flying patterns are not available. The helipad requires permission to land and use is
considered sporadic; therefore, further evaluation is not warranted.

2.2.2.7.1.2 Berwick Hospital Heliport

Berwick Hospital Heliport is a privately owned heliport for medical use located approximately
3.4 mi (5.5 km) west of the BBNPP site. Helipad H1 is 200 ft (61 m) long by 200 ft (61 m) wide
and is asphalt (AirNav, 2008). The number of aircraft based at the heliport, number of
operations per year by aircraft type, flying patterns, and future plans are not available for this
heliport. Flights are determined by medical emergencies and, as such, further evaluation is not
warranted.

2.2.2.7.1.3 Sutliff Private Airport

Sutliff Private Airport is a privately owned airport for private use located approximately 5.6 mi
(9.0 km) northwest of the BBNPP site. Runway N/S is 1,200 ft (366 m) long by 100 ft (31 m) wide
and is turf (AirNav, 2008). The number of aircraft based at the heliport, number of operations
per year by aircraft type, flying patterns, and future plans are not available for this airport. This
airport requires permission to land and use is considered sporadic; therefore, further evaluation
is not warranted.

2.2.2.7.1.4 Double D Skyranch Airport

Double D Skyranch Airport is a privately owned airport for private use located approximately
5.7 mi (9.2 km) east-southeast of the BBNPP site. Runway 8/26 is 1,835 ft (559 m) long by 100 ft
(31 m) wide and is turf. Runway 8/26 is marked by white tires that are 150 ft (46 m) apart. Five
aircraft are based at this airport: one single engine airplane and four ultralights (AirNav, 2008).
The number of operations per year by aircraft type, flying patterns, and future plans are not
available for this airport. This airport requires permission to land and use is considered
sporadic; therefore, further evaluation is not warranted.

2.2.2.7.1.5 Barratta Heliport

Barratta Heliport is a privately owned heliport for private use located approximately 6.4 mi
(10.3 km) east-northeast of the BBNPP site. Helipad HI is 400 ft (122 m) long by 300 ft (91 m)
wide and is turf. One aircraft is based at the airport, which is a helicopter (AirNav, 2008). The
number of operations per year by aircraft type, flying patterns, and future plans are not
available for this airport. The heliport requires permission to land and use is considered
sporadic; therefore, further evaluation is not warranted.

BBNPP 2-55 Rev. Id
© 2008 UniStar Nuclear Services, LLC. All rights reserved.

COPYRIGHT PROTECTED



Part 2: Final Safety Analysis Report Nearby Industrial, Transportation And Military Facilities

2.2.2.7.2 Aircraft and Airway Hazards

Regulatory Guide 1.70, Regulatory Guide 1.206, and NUREG-0800 indicate that the risks due to
aircraft hazards should be sufficiently low. Further, aircraft accidents that could lead to
radiological consequences in excess of the exposure guidelines of 10 CFR 50.34(a)(1) with a
probability of occurrence greater than 1 .OE-7 per year should be considered in the design of the
plant.

NUREG-0800, Section 3.5.1.6 provides a three part acceptance criteria test for concluding the
probability of aircraft accidents to be less than 1.0E-7 per year: (A) meeting (i) plant-to-airport
distance and (ii) projected annual number of operations criteria; (B) meeting (i) plant is at least
5 mi (8 km) from military training routes and (ii) the number of associated annual operations is
less than 1000; and (C) plant is at least 2.0 statute mi (3.2 km) beyond the nearest edge of a
federal airway.

Based on the study of design features, such as hardened construction, shielding by other
Category I buildings, and/or space separation to prevent losing needed function in one aircraft
accident, that are incorporated into the design of most Category I Structures (documented in
the various subsections of Section 3.8.1 of U.S. EPR FSAR), these Category I structures are not
vulnerable to aircraft hazard:

Reactor Containment Building,

* Fuel Handling Building,

Safeguard Buildings, and

Emergency Power Generation Buildings.

Therefore, the only Category I Structure requiring specific assessment for aircraft hazards is the
ESWEMS Pumphouse.

The nearest public airport is the Hazelton Municipal Airport, which is located 11.3 mi (18.2 km)
from the center of containment for BBNPP. At this distance, the threshold of number of annual
operations from proximity criterion (A)(i) of the acceptance criteria section of Section 3.5.1.6 is
127,234 operations per year. As Table 2.2-4 shows, the projected number of annual operations
at this airport through 2025 is 34,837 operations (FAA, 2007). The 2025 projected number of
annual operations is less than the threshold number of 127,234 operations for this airport. For
the other public airports in Table 2.2-4, the separation distance is greater than that for the
Hazelton Municipal Airport. The threshold number of annual operations increases with the
distance squared, and the data in the table shows that in terms of best available information
(that is, either the 2025 projection of number of annual operations or the latest available
number of operations), the separation criteria of Section 3.5.1.6 will be met by all listed public
airports in Table 2.2-4.

Table 2.2-4 shows that there are several private airports, helipads, and heliports within the
vicinity of the BBNPP site. The exact number of operations at the airports, helipad, or heliport is
not available, but operations can be considered to be sporadic due to their private ownership.
As stated earlier, these airports, heliports, and helipads do not require further hazard
evaluations due to their private ownership and sporadic operations that are most likely below
the proximity criteria.

The closest military training route is VR 707, located 18.9 mi (30.4 km) from the center of
containment for BBNPP. This meets the distance screening criterion of 5 mi (8 km) in criterion B
in the acceptance criteria section of NUREG-0800, Section 3.5.1.6. The FAA has been contacted
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to verify that the number of operations does not exceed 1,000 operations per year for this
training route. This information will be updated once the FAA responds to our request for
information.

There are 5 federal airways: V499, Vi 06, VI 64, V232 and V1 88/226 near BBNPR Two of these,
V499 and V1 06, do not meet the screening criterion of 2.0 mi (3.2 km) in criterion C of the
acceptance criteria section of NUREG-0800, Section 3.5.1.6. V164 and V232 meet this distance
criterion closely; V1 88/226 meets the distance criterion comfortably. The probability approach
described in Section 111.2 of NUREG-0800, Section 3.5.1.6 was used with the information and
methodology presented in Appendix B of DOE Standard 3014-96 (DOE, 1996) to calculate the
probability of an aircraft crash into the ESWEMS Pumphouse. The DOE standard requires the
annual number of operations for each airway and the breakdown of types of aircraft (i.e.,
general aviation, military aviation, and commercial aviation).

The number of annual operations for each airway from the SSES Units I and 2 FSAR was used
due to the unavailability of more current information. The FAA has been contacted to verify
that the number of operations for these 5 federal airways yields conservative results. This
information will be updated once the FAA responds to our request for information.

The breakdown of the type of aircraft per airway was not available. Therefore, three cases were
calculated: (1) all flights were for general aviation uses, (2) general aviation, military aviation
and commercial aviation each account for one-third of all flights in the subject federal airways,
and (3) no general aviation flights in the subject airways, and the military aviation and the
commercial aviation account for the flights equally:

* Case 1: General aviation accounts for all flights in the subject airways. The calculated
crash probability into the ESWEMS Pumphouse is 5.1 E-7 per year.

* Case 2: General aviation, military aviation and commercial aviation each account for
one-third of all flights in the subject federal airways. The calculated crash probability
into the ESWEMS Pumphouse is 1.8E-7 per year.

Case 3: There are no general aviation flights in the subject airways, and the military
aviation and the commercial aviation account for the flights equally. The calculated
crash probability into the ESWEMS Pumphouse is 2.1 E-8 per year.

Applicable flight information to the airways and breakdown of that information into flight
types is necessary~determines design requirements. Aircraft crashes will be considered in the
final design either by separation Or hardening. The FAA has been c.ntacted to ve.i. ' the
brcakdown of the type and numbcr of air..aft for these 5 federal airways. This •i•nforation wil
be updated on.e the FAA responds to our request for infOrmation. Refer to Setion 3.5.Unless
the collected data leads to an acceptable probability level, aircraft crashes need to be
considered in final design either by separation or by hardening.

2.2.2.8 Projections of Industrial Growth

Overall, a small percentage of Luzerne County is industrial, with the majority of industries in the
larger cities of Wilkes-Barre, Pittson, and Hazelton. The major industry in Salem Township is
SSES Units 1 and 2. Salem Township also includes part of Berwick, which includes several
industrial areas (Lackawanna-Luzerne, 2007).

Luzerne County is in the process of developing a county comprehensive plan in a joint effort
with nearby Lackawanna County. Therefore, no industrial growth projections are available for
Luzerne County. However, the Luzerne County Office of Community Development released

BBNPP 2-57 Rev. Id
© 2008 UniStar Nuclear Services, LLC. All rights reserved.

COPYRIGHT PROTECTED



Part 2: Final Safety Analysis Report Nearby Industrial, Transportation And Military Facilities

their "Action Plan" for 2007 to 2008 and Columbia County's comprehensive plan provides some
insight into the industrial growth in that county.

The Luzerne County Office of Community Development's action plan identified several
economic development needs in Salem Township, including acquiring and developing 120 ac_
(48 ha) of land for a business/industrial park and constructing another building in the SalemI
Industrial Estates industrial park (Luzerne County, 2007). Therefore, it can be inferred that the
Office of Community Development expects to attract more industries to Salem Township,
which is within the vicinity of the BBNPP site.

A review of nearby Columbia County's Comprehensive Plan shows that approximately 1,860 ac
(753 ha) of the 83,134 zoned ac (33,643 ha) are zoned as industrial, while most of the land in the
county is agricultural or open space. Within Berwick, which is in Columbia County, there are 2
industrial parks: the Berwick Industrial Park and the Briar Creek Industrial Park. The Berwick
Industrial Park is located on the west side of Berwick, north of U.S Route 11, approximately
4.0 mi (6.4 km) southwest of the BBNPP site; the Briar Creek Industrial Park is located 6.0 mi (9.7
kin) southwest of BBNPP. The plan states that through the year 2010, an additional 20 ac (8 ha)
would be required for industries. However, a 1989 study showed that an additional 9.7 ac 3 ha)
of land per year would be needed for industrial purposes. Therefore, approximately 136 ac
(55 ha) may be required for industries through 2010.

Significant industrial facilities located within 5 mi (8 kin) of the BBNPP site are shown on
Figure 2.2-1, and a concise description of these facilities is provided in Table 2.2-1. A review of
available Luzerne County planning documents does not indicate any future projections of
major military or transportation (MPO, 2008) facilities located within the vicinity of the BBNPP
site with the exceptions of the future industrial development in Salem Township and the
construction of BBNPP site.}

2.2.3 EVALUATION OF POTENTIAL ACCIDENTS

The U.S. EPR FSAR includes the following COL Item in Section 2.3:

A COL applicant that references the U.S. EPR design certification will provide information
concerning site-specific evaluations to determine the consequences that potential
accidents at nearby industrial, transportation, and military facilities could have on the site.
The information provided by the COL applicant will include specific changes made to the
U.S. EPR design to qualify the design of the site against potential external accidents with an
unacceptable probability of severe consequences.

This COL Item is addressed as follows:

{On the basis of the information provided in Section 2.2.1 and Section 2.2.2, the potential
accidents to be considered as design-basis events and the potential effects of those accidents
on the nuclear plant, in terms of design parameters (e.g., overpressure, missile energies) or
physical phenomena (e.g., impact, flammable or toxic clouds) were identified in accordance
with 10 CFR 20 (CFR, 2007a), 10 CFR 52.79(a)(1)(vi) (CFR, 2007g), 10 CFR 50.34 (CFR, 2007c), 10
CFR 100.20 (CFR, 2007e) 10 CFR 100.21 (CFR, 2007f), Regulatory Guide 1.70 (NRC, 1978b),
Regulatory Guide 1.78 (NRC, 2001), Regulatory Guide 1.91 (NRC, 1978a), Regulatory Guide
1.206 (NRC, 2007b), and Regulatory Guide 4.7 (NRC, 1998). The events are discussed in the
following sections.

Sections 2.2.3.1 and 2.2.3.2 are added as a supplement to the U.S. EPR FSAR.
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2.2.3.1 Determination of Design-Basis Events

Design-basis events internal and external to the nuclear plant are defined as those accidents
that have a probability of occurrence on the order of magnitude of 1 .0E-7 per year, or greater,
with the potential consequences serious enough to affect the safety of the plant to the extent
that the guidelines in 10 CFR Part 100 (CFR, 2007d) could be exceeded. The following accident
categories were considered in selecting design-basis events: explosions, flammable vapor
clouds (delayed ignition), toxic chemicals, fires, collisions with intake structure, liquid spills, and
radiological hazards. The postulated accidents that would result in a chemical release were
analyzed at the following locations:

* Nearby transportation routes such as U.S. Route 11, the Susquehanna River, the
Canadian Pacific Railway, and nearby natural gas pipelines.

* Nearby chemical and fuel storage facilities (industry in the towns of Berwick,
Nescopeck, and Shickshinny).

* Adjacent site chemical storage (SSES Units 1 and 2) and onsite chemical storage
(BBNPP).

2.2.3.1.1 Explosions

Accidents involving detonations of high explosives, munitions, chemicals, or liquid and
gaseous fuels were considered for facilities and activities in the vicinity of the plant or onsite,
where such materials are processed, stored, used, or transported in quantity. The effects of
explosions are a concern in analyzing structural response to blast pressures. The effects of blast
pressure from explosions from nearby railways, highways, navigable waterways, or facilities to
critical plant structures were evaluated to determine if the explosion would have an adverse
effect on plant operation or would prevent a safe shutdown.

The allowable and actual distances of hazardous chemicals transported or stored were
determined in accordance with NRC Regulatory Guide 1.91, Revision 1, Evaluations of
Explosions Postulated to Occur on Transportation Routes Near Nuclear Power Plants (NRC,
1978a). Regulatory Guide 1.91 cites I psi (6.9 kPa) as a conservative value of peak positive
incident overpressure, below which no significant damage would be expected. Regulatory
Guide 1.91 defines this safe distance by the relationship R _ kW-144 where R is the distance in
feet from an exploding charge of W pounds of TNT; and the value k is a constant. The TNT mas-
equivalent, W, was detcrmnincd following guidance in RegulatorFy Guide 1.91, where W is taken-
as being 2460% of the explosive mass of the chemical.For hydrocarbons, the TNT mass
equivalent. W. was determined following guidance in Regulatory Guide 1,91, where W is taken
as being 240% of the explosive mass of the chemical. For non-hydrocarbons (ammonia and
hydrogen), an equation from the Fire Protection Engineering Handbook (SFPE, 1995)
comparing the heats of combustion to TNT was also used to determine the TNT mass
equivalent. A second method, also using the idea of TNT equivalence, based on equations in
NUREG/CR-2462 (NRC. 1983). was also used to determine the allowable distance. The limiting
explosive standoff distance between the Regulatory Guide 1.91 method and the NUREG/CR-
2462 method is the distance listed below and in Table 2.2-8.

Conservative assumptions were used to determine a safe distance, or minimum separation
distance, required for an explosion to have less than I psi (6.9 kPa) peak incident pressure. 4+-
each of the explosion scenario analyses, an explosion yield factor of 100 percent was applied to
accoun.t fWra nin vessel . onfined explosion. The yield factor is an estimation of the the
available Eomfbustion energy released during the explosion as well as a mneasurce of the
explosion confinement (NRC, 2004a). This is a conservative assumption because a 100 pere

BBNPP 2-59 Rev. Id
© 2008 UniStar Nuclear Services, LLC. All rights reserved.

COPYRIGHT PROTECTED



Part 2: Final Safety Analysis Report Nearby Industrial, Transportation And Military Facilities

yield fact•or is not ache'yable (FMIC, 2005):When the heat of combustion method was used, an
explosion yield factor of 10 percent was applied. The yield factor is an estimation of the
available combustion energy released during the explosion as well as a measure of the
explosion confinement (NRC. 2004a). Use of a 10 percent yield is conservative because it is the
highest in the range of expected yields based on testing results (SFPE, 1995):

* For some atmospheric liquids (i.e., dieselgasoline, toluene, etc.) the storage vessel was
assumed to contain the full volumequn..t.y of fuel vapors, in air at the upper explosive"
4mW This is conservative because this scenario produces the maximum flammable
mass given that it is the fuel vapor, not the liquid fuel that explodes (NRC, 2004a). These
assumptions are consistent with those used in Chapter 15 of NUREG-1 805 (NRC, 2004a).

* For compressed or liquified gases (i.e., propane, hydrogen), it was conservatively
assumed that the entire content of the storage vessel will be between the upper and
lower explosive limits, given that the instantaneous depressurization of the vessel
would result in vapor concentrations throughout the explosive range at varying
pressures and temperatures that could not be assumed. Therefore, the entire content of
the storage vessel was considered as the flammable mass.

The adjacent site and on-site chemicals (Table 2.2-5), nearby facilities chemicals (Table 2.2-6),
and hazardous materials potentially transported on U.S. Route 11 or on railroads (Table 2.2-3
and Table 2.2-7) were evaluated to ascertain which hazardous materials had the potential to
explode, thereby requiring further analysis. The effects of selected explosion events are
summarized in Table 2.2-8 and in the following sections relative to the release source.

Pipelines

There are two bounding natural gas pipelines and one gasoline pipeline in the vicinity of
BBNPP: a Transco 42 in_- natural gas pipeline that is 1.9 mi (3.1 km) from BBNPP, a UGI 12 in_.
natural gas pipeline that is 0.44 mi (0.71 km) from BBNPP, and a Sunoco 6.625 in_ gasoline
pipeline that is 2.0 mi (3.2 km) from BBNPP. An explosion at the break point of one of these
pipelines would involve a much smaller amount of mass than a delayed ignition vapor cloud
explosion. Therefore, an explosion at the break point is bounded by the delayed ignition vapor
cloud explosion discussed in Section 2.2.3.1.2. It is concluded that damaging overpressures
from an explosion from a rupture in the natural gas or gasoline pipelines would not adversely
affect the operations of BBNPP.

Waterway Traffic

The Susquehanna River is the only waterway within 5 mi (8 km) of BBNPR The Susquehanna
River is too shallow for any boat aside from personal watercraft. No releases or explosions are
analyzed for any boats or barges.

Highways

Table 2.2-3 and Table 2.2-7 details the hazardous materials potentially transported on U.S.
Route 11. The materials that were identified for further analysis for explosive potential were
gasoline, and acetylene. The maximum quantity of the identified chemicals assumed to be
transported on the roadway was 80,000 lb (36,287 kg) (CFR, 1998). The maximum quantity of
acetylene that is transported is 16.000 lb (7.260 kg) based in the survey of nearby facilities.

An analysis of the identified chemicals was conducted using TNT equivalency methodologies,
as described this section. The results indicate that the minimum separation distances (i.e., safe
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distances) are less than the shortest distance to a safety-related BBNPP structure from any point
on U.S. Route 11. The closest safety-related BBNPP structure is located approximately 0.95 mi
(1.53 km) from U.S. Route 11. The minimum separation distance for gasoline was calculated to
be 0.72 mi (1.16 km); and for acetylene, 0.41 mi (0.66 km) (Table 2.2-8). Therefore, an explosion
involving potentially transported hazardous materials on U.S. Route 1 1 would not adversely
affect operation of BBNPP.

Adjacent Site and On-site Chemicals

BBNPP is located in close proximity to the existing SSES Units I and 2, and their associated
chemical storage locations. The hazardous materials stored at the SSES site that were identified
for further analysis with regard to explosive potential are gasoline, hydrogen, and diesel.

The 61,642 lb (27,960 kg) of gasoline is in an underground storage tank. Therefore, it was
assumed that the explosion would be bounded by an event involving an 80,000 lb (36,287 kg)
gasoline delivery tanker, either in route, or during or following a filling operation.

A conservative analysis using TNT equivalency methods as described in this sectionSeEtioA-
2.23. was used to determine safe distances for the storage of the identified hazardous
materials.

The safe distance for the hydrogen is 0.34 mi (0.55 km); and for diesel is 0.42 mi (0.68 km). The
hydrogen tank is approximatelyfrughly 0.69 mi (1.11 kin), and the diesel storage tank is
approximatelyfeIt~hly 0.85 mi (1 .37 km) from the nearest safety-related structure for BBNPP
(Table 2.2-8).

Two chemicals at SSES were identified for further analysis with regard to an explosive
overpressure relating to a boiling liquid expanding vapor cloud explosion (BLEVE). A rupture of
a storage tank of liquid nitrogen or liquid oxygen would cause a large fraction of the mass of
gas to flash to vapor, sending an overpressure wave. The safe standoff distance for a BLEVE of
the liquid nitrogen tank is 0.05 miles (0.08 km) and for the liquid oxygen tank is 0.10 miles (0.16
kin). This is much less than the actual standoff distance of 0.69 miles (1.11 km) (Table 2.2-8).

The results using this methodology indicate that the minimum separation distances (i.e., safe
distances) are less than the shortest distance from any safety-related BBNPP structure to the
storage location of the identified chemicals. Therefore, an explosion of any of these chemicals
would not adversely affect operation of BBNPP.

The hazardous materials stored on-site at BBNPP that were identified for further analysis with
regard to explosive potential were ammonium hydroxide, diesel, dimethylamine, gasoline,
hydrazine, hydrogen and argon-methane.

The safe distance for ammonium hydrcxide (28% .solution) i5 273 ft (83 •n); for the diesel is
1,626 ft (496 m); for the dimethylamine (2% solution) is 290 ft (88 m); for the gasoline is 412 ft
(126 m); for the hydrazine (35% solution) is 805 ft (245 m); for the hydrogen tank (48.05 pounds)
is 271 ft (83 m); for the argon-methane mixture is 164 ft (50 m); and for hydrogen cylinder
(1.45 pounds) is 78 ft (24 m). These chemicals will always be further than these standoff
distances from the nearest BBNPP safety--related building. These results are summarized in
Table 2.2-8.

One material at BBNPP was identified for further analysis with regard to an explosive
overpressure relating to a boiling liquid expanding vapor cloud explosion (BLEVE). A rupture of
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a storage tank of liquid nitrogen would cause a large fraction of the mass of nitrogen to flash to
vapor, sending an overpressure wave. The safe standoff distance for this BLEVE of the liquid
nitrogen tank is 360 ft (I 10 m) (Table 2.2-8).

Procedures ensure 1) the minimum separation distances (i.e., storage location and volume) for
chemicals listed in Table 2.2-5 are maintained, 2) new chemicals to be stored on-site that are
not listed in Table 2.2-5 are evaluated to establish the applicable minimum separation distance,
storage location, and volume limit for that chemical.

Nearby Facilities

There are two additional offsite facilities that store explosive chemicals that are identified for
further analysis. The hazardous materials stored at nearby facilities that were identified for
further analysis with regard to explosive potential are propane stored at Heller's Gas & Custom
Made Fireplaces, and natural gas stored at Deluxe Building Systems.

A conservative analysis using TNT equivalency methods as described in this sectionSeEtie-
2.2.3. was used to determine safe distances for the storage of the identified hazardous
materials.

The safe distance for the mass of propane is 1.07 mi (1.72 kin); and for the mass of natural gas is
1.43 mi (2.30 km). Heller's Gas & Custom Made Fireplaces is approximatelyfertgy1.68 mi (2.70
km), and Deluxe Building Systems is approximatelyfoughy 4.48 mi (7.21 kin) from the nearest
safety-related structure for BBNPP (Table 2.2-8).

The results using this methodology indicate that the minimum separation distances (i.e., safe
distances) are less than the shortest distance from a safety-related BBNPP structures to the
storage location of the identified chemicals. Therefore, an explosion of any of these chemicals
would not adversely affect operation of BBNPP.

Railways

The Canadian Pacific Railway is the only frequently operated railway within 5 mi (8 kin) of
BBNPP. This railway transports chemicals that could pose a threat of an explosion.a delayed
vapor •l•ud ignition. The chemicals that were analyzed for potential stationary
explosions..elayed Vap. r Elud ignitions are ammonia and butane. A conservative analysis
using TNT equivalency methods as described in this sectionSe.n.2.2...1 was used to
determine safe distances for the storage of the identified hazardous materials.

The amount of hazardous chemical was conservatively chosen to be the maximum allowable
capacity of a railroad tank car. This is 34,500 gal (130,600 I) or 263,000 lb (119,000 kg) per
Federal Regulation 49 CFR 179.13 (CFR, 1970). In the cases of both ammonia and butane, the
densities are low such that 34,500 gal is limiting. Ammonia is denser than butane, so the

.....J euan explosion of ammonia bounds the mas, NT equivalent explosion of
butane. In addition, it was found that the limiting method for determining the TNT equivalent
weight of ammonia is the Regulatory Guide 1.91 (NRC, 1978a) method. Therefore, this case
bounds butane. 34,500 gal of ammonia is equivalent to 196.234 lb (89,010 kg) of ammonia.
(34,500 gal of ammonia is equivalent to 196,23 4 Ib (89,010 kg) of ammonia).

The safe standoff distance for ammonia is 1.0 mi (1.6 km). The nearest point of approach from
the railroad to a BBNPP safety:related structure is 1.45 mi (2.33 kin). The minimum separation
distances (i.e., safe distances) are less than the shortest distance from a safety-related BBNPP
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structures to the storage location of the identified chemicals. Therefore, an explosion from any

of these chemicals would not adversely affect operation of BBNPP (Table 2.2-8).

Explosion Related Impacts Affecting the U.S. EPR Design

The U.S. EPR design is acceptable for any site when reasonable qualitative arguments can
demonstrate that the realistic probability of severe consequences from any external accident is
less than 1.OE-6 per year. Regulatory Guide 1.91 (NRC, 1978a) cites I psi (6.9 kPa) as a
conservative value of peak positive incident overpressure, below which no significant damage
would be expected. Safety-related BBNPP structures are designed to withstand a peak positive
overpressure of at least I psi without loss of function.

The analyses presented in this section demonstrate that a 1 psi (6.9 kPa) peak positive
overpressure will not be exceeded at a safety-related structure for any of the postulated
explosion event scenarios. As a result, postulated explosion event scenarios will not result in
severe consequences.

2.2.3.1.2 Flammable Vapor Clouds (Delayed Ignition)

Flammable gases in the liquid or gaseous state can form an unconfined vapor cloud that could
drift toward the plant before ignition occurs. When a flammable chemical is released into the
atmosphere and forms a vapor cloud it disperses as it travels downwind. The parts of the cloud
where the concentration is within the flammable range, between the lower and upper
flammability limits, may burn if the cloud encounters an ignition source. The speed at which
the flame front moves through the cloud determines whether it is a deflagration or a
detonation. If the cloud burns fast enough to create a detonation an explosive force is
generated.

The potentially explosive chemicals at SSES Units I and 2 and at BBNPP are shown in Table 2.2-
5. Hazardous materials potentially transported on U.S. Route 11 , the railways, or waterways are
shown on Table 2.2-3 and Table 2.2-7, and hazardous materials at nearby facilities are shown on
Table 2.2-6. These chemicals were evaluated to ascertain which hazardous materials had the
potential to form a flammable vapor cloud or vapor cloud explosion. For those chemicals with
an identified flammability range, the Areal Locations of Hazardous Atmospheres (ALOHA) air
dispersion model was used to determine the distances where the vapor cloud may exist
between the upper explosivefiammabilkty limit (UELUFL) and the lower explosivfia.w- ab lity

limit (LELLF-I), presenting the possibility of ignition and potential thermal radiation effects
(ALOHA, 2007).

The identified chemicals were also evaluated to determine the possible effects of a flammable
vapor cloud explosion. ALOHA was used to model the worst case accidental vapor cloud
explosion, including the safe distances and overpressure effects at the nearest safety-related
BBNPP structure. To model the worst case in ALOHA, ignition by detonation was chosen for the
ignition source. The safe distance was measured as the distance from the spill site to the
location where the pressure wave is at 1 psi (6.9 kPa) overpressure.

Conservative assumptions were used in both ALOHA analyses with regard to meteorological
inputs and identified scenarios. The following meteorological assumptions were used as inputs
to the computer model, ALOHA: Pasquill stability class F (stable), with a wind speed of 1 m/sec;
ambient temperature of 25'C; relative humidity 50%; cloud cover 50%; and an atmospheric
pressure of 1 atmosphere. Pasquill Stability class F represents the most limiting 5% of
meteorological conditions observed at a majority of nuclear plant sites. For each of the
identified chemicals, it was conservatively assumed that the entire contents of the vessel
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leaked forming a 1 -EF thiEk puddle or that the entire contents were released instantaneously
as a gas. This provides a significant surface area to maximize evaporation and the formation of
a vapor cloud in the case of liquid releases, and maximizes the peak concentration in the case of
gas releases.

Using ALOHA is conservative, however, should the results not meet the acceptance criteria,
additional mitigating factors (plume rise, plume meander, etc.) are considered in the analysis.
The Safety Evaluation Report related to the construction of Hartsfield Nuclear Power Plants
concluded that "the state of knowledge concerning the chemical reactions of natural gas
mixed with air is sufficiently well established to form a basis for the judgment that the
detonation of an unconfined natural gas dispersal in air is not a credible event" (NRC, 1976). If it
can be shown that the vapor cloud rises to an elevation such that the concentration is below
the lower flammable limit at the highest point of the plant structures, the cloud will be
completely unconfined, and a vapor cloud detonation will not occur. Also, at that elevation
there will be no credible ignition source. To determine if the vapor cloud will be above the
plant structures, a plume buoyancy model was used. In addition, Regulatory Guide 1.145
indicates that meander can be considered in calculating the concentration at a point (NRC,
1982).

The analyzed effects of flammable vapor clouds and vapor cloud explosions from internal and
external sources are summarized in Table 2.2-9 and are described in the following sections
relative to the release source.

Pipelines

Transco operates a pipeline corridor that passes within the vicinity of the BBNPP site. At its
closest distance, this pipeline passes within approximately 1.89 mi (3.04 km) of BBNPP. UGI
operates a pipeline corridor that passes within the vicinity of the BBNPP site. At its closest
distance, this pipeline passes within approximately 0.44 mi (0.71 km) of BBNPP.

These two limiting pipelines were analyzed using the methods detailed above including plume
meander and buoyancy. The maximum concentration of natural gas at a BBNPP safety related
building following a rupture of the Transco pipeline is 1.76%. The maximum concentration of
natural gas at a BBNPP safetyzrelated building following a rupture of the UGI pipeline is 1.32%.
These are less than the lower flammable limit for natural gas, 4.4%. In addition, because the
concentrations are below the LEL, a delayed flammable vapor cloud ignition can not occur, and
therefore there will be no explosive overpressure. The results of flammable vapor cloud
ignition analyses are summarized in Table 2.2-9.

Waterway Traffic

The Susquehanna River is the only waterway within 5 mi (8 km) of BBNPP. The Susquehanna
River is too shallow for any boat aside from personal watercraft. No releases or delayed ignition
explosions are analyzed for any boats or barges inTable 2.2-9.

Highways

The closest safety-related BBNPP structure is located approximately 0.95 mi (1.53 km) from U.S.
Route 11. The hazardous materials potentially transported on U.S. Route 11 that were
identified for further analysis are gasoline and acetylene. The methodology presented
previously in Section 2.2.3.1.2 was used for determining the safe distance for vapor cloud
ignition and delayed vapor cloud explosion. Consistent with Federal Regulation 23 CFR 658.17
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(CFR, 1998), it was conservatively estimated that the gasoline tanker truck carried and released
80,000 lb (36,300 kg) of the identified chemical. The largest amount of acetylene on a truck that
was analyzed was 16,000 lb (7,260 kg).

Each of the identified hazardous materials was also evaluated, using the methodology
presented previously in this section, to determine the effects of a possible vapor cloud
explosion. The minimum separation distance (i.e., safe distance) for gasoline is 0.40 mi (0.64
km), and for acetylene is 0.79 mi (1.27 km)hwhen conservatively modeled as a direct release of
the entire shipped quantity. The minimum separation distances for explosions involving the
identified chemicals to have less than a I psi (6.9 kPa) peak incident pressure from a drifted
vapor cloud are less than the shortest distance between any safety-related BBNPP structures
and any point on U.S. Route 11. Therefore, a delayed flammable vapor cloud explosion
involving the identified hazardous material with the potential to be transported on U.S. Route
11, would not adversely affect the safe operation of BBNPP.

The results of flammable vapor cloud ignition and explosion analyses are summarized in
Table 2.2-9.

Adjacent Site and On-site Chemicals

BBNPP is located in close proximity to the existing SSES Units 1 and 2 and the associated
chemical storage locations. The hazardous materials stored at the SSES Units I and 2 site that
were identified for further analysis with regard to the potential of delayed ignition and
explosion of flammable vapor clouds are gasoline and hydrogen.

As described previously in this sectionSection 2.2.3.1.2, the ALOHA dispersion model was used
to determine the distance a vapor cloud can travel before reaching the LEL boundary (i.e., the
point at which the vapor cloud is no longer explosive) once a vapor cloud has formed from
release of the identified chemical. The maximum concentration of hydrogen at any safety
related building is 1.49%. This is less than the lower flammable limit for hydrogen, 4%. In
addition, because the concentration is below the LEL, a delayed flammable vapor cloud
ignition can not occur, and therefore there will be no explosive overpressure. The results of
flammable vapor cloud ignition analyses are summarized in Table 2.2-9.

A vapor cloud explosion analysis was also performed using the methodology described in this
sectionSection 2.2.3.1.2 to obtain minimum separation distances (i.e., safe distances) for the
identified chemicals. The results indicate that the minimum separation distance (i.e., the
distance required for an explosion to have less than a 1 psi (6.9 kPa) peak incident pressure) is
less than the shortest distance between a safety-related BBNPP structure from the storage
location of these chemicals.

The minimum separation distance for the 80,000 lb (36,287 kg) of gasoline in the tank truck is
0.40 mi (0.64 km). This bounds the instance of 61,642 lb (27,960 kg) of gasoline that is stored on
the SSES site. Because the minimum separation distance for a delayed vapor cloud explosion is
less than the distance from the source to the nearest BBNPP safety-related structure, the
concentration of the gasoline will be less than the LEL at all BBNPP safety_--related structures.
The results of flammable vapor cloud ignition analyses are summarized in Table 2.2-9.

Therefore, a flammable vapor cloud ignition or vapor cloud explosion involving the identified
chemicals would not adversely affect the safe operation of BBNPP.
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The hazardous materials stored on-site that were identified for further analysis with regard to
the potential of delayed ignition and explosion of flammable vapor clouds were ammonium
hydrFoxde,-dimethylamine, gasoline, hydrogen and argon-methane.

The minimum separation distance for the ammonium hydroxide is 735 ft (224 in); for the
dimethylamine is 291 ft (89 m); for the gasoline is 1,386 ft (422 m)1-7,3•.•34fO3-+, for the
hydrogen tank (48.05 pounds) is 990 ft (302 m); for the argon-methane mixture is 258 ft (79 m);
and for the hydrogen cylinder (1.45 pounds) is 219 ft (67 m).

The results of flammable vapor cloud ignition and explosion analyses are summarized in
Table 2.2-9.

Nearby Facilities

There are two additional offsite facilities that store explosive chemicals that are identified for
further analysis. The hazardous materials stored at nearby facilities that were identified for
further analysis with regard to explosive potential are propane stored at Heller's Gas & Custom
Made Fireplaces, and natural gas stored at Deluxe Building Systems. The methodology
presented previously in this sectionSection 2.2.3.1.2 was used for determining the safe distance
for vapor cloud ignition and delayed vapor cloud explosion.

The minimum separation distance for the propane is 1.1 mi (1.8 km). This is less than the
distance between Heller's Gas & Custom Made Fireplaces and any BBNPP safetyzrelated
structure, 1.68 mi (2.70 km). The minimum separation distance for the natural gas is 2.9 mi
(4.7 km). This is less than the distance between Deluxe Building systems and any BBNPP safety:-
related structure, 4.48 mi (7.21 km). Because the minimum separation distance for a delayed
vapor cloud explosion is less than the distance from the source to the nearest BBNPP safety_-
related structure, the concentration of these chemicals will be less than the LEL at all BBNPP
safetyzrelated structures.

The results of flammable vapor cloud ignition and explosion analyses are summarized in
Table 2.2-9.

Railways

The Canadian Pacific Railway is the only frequently operated railway within 5 mi (8 km) of
BBNPP. This railway transports chemicals that could pose a threat of a delayed vapor cloud
ignition. The chemicals that were analyzed for potential delayed vapor cloud ignitions are
ammonia and butane. The methodology presented previously in this sectionSection 2.2.3.1.2
was used for determining the safe distance for vapor cloud ignition and delayed vapor cloud
explosion.

The safe standoff distance for a delayed vapor cloud ignition is 1.2 mi (1.9 km) for an ammonia
release and 1.2 mi (1.9 km) for a butane release. The nearest point of approach from the
railroad to a BBNPP safety-related structure is 1.45 mi (2.33 km). Because the minimum
separation distance for a delayed vapor cloud explosion is less than the distance from the
source to the nearest BBNPP safety-related structure, the concentration of these chemicals will
be less than the LEL at all BBNPP safety-related structures.

The results of flammable vapor cloud ignition and explosion analyses are summarized in
Table 2.2-9.
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Flammable Vapor Cloud (Delayed Ignition) Related Impacts Affecting the U.S. EPR
Design
The U.S. EPR design is acceptable for any site when reasonable qualitative arguments can
demonstrate that the realistic probability of severe consequences from any external accident is
less than 1.0E-6 occurrences per year. Regulatory Guide 1.91 (NRC, 1978a) cites 1 psi (6.9 kPa) as
a conservative value of peak positive incident overpressure, below which no significant
damage would be expected. Safety-related BBNPP structures are designed to withstand a peak
positive overpressure of at least 1 psi without loss of function.

The analyses presented in this section demonstrate that a 1 psi (6.9 kPa) peak positive
overpressure will not be exceeded at a safety-related structure for any of the postulated
flammable vapor cloud, delayed ignition event scenarios.

2.2.3.1.3 Toxic Chemicals

Accidents involving the release of toxic chemicals from adiacent and on-siteonsite and
adjacent site storage facilities and nearby mobile and stationary sources were considered.
Toxic chemicals known to be present on=site or in the vicinity of the BBNPP site, or to be
frequently transported in the vicinity were evaluated. NRC Regulatory Guide 1.78, Revision 1,
Evaluating the Habitability of a Nuclear Power Plant Control Room During a Postulated
Hazardous Chemical Release (NRC, 2001), requires evaluation of control room habitability after
a postulated external release of hazardous chemicals from mobile or stationary sources, off-site
or on-sitcofflitc or onzite.

The potential adjacent site and on:site chemicals are identified in Table 2.2-5, hazardous
materials potentially transported on U.S. Route 11, the railroads, or the waterways are
identified inTable 2.2-3 and Table 2.2-7. Hazardous materials at nearby facilities are identified in
Table 2.2-6. These chemicals were evaluated to ascertain which hazardous materials were
analyzed with respect to their potential to form a toxic vapor cloud after an accidental release.

The first screening of hazardous chemicals follows an equation from Regulatory Guide 1.78
(NRC, 2001). This equation uses the toxicity limit of the chemical, the control room conditions.
the weather conditions, and the storage distance to determine a maximum allowable mass of
the chemical, If this mass is greater than the actual mass then the chemical is screened out as
not posing a hazardous threat to the main control room (MCR) operators. Those chemicals that
do not meet this mass limit are further analyzed below.

The ALOHA model was used to determine the maximum distance various postulated vapor
clouds would travel before they dispersed enough to fall below the associated National
Institute of Occupational Safety and Health (NIOSH) defined Immediately Dangerous to Life
and Health (IDLH) threshold values. The ALOHA model was also used to predict the post-
release chemical concentrations in the control room to ensure that under a worst case scenario
event the control room operators will have sufficient time to take appropriate action.

The IDLH is defined by the NIOSH as a situation that poses a threat of exposure to airborne
contaminants when that exposure is likely to cause death or immediate or delayed permanent
adverse health effects or prevent escape from such an environment. The IDLHs determined by
NIOSH are established such that workers are able to escape such an environment without
suffering permanent health damage.

Some chemicals, for example, gasoline, do not have an IDLH. For these chemicals, other toxicity
limits are used, The Short Term Exposure Limit (STEL) is defined as the limit that a person can
tolerate without any side effects for 15 minutes. The Time Weighted Average (TWA) is defined
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as the average concentration that a person can be exposed to for 8 hours a day, day after day.
For chemicals with no defined IDLH. both of these exposure limits must be met.

Meteorological assumptions were used to determine chemical concentrations: Pasquill stability
class F (stable), with a wind speed of I m/sec; ambient temperature of 25'C; relative humidity of
50%; cloud cover, 50%; and an atmospheric pressure of I atmosphere. For sources that are
described using the ALOHA model, a control room air exchange rate of 0.3 air changes per hour
was used. This air exchange rate was calculated from the control room volume and the rate of
air intake. U.S. EPR FSAR Section 9.4.1 provides a description of the Control Room HVAC System.
Under normal operation, outside air is brought in through two air intakes in order to maintain
the control room envelope at a positive pressure. The control room envelope has a volume of
approximately 200,000 ft3 (5,663 M3 ) and the flow rate of outside air through the two air
intakes is as much as 1,000 cfm (total) (28 m3/min). Using this information results in an effective
air change rate (based on outside air) of:

(1000 cfm * 60) / 200,000 ft3 = 0.3 air changes per hour

In addition, Regulatory Guide 1.78 states that if the toxic gas can be detected within two
minutes of reaching the IDLH, the MCR operators will have enough time to don a respirator
(NRC, 2001).

The effects of toxic chemical releases from internal and external sources are summarized in

Table 2.2-10 and are described in the following sections relative to the release source.

Pipelines

Transco operates a pipeline corridor that passes within the vicinity of the BBNPP site. At its
closest distance, this pipeline passes within approximately 1.89 mi (3.04 kin) of BBNPP. The
Transco pipeline carries natural gas. UGI operates a pipeline corridor that passes within the
vicinity of the BBNPP site. At its closest distance, this pipeline passes within approximately
0.44 mi (0.71 km) of BBNPR The UGI pipeline carries natural gas. Sunoco operates a pipeline
corridor that passes within the vicinity of the BBNPP site. At its closest distance, this pipeline
passes within approximately 2.03 mi (3.27 km) of BBNPP. The Sonoco pipeline carries gasoline.

From NUREG/CR-6624, the IDLH for natural gas should be taken as 10% of the lower explosive
limit (NRC, 1999).(5,000 ppm is used as the IDLH for natural gasý. Natural gas concentrations
were determined at the control room following the ruptures in the UGI and Transco pipelines.
The maximum concentration of natural gas in the main control room following the release was
calculated to be greater than 5,000 ppm. However, more than two minutes will elapse between
the time when the concentration of natural gas in the main control room reaches the odor
threshold (20 ppm for odorized natural gas) and the time when the concentration reaches the
IDLH. Because of this, the main control room operators will have the expected two minutes to
don a respirator.

The STELshort tcrm cxpoSurc limit for gasoline is 500 ppm and the TWA for gasoline is 300
ppm. The maximum outdoor concentration of gasoline vapor at BBNPP following the release
of gasoline from the gasoline pipeline is less than 100 ppm. This is less than the STEL and TWA
for gasoline; therefore the concentration of gasoline in the main control room will always be
less than the allowable concentration.

The identified chemicals had analyzed consequences that were below the guidance provided
in 10 CFR Part 100. Therefore, toxic vapor clouds resulting from ruptures of pipelines will not
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adversely affect the safe operation of BBNPP. The effects of toxic chemical releases are

summarized in Table 2.2-10.

Waterway Traffic

The Susquehanna River is the only waterway within 5 mi (8 km) of BBNPP. The Susquehanna
River is too shallow for any boat aside from personal watercraft. No releases of toxic chemicals
are analyzed for any boats or barges.

Highways

The BBNPP reactor building is located 1.1 mi (1.8 km) from U.S. Route 11 at its closest approach.
The hazardous materials transported on U.S. Route 11 satisfy the Regulatory Guide 1.78 (NRC,
2001) screening criteria and therefore did not require further analysis with regard to the
potential of forming a toxic vapor cloud after an accidental release. Therefore, toxic vapor
clouds resulting from chemical spills on U.S. Route 11 will not adversely affect the safe
operation of BBNPP. The effects of toxic chemical releases are summarized in Table 2.2-10.

Adjacent Site and On-site Chemical Storages

The hazardous material stored at SSES that were identified for further analysis with regard to
the potential for the formation of toxic vapor clouds formed after an accidental release is
sodium hypochlorite. Sodium hypochlorite is commonly known as bleach, however, to be
conservative, it was assumed that the entire mass of chlorine in the sodium hypochlorite
disassociated instantaneously into chlorine gas. The largest tank of sodium hypochlorite is
72,571 lb (32,918 kg) of sodium hypochlorite solution.

As described in this sectionSection 2.2.3.1.3, the identified hazardous material was analyzed
utilizing the ALOHA dispersion model to determine whether the formed vapor cloud will reach
the control room intake and what the concentration of the toxic chemical will be in the main
control room after an accidental release.

Chlorine gas concentrations were determined at the control room after a release of the largest
vessel. The maximum concentration of chlorine in the main control room following the release
was calculated to be 4.94 ppm. This is less than the IDLH for chlorine gas, 10 ppm.

The identified chemical had an analyzed consequence that was below the guidance provided
in 10 CFR Part 100. Therefore, toxic vapor clouds resulting from chemical spills of adjacent site
chemicals will not adversely affect the safe operation of BBNPP.

The hazardous on:site chemicals that were identified for further analysis with regard to toxicity
are ammonium hydroxide, dimethylamine, gasoline, hydrazine, hydrogen, liquid nitrogen,
argon, argon-methane mixture, nitrogen gas, oxygen, Depositrol BL5323, and sodium bisulfite.
These chemicals were analyzed in ALOHA in order to determine the minimum safe distance.
The minimum distance is safe if: a) the concentration will not be greater than the IDLH, or b)
more than two minutes will elapse between the time when the concentration in the MCR
reaches the odor threshold and when the concentration reaches the IDLH.

The minimum safe distance from the MCR air intakes for the armmonium hydroxide is 1,700 ft
(518 -m); for the dimethylamine is 33 ft (10 m); for the gasoline is 823-343 ft (25144--5 m); fef4he-
hydrazine is 74 ft (23 in); for the hydrogen tank (48.05 pounds) is 173 ft (53 m); for the liquid
nitrogen is 375 ft (114 m), for the argon-methane mixture is 33 ft (10 m); for the hydrogen
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cylinder (1.45 pounds) is 33 ft (10 m); for the nitrogen gas is 33 ft (10 m); for the oxygen is 33 ft
(10 m); and for the sodium bisulfite is 479 ft (146 m). The Depositrol BL5323 is bounded by the
gasoline, and the standoff distance is therefore 823343 ft (2514I-0-i m). Each of these chemicals
will be always be further from the MCR air intakes than these standoff distances.

The hydrazine and ammonium hydroxide will be stored greater than 4,500 feet (1,372 m) from
the main control room air intakes. At this distance, the peak MCR concentration of hydrazine is
0.327 ppm and the peak concentration at the intakes is 1.96 ppm. The ammonium hydroxide
tank will have a 20 foot (6.1 m) diameter berm around it. At this distance and with the berm,
the peak concentration of ammonia in the MCR is 10.6 ppm and the peak concentration a the
intakes is 71,4 ppim.The maximum concentrations of amminium hydroxide and hydrazine in
the m~ain conrol room following the release are calcu~latcd to be greaterF than the IDLH (300
ppm and 50 ppmn respcctively). However-, moere than tw~o mninutes w~ill elapse between the tim
when the concen--t-rations of these chem~icals in the mnain EGontroEl roomF reach the odorM
thresholds (50 ppmn for ammonia and 4 ppmF for hydr~azine) and the time when the-
concentration • each the IDLH of that hemffcal. Because of this, the main control room
operatOuS Will have the expected two minutes to don a respiratlr.

The effects of toxic chemical releases are summarized in Table 2.2-10.

Railways

The hazardous material transported along the Canadian Pacific Railway that was identified for
further analysis with regard to the potential for the formation of toxic vapor clouds formed
after an accidental release is ammonia. As discussed in Section 2.2.3.1.1, 196,234 lb (89,010 kg)
of ammonia is released in this analysis.

As described in Section 2.2.3.1.3, the identified hazardous material was analyzed utilizing the
ALOHA dispersion model to determine whether the formed vapor cloud will reach the control
room intake and what the concentration of the toxic chemical will be in the main control room
after an accidental release.

Ammonia concentrations were determined at the control room after a release of the largest
vessel. The maximum concentration of ammonia in the main control room following the
release was calculated to be greater than the IDLH for ammonia, 300 ppm. However, more than
two minutes will elapse between the time when the concentration of ammonia in the main
control room reaches the odor threshold (50 ppm) for ammonia and the time when the
concentration reaches the IDLH. Because of this, the main control room operators will have two
minutes to don a respirator.

Toxic vapor clouds resulting from spills of chemicals that are transported by railways in the
vicinity of BBNPP will not adversely affect the safe operation of BBNPP. The effects of toxic
chemical releases are summarized in Table 2.2-10

Toxic Chemical Related Impacts Affecting the U.S. EPR Design

The U.S. EPR design is acceptable for any site when reasonable qualitative arguments can
demonstrate that the realistic probability of severe consequences from any external accident is
less than 1.OE-6 per year. The analyses presented in this section demonstrate that toxic
chemical concentrations that could present an immediate hazard to plant personnel will not
result from postulated chemical releases. For ammonia and natural gas, it was demonstrated
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that the main control room operators will have more than two minutes to don a respirator,
meeting the acceptance criteria from Regulatory Guide 1.78 (NRC, 2001).

2.2.3.1.4 Fires

Accidents leading to high heat fluxes or smoke, and non-flammable gas or chemical bearing
clouds from the release of materials, as the consequence of fires in the vicinity of the plant were
considered. Fires in adjacent industrial plants and storage facilities, oil and gas pipelines, brush
and forest fires, and fires from transportation accidents were evaluated as events that could
lead to high heat fluxes or to the formation of such clouds.

The chemical releases that were analyzed for potentially leading to high heat fluxes at BBNPP
safetyýrelated buildings were: a hydrogen tank boiling liquid expanding vapor explosion
(BLEVE) on the Susquehanna site, a gasoline pool fire due to a spill of a tanker truck, an
acetylene tank BLEVE from a delivery truck to Western International Gas, a butane BLEVE of a
Canadian Pacific Railway tankcar, a propane tank BLEVE from Heller's Gas & Custom Made
Fireplaces, and the jet fires caused by the rupturing of the two natural gas pipelines UGI and
Transco.

Of these instances, the highest heat flux into a BBNPP safetyzrelated building is 0.929 kW/m 2

resulting from the hydrogen tank BLEVE, however the fireball will fully burn in 7 seconds, so the
total heat transfer to the building is limited. The jet fire from the Transco pipeline will have a
radiative heat flux of 0.204 kW/m 2 and will continue until the pipeline is isolated. The rest of
the chemical fires are bounded either in terms of time or intensity by these two instances.

Fires which could result in smoke clouds at the site may arise from brush and forest fires, oil
spills from adjacent pipelines, and transportation accidents. A fire from a natural gas pipeline
could result in a transient radiant heat flux of very short duration (a few seconds) if the flame
front were as close as 1,500 ft (457 m). However, the condition is not sustainable and would
become limited to about 2,000 ft to 3,000 ft (610 m to 914 m) from the point of pipeline
rupture.

An oil fire from a pipeline rupture at the river, followed by ignition of a pool of floating oil could
produce 1.5 kg/sec (3.3 Ib/sec) of particulates for each 1,000 barrels per hour of fuel consumed
in open area burning. For pool or choked burning, i.e., sooting conditions, the particulate
generation could reach 10 kg/sec (22 Ib/sec). Maximum smoke concentration at the site could
reach 250 milligrams/cubic meter. No radiant heat problem at the site would be expected,
since firefighting equipment would normally be able to use the road between the site and river
bank. However, the onsite fire brigade would respond to any fire at the intake location. The fire
hydrant and hose located at the intake would be used to mitigate the effects of the potential
radiant heat associated with an oil fire at the river.

The usual failure mode of oil pipelines, the distances to structures containing safety related
equipment, and the nature of oil spills on rivers minimize the potential of an oil fire impacting
BBNPP. However, as a worst case, it could be assumed that the pipeline will continue to flow for
one half hour after the rupture. Since the maximum flow rate in the Sunoco Pipeline (the
closest oil pipeline to the site) is 800 barrels per hour, this would produce a spill of 400 barrels
plus the amount remaining in the pipeline up to the points of shutoff in each direction. This
distance would be about 0.75 mi (1.21 km) in the near direction and about 8 mi (13 km) in the
far direction, if it is assumed that pipeline rupture occurs at the shutoff point closest to the site.
This gives a volume of approximately 1,970 barrels. When added to the 400 barrels for the
amount spilled before shutoff, the total worst case spill would be 2,370 barrels.
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The fire would basically burn until the spill was shutoff, one half hour under the worst case
conditions. However, it may be that the spill, if it reaches the Susquehanna River, might spread
out on the surface of the river and continue to burn until the spill thickness passes below some
minimum which will no longer sustain combustion. Under the worst case circumstances, the
thickness of the slick by the area over which the spill will spread can be estimated. A well
recognized formula (Fay 1971) for this spreading is:

A = 10s xv 0

where A is the spill area in square meters and V is the spill volume in cubic meters. The
thickness is then estimated by dividing the volume by the spill area. For the aforementioned
worst case 2,370 barrel spill, the formula gives a thickness (at maximum spread) of only 4-2-*
4,2E+3--0-3 cm. At a typical burning rate of one inch per hour, this thickness would be
consumed in less than 10 seconds. Therefore, it would appear that a spill from the Sunoco
Pipeline would not be able to burn for much longer than the one half hour maximum flow time
until shutoff. This evaluation assumes the oil is spilled on a calm lake. The postulated exposure
and the chance for ignition would be minimized by the river flow. The gas line would not create
any smoke problem, but could ignite brush or forest areas. Combustible cover to the northwest
of the plant is heavy along Lee Mountain, 3,200 ac (1,295 ha) at about 3 mi (4.8 km) distance,
and over a low ridge north of the plant boundary, 250 ac (101 ha) at I mi (1.6 km). The smoke
particulate load estimated from a fire consuming 40 ac per hour (low wind condition,
associated with atmospheric stagnation) would be at 210 kg total particulates per hectare (EPA,
1996), 160 and 22 milligrams/cubic meter for fires at I mi (1.6 km) and 3 mi (4.8 km),
respectively.

According to the National Fire Protection Association (NFPA) Standard 1144, Standard for
Reducing Structure Ignition Hazards from Wildland Fire, a defensible space is an area that is
typically defined as having a width of at least 30 ft (9 m) between an improved property and a
potential wildland fire where combustible materials and vegetation have been removed to
reduce the potential for fire on improved property spreading to wildland fuels or to provide a
safe working area for fire fighters protecting life and improved property from wildland fire. A
minimum distance for fuel modification should be 30 ft (9 m) from structures. Studies of
structural ignition from radiant heat indicate that ignitions are unlikely to occur from burning
vegetation beyond 120 ft (37 m) from a structure. Therefore, clearing of vegetation and
thinning of trees to a distance of 120 ft (37 m) from a dwelling, as in a zoned Firewise landscape,
will prevent ignition of a structure from the radiant heat from a flame front in a high-risk
ecosystem. (NFPA, 2008)

The BBNPP site will be sufficiently cleared of brush, forest, woodland prior to construction and
operation. These cleared zones are of sufficient size to afford substantial protection in the
event ofa fire, and it is not expected that there would be any hazardous effects from fires or
heat fluxes associated with wild fires, fires in adjacent industrial plants or from on:site storage
facilities.

Fire Related Impacts Affecting the U.S. EPR Design

The U.S. EPR design is acceptable for any site when reasonable qualitative arguments can
demonstrate that the realistic probability of severe consequences from any external accident is
less than 1.0E-6 occurrences per year. The use of cleared fuel breaks around safety-related
BBNPP structures will ensure that external fire related impacts will not have severe
consequences.
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2.2.3.1.5 Collisions with Intake Structure

The Bell Bend intake structure is located on the Susquehanna River downstream of the SSES
Unit 1 and 2 intake structure. The Susquehanna River is not used as a navigable waterway for
other than small recreational boats, which do not constitute any hazard potential to the intake
structure.

2.2.3.1.6 Liquid Spills

The accidental release of oil or liquids that may be corrosive, cryogenic, or coagulant were
considered to determine if the potential exists for such liquids to be drawn into the plant's
intake structure and circulating water system or otherwise affect the plant's safe operation.

The BBNPP Raw Water Supply System (RWSS) pumps and Circulating Water System (CWS)
makeup pumps draw water through the intake structure forebay on the bank of the
Susquehanna River. Present at the forebay of the intake structure is a curtain wall that assists in
preventing floating pollutants, such as petroleum products, from reaching the intake pumps
suction.

The Susquehanna River is not utilized for industrial transportation; however, petroleum spills
could occur from a pipeline rupture near the Susquehanna River. Any chemical liquids that
have a specific gravity of less than one would float on the surface of the river. Therefore, these
liquids if spilled would not only be diluted by the Susquehanna River water, but would float on
the surface and consequently would not likely reach the pumps suction beyond the intake
structure's curtain wall.

Any liquid spills that would solidify in the water that reached the intake structure would be
removed by the bar grating or traveling screen in the intake structure system.

Liquid Spill Impacts Affecting the U.S. EPR Design

The U.S. EPR design is acceptable for any site when reasonable qualitative arguments can
demonstrate that the realistic probability of severe consequences from any external accident is
less than 1 .OE-6 occurrences per year. In the case of liquid spills, the BBNPP intake structure is
well protected. Chemical spills would either be sufficiently diluted before reaching the BBNPP
intake structure or would be swept downstream of the intake structure by the Susquehanna
River current. Any liquid spills that would solidify in the water that reached the intake structure
would be removed by the traveling screens on the intake structure. In each case, there would
be no significant damage to the BBNPP intake structure. As a result, the unlikely event of liquid
spills will not result in severe consequences.

2.2.3.1.7 Radiological Hazards

The release of radioactive material from SSES Units 1 and 2 as a result of normal operations or
an unanticipated event would not threaten the safety of the plant or personnel at BBNPP. The
control room habitability system for the U.S. EPR provides the capability to detect and protect
main control room personnel from external fire, smoke, and airborne radioactivity. In addition,
safety-related structures, systems, and components for the U.S. EPR have been designed to
withstand the effects of radiological events and the consequential releases that would bound
the contamination from a release from either of these potential sources.

Radiological Hazard Impacts Affecting the U.S. EPR Design

The U.S. EPR design is acceptable for any site when reasonable qualitative arguments can
demonstrate that the realistic probability of severe consequences from any external accident is
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less than I .OE-6 occurrences per year. In the case of radiological hazards, the control room
habitability system for the U.S. EPR provides the capability to detect and protect main control
room personnel from external fire, smoke, and airborne radioactivity. In addition, safety-
related structures, systems, and components for the U.S. EPR have been designed to withstand
the effects of radiological events and the consequential releases that would bound the
contamination from a release from either of these potential sources. As a result, radiological
hazards will not result in severe consequences.

2.2.3.2 Effects of Design-Basis Events

As concluded in the previous sections, the only event requiring further analysis for
consideration as a design-basis is related to the frequency of aircraft impact in the vicinity of
the BBNPP site. A probabilistic analysis which presents the probability of aircraft accidents
which could potentially result in radiological consequences for the U.S. EPR at the BBNPP site is
presented in Section _19_249--54,4.1
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Table 2.2-1 {Description of Facilities, Products, and Materials}

Facility Concise Description Primary Function Number of Major Products or
persons employed Materials

Susquehanna SSES Units 1 and 2 are an 1.104-I22-5Susquehanna MWe and an 1.1114-,-0Me

Steam Electric 1 80 MWe, Nuclear Power
Station (SSES) Units respectively, General Electric Type 4 Generator 1,000 Electrical Power
1 and 2 boiling water reactors licensed by the

Nuclear Regulatory Commission.

Manufacturer of prefabricated
Deluxe Building structures, including single family Manufacturer 150- 300 Paint, adhesives,
Systems homes, apartment buildings, hotels, and natural gas

other buildings.

Heller's Gas and
Custom Made Seller of propane. Distribution 4 Propane
Fireplaces

Western An acetylene distribution center.--that-
International wiAll not be on p•ration until Summ,. ,. Distribution 34,et oin -peiation. Acetylene
Distribution Center 2O08
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Table 2.2-2 {SSES and BBNPP Chemical Storage)
(Page 1 of 2)

Largest
Material Toxicity Limit Container Location

Amount

Susquehanna Steam Electric Station (SSES) Units 1 and 2

Alcohol, Isopropyl 2,000 ppm 676 lbs (307 kg) Warehouse

Argon, Liquid 69,200 ppm 4,315 ftW(122 m-l Cylinder Storage Area

Carbon Dioxide Between Turbine Bldg and Circ Water
e40,000 ppm 25,000 lbs (11,340kg) Pumphouse

Diesel Fuel Not toxic threat 1,940,072 lbs (880,002 kg) Next to DG Buildings

Freon R-1 14 7,000 mg/m 3  24,343 lbs (11,042 kg) Resin Bldg

Freon R-1 2 15,000 ppm 60,120 lbs (27,270 kg) Resin Bldg

Gasoline, Benzene 500 ppm STEL FuelFarm61,642 lbs (27,9.60 kg)Fular300 DPm TWA

Halon 1301 40,000 ppm 590 lbs (268 kg) Security Control Center
Hydrogen, Liquid 4,000 ppm 10,017 lbs (4,544 kg) Hydrogen-injection Tank Farm
Nitrogen, Liquid 69,200 ppm 10,318 lbs (4,680 kg) N of S&A Bldg

Oxygen-LiL i 683,700 ppm 85,500 lbs (38,782 kg) Hydrogen-injection Tank Farm
PCL-57 (1-hydroxyethlyidene-1,1-diphosphonic 500 mg/mi3  24,490 lbs (11,108 kg) Circ Water Pumphouse
acid or HDEP)

Sodium bisulfite solution 100 ppm 17,100 lbs (7,756 kg) Shed behind Acid/Chlorine Bldg
Sodium Hypochlorite, 12% (CWPH) 10 ppm 72,571 lbs (32,918 kg) Circ Water Pumphouse

Sulfur Hexafluoride, Compressed 1,000 ppm 115 lbs (52 kg) Hydrogen Tank Farm

Bell Bend Nuclear Power Plant (BBNPP)

Ammonium Hydroxide (28% solution) 300 ppm 8,500 gal (32,000 I) Potential Onsite Chemical at BBNPP
Diesel Fuel Not toxic threat 125,000 gal (4.7E5 I) Potential Onsite Chemical at BBNPP
Dimethylamine (2% solution) 500 ppm 350 gal (1,300 I) Potential Onsite Chemical at BBNPP
Gasoline 500 ppm STEL300 ppm TWA 4,000 gal (15,000 1) Potential Onsite Chemical at BBNPP300 ppm TWA

Hydrazine (35% solution) 50 ppm 350 gal (1,300 1) Potential Onsite Chemical at BBNPP
Hydrogen Tank 4,000 ppm 51.1 ftW (L44AmIat 2,450 psig, -207F to 2007F Potential Onsite Chemical at BBNPP

Liquid Nitrogen 69,200 ppm 11,300 gal (42,800 1) sat liquid at -250'F Potential Onsite Chemical at BBNPP
Sodium Hypochlorite 10 ppm 12,000 gal (45,425 I,, 3,600 Potential Onsite Chemical at BBNPP
Argon 69,200 ppm 270 scf (7.65 Nm3 ) ( Potential Onsite Chemical at BBNPP

Argon-Methane (considered Methane) 5,000 ppm 282 scf (7.99 Nm3 ) ( Potential Onsite Chemical at BBNPP
Hydrogen Cylinder 4,000 ppm 2782-70 scf (Z.877-6- Nm6) Potential Onsite Chemical at BBNPP
Nitrogen Gas 69,200 ppm 23-78 scf (6_.U7.87 Nm 3 ) t) Potential Onsite Chemical at BBNPP

I
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Table 2.2-2 {SSES and BBNPP Chemical Storage)
(Page 2 of 2)

Largest
Material Toxicity Limit Container Location

Amount
Oxygen 683,700 ppm 282735 scf (7.926-5 Nm ) Potential Onsite Chemical at BBNPP
Deposit Control Agent BL5323 1,000 gal (3,785 I) Potential Onsite Chemical at BBNPP
Sodium Bisulfite 38% 100 as SO2  500 gal (1,893 I)) Potential Onsite Chemical at BBNPP

Note:

(1) Standard conditions are ý68°F and 14.7 psia



Part 2: Final Safety Analysis Report Nearby Industrial, Transportation And Military Facilities

Table 2.2-3 {Hazardous Chemical Railway, Road, or Waterway Freight)
Amount (Ibs)

Material Toxicity Limit (IDLH) ppm Transportation Method (kg)

Sodium Chlorate (2) Canadian Pacific Railway (1)
Napthalene, Molten (2) Canadian Pacific Railway (1)
Liquefied Petroleum GasesLiuefied (2) Canadian Pacific Railway (1)
(Butane)

Chlorosilanes (2) Canadian Pacific Railway (1)
Ammonia, Anhydrous 300 Canadian Pacific Railway (1)
Sodium Hydroxide (2) Canadian Pacific Railway (1)
Sulphur, Molten (2) Canadian Pacific Railway (1)
Phenol, Molten (2) Canadian Pacific Railway (1)
Gasoline, Benzene (2) Canadian Pacific Railway (1)
Potassium Hydroxide (2) Canadian Pacific Railway (1)
Acetone (2) Canadian Pacific Railway (1)
Ammonium Nitrate Fertilizer (2) Canadian Pacific Railway (1)
Terpene Hydrocarbons (2) Canadian Pacific Railway (1)
Methyldichlorosilane (2) Canadian Pacific Railway (1)
Ethyl Acetate (2) Canadian Pacific Railway (1)
Gasoline 500 STEL Truck on U.S. Route 11 80,000 (36,287)

Gasoline300 TWA
Chlorine 10 Truck on U.S. Route 11 100 (45)
Acetylene 2,500 I Truck on U.S. Route 11 16,000 (7,257)

Notes:
IDLH: Immediately Dangerous to Life and Health threshold value.
STEL: Short Term Exposure Limit threshold value. This is more conservative than IDLH. It is the limit that a person can
tolerate for 15 minutes.
TWA: Time Weighted Average threshold valve, This is the average concentration that a person can be exposed to over an
8 hour period, day after day.
(1) Per 49 CFR 179.13, the maximum load on a rail tank car is the lesser between 34,500 gal (130,597 1 ) or 263,000 lbs

(119,295 kg).
(2) Ammonia is selected as the most toxic chemical that is transported by the Canadian Pacific Railway. All others are

either less toxic or have a vapor pressure less than 10 mmHg (0.0013 MPampa) at 1 00°F (38°C).
(3) The IDLH of acetylene is 10% of the LEL. This is consistent with guidance provided in NUREG/CR-6624 (NRC, 1999). I
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Part 2: Final Safety Analysis Report Nearby Industrial, Transportation And Military Facilities

Table 2.2-4 {Aircraft Operations - Significance Factors)

Distance Annual Operations
Airport Number of Operations from Site Threshold 1

SSES Helipad Sporadic 1.4 mi (2.3 km) Not calculated
Berwick Airport None - Closed indefinitely 2.9 mi (4.7 km) Not calculated
Berwick Hospital Heliport Sporadic 3.7 mi (6.0 km) Not calculated
Sutliff Private Airport Sporadic 7.1 mi (11.4 km) 25,463
Double D Skyranch Airport Sporadic 8.2 mi (13.2 km) 33,392
Baratta Heliport Sporadic 9.3 mi ( 5.0 km) 43,460
Seesholtz Airport Sporadic 10.4 mi (16.7 km) 107,309
Hazelton Municipal Airport 24,617 (2006) 34,837 (2025) 11.3 mi ( 8.2 kin) 127,234
Bloomsburg Municipal Airport 12,350 (2006) 17,486 (2025) 15.4 mi (24.8 km) 237,881
Wilkes-Barre Wyoming Valley Airport 32,170 (2006) 45,625 (2025) 21.9 mi (35.2 kin) 478,253
Northumberland County Airport 21,700 (2006) 30,773 (2025) 26.6 mi (42.8 kin) 706,927
Schuylkill County/Joe Zerbey Airport 27,700 (2006) 31,873 (2025) 28.4 mi (45.7 km) 808,248
Jake Amer Memorial Airport 27,399 (2006) 32,640 (2025) 28.4 mi (45.7 kin) 808,248
Wilkes-Barre/Scranton International Airport 211,480 (2006) 331,346 (2025) 28.8 mi (46.3 km) 828,001

Notes

(1) Per NUREG-0800, Section 3.5.1.6, if the plant-to-airport distance (D) is between 5 and 10 statute mi (8 and 16 km), then
the annual operations threshold is calculated by 500 x D2 500xQ2 or if the plant-to-airport distance (D) is greater than
10 statute mi (16 km), then the annual operations threshold is calculated by 1000 x D)1-0OO-4Qx-. If the airport is within
5 mi (8 km), then a detailed review of aircraft hazards must be performed. If the probability of aircraft hazards from
airports within 5 mi (8 km) is acceptably low, then the design-basis acceptance criteria is met.

I
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Table 2.2-5 {SSES Site and BBNPP Site Chemical Disposition}
(Page 1 of 2)

Material Toxicity Limit Flammability Explosion Hazard? Disposition
SSES

Alcohol, Isopropyl 2,000 ppm 2.0%-12.7% Bounded Meets RG 1.78 Limit
Argon, Liquid 69,200 ppm Not Flammable No Meets RG 1.78 Limit
Carbon Dioxide 40,000 ppm Not Flammable No Meets RG 1.78 Limit
Diesel Fuel Not toxic threat 0.7%-6% Confined Explosion Analysis
Freon R-114 7,000 mg/m3 Not Flammable No Meets RG 1.78 Limit
Freon R-12 15,000 ppm Not Flammable No Meets RG 1.78 Limit

Gasoline, Benzene 500 ppm STEL 1.4%-7.6% Vapor/ confined Explosion Analyses3001opm TWA

Halon 1301 40,000 ppm Not Flammable No Meets RG 1.78 Limit
Hydrogen, Liquid 4,000 ppm 4%-75% Vapor/ confined Explosion Analyses
Nitrogen, Liquid 69,200 ppm Not Flammable BLEVE ExplosionNo Meets RG 1.78 Limit. Explosion Analysis
Oxygen Liquid 683,700 ppm Not Flammable BLEVE ExolosionNe Meets RG 1.78 Limit. Exolosion Analysis
PCL-57 (1-hydroxyethlyidene-1,1- 500 mg/m 3  Not Applicable No Meets RG 1.78 Limit
diphosphonic acid or HDEP)

Sodium Bisulfite Solution 100 ppm Not Applicable No Meets RG 1.78 Limit
Sodium Hypochlorite, 12% (CWPH) 10 ppm Not Applicable No Toxicity Analysis
Sulfur Hexafluoride, Compressed 1,000 ppm Not Flammable No Meets RG 1.78 Limit

BBNPP

Ammonium Hydroxide (28% solution) 300 ppm Elammabek1-6 NcVapGr/FXeied Famnm.b;iity/Explosion,rloxicity Analysis
2-5%

Diesel Fuel Not Toxic • 0.7%-6% Confined • Explosion Analysis
Dimethylamine (2% solution) 500 ppm 2.8%-14.4% Vapor/Confined •2y Flammability/Explosion/Toxicity Analysis

Gasoline 500 ppm TWA 1.4%-7.6% Vapor/Confined (2) Flammability/Explosion/Toxicity Analysis

Hydrazine (35% solution) 50 ppm 9.3%-83.4% Confined • Toxicity/Explosion Analysis
Hydrogen Tank 4,000 ppm 4%-75% Vapor/Confined tzY Flammability/Explosion/Toxicity Analysis
Liquid Nitrogen 69,200 ppm Not Flammable BLEVE ExplosionNe Toxicity/BLE-E-Explosion Analysis
Sodium Hypochlorite 10_p4-I-0 as Cl 2  Not Applicable No Low Vaoor PressureTe ..Ity -Ay.' I

Argon 69,200 ppm Not Flammable No Toxicity Analysis
Argon-Methane (considered Methane) 5,000 ppm 4.4%-i 6.5% Vapor/Confined z Flammability/Explosion/Toxicity Analysis
Hydrogen Cylinder 4,000 ppm 4%-75% Vapor/Confined • Flammability/Explosion/Toxicity Analysis
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Table 2.2-5 {SSES Site and BBNPP Site Chemical Disposition}

(Page 2 of 2)

Material Toxicity Limit Flammability Explosion Hazard? Disposition
Nitrogen Gas 69,200 ppm Not Flammable No Toxicity Analysis
Oxygen 683,700 ppm Not Flammable No Toxicity Analysis
Deposit Control Agent BL5323 - Not Flammable No Toxicity Analysis
Sodium Bisulfite I0.ppm-I-O0 as SO 2  Not Flammable No Toxicity Analysis

Notes:

(1) Chemicals with vapor pressures less than 10 mmHg (0.0013 MPaapa) at 1 00°F (38'C) are not considered toxic or delayed vapor explosion hazards. The
chemical will not enter the atmosphere fast enough to reach high enough concentrations to effect people or lead to delayed explosions.

(2) There are two types of explosion analyses: stationary confined explosions and delayed ignition vapor cloud explosions. The diesel and hydrazine is only
analyzed for a stationary confined explosion, while hydrogen, dimethylamine, gasoline, and methane are analyzed for both types of explosions.
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Table 2.2-6 {Hazardous Material, Nearby Facilities, Disposition}
(Page 1 of 2)

Material Bounding Toxicity Flammability / Explosion Disposition (1)
(amount at location) (Distance mi)) Limit Explosive Limits Hazard?

Western International Flammability/ Explosion Analyses/Acetylene (16,000 lbs (7257 kg)) (1.3 mi (18.2 km)) 2,500 ppm 2.5%-i00% Analyze Toxicity meets limit
Rad Woodwork

Aluminum Chloride (55 gal (208 I)) (3.5 mi (5.6 kin)) 2 mg/mi3  Not Flammable No Meets RG 1.78 Limit
Cheetah Chassis

Argon (24,166 lbs (10,962 kg)) (4.5 mi (7.2 ki)) 69,200 ppm Not Flammable No Meets RG 1.78 Limit
Rad Woodwork

Boiler Treatment (55 gal (208 I)) (3.5 mi (5.6 ki)) 210 mg/mi3  Not Applicable No Meets RG 1.78 Limit

Brake Clean (small amount) Riverview Block Inc 210 mg/in 3  Not Flammable No Meets RG 1.78 Limit
(1.6 mi (2.6 kin))

Delivery (1.1 mi (1.8 km))/
Chlorine (100 lbs (45 kg)}) L600 lbs (272 kg)) Shickshinny Sanitation 10 ppm Not Flammable No Meets RG 1.78 Limit

(4.6 mi (7.4 kim))
Wise Foods

Ferric Chloride (2,100 gal (7,949 (5.1 mi (8.2 k)) 210 mg/mi3  Not Flammable No Meets RG 1.78 Limit

Freon 12 (R 12, Dichlorodifluoro-methane) Ed Spencer Auto Parts(< 0000 ,0 0 bs(< .5 7 g) (.7 ml(43 in)15,000 ppm Not Flammable No M eets RG 1.78 Limit(<I 00,000,000 I bs (<4.5 E7 kg)) (2.7 mi (4.3 km))

500 ppm_
Postulated Truck STEL 1.4%-7.6% Analyze (2) Flammability/ Explosion Analyses/

Gasoline (80,000 lbs (36,287 kg)) (1.1 mi (1.8 km)) 1.0_0_.4%7 Toxicity meets limit
TWA

Hydrochloric Acid (6,519 lbs (2,957 kg)) CIBA (4.7 mi (7.6 km)) 50 ppm Not Flammable No Meets RG 1.78 Limit
Methyl Methacrylate (5,000 lbs (2,268 kg)) Castek (1.2 mi (1.9 km)) 1,000 ppm 2.1%-12.5% Bounded by Meets RG 1.78 Limit

Gasoline
Natural Gas (Methane) Deluxe Building Systems 5,000 ppm 4.4%-16.5% Analyze (2) Flammability/ Explosion Analyses/
(540,000 lbs (244,940 kg)) (4.6 mi (7.4 km)) Toxicity meets limit
Nitric Acid (4,000 lbs (1,814 kg)) Wise Foods (5.1 mi (8.2 km)) 25 ppm Not Flammable No Meets RG 1.78 Limit
Nitrogen (50,000 lbs (72,680 kg)) Wise Foods (5.1 mi (8.2 km)) 69,200 ppm Not Flammable No Meets RG 1.78 Limit

Panel Adhesive (28,000 lbs (12,701)) Deluxe Building Systems 10 mg/m 3  Not Flammable No Meets RG 1.78 Limit(4.6 ml (7.4 kin))

Pesticides/Herbicides (50 gal (189 1)) Nescopeck Agway 210 mg/m 3  Not Flammable No Meets RG 1.78 Limit
(3.2 ml (5.1 kin))
Heller's Gas & Fireplaces 2,100 ppm 2%-9.5% Analyze (2) Flammability/ Explosion Analyses/Propane (254,000 lbs (115,213kg)) (1.9 mi (3.1 km)) Toxicity meets limit(D

.5
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Table 2.2-6 {Hazardous Material, Nearby Facilities, Disposition)

(Page 2 of 2)

Material Bounding Toxicity Flammability / Explosion (1)
(amount at location) Location Disposition

(Distance (mi)) Limit Explosive Limits Hazard?
R 14 (<96,000,000 lbs (<4.3E7 kg)) Ed Spencer Auto Parts 69,200 ppm Not Flammable No Meets RG 1.78 Limit

(2.7 mi (4.3 km))

Consolidated Container Co Non-
Styrene (750,000 lbs (340,194 kg) of resin) Consoli Cnae Co 700 ppm 1.1 %-6.1% Explosive in Meets RG 1.78 Limit

(4.8 mi (7.7 kin)) Resin form

Zinc Chloride (815 lbs (370 kg)) (45ri Metals 50 mg/mi3  Not Flammable No Meets RG 1.78 LimitZincChloide(815Ibs 370kg))(AS mi (7.2 km))

Notes:

(1) Chemicals with vapor pressures less than 10 mmHg (0.0013 MPan-pa) at 1 00°F (38°C) are not considered toxic or delayed vapor explosion hazards. The chemical will
not enter the atmosphere fast enough to reach high enough concentrations to effect people or lead to delayed explosions.

(2) There are two types of explosion analyses: stationary confined explosions and delayed ignition vapor cloud explosions. Diesel fuel is only analyzed for a stationary
confined explosion, while gasoline and hydrogen are analyzed for both types of explosions.
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Part 2: Final Safety Analysis Report Nearby Industrial, Transportation And Military Facilities

Table 2.2-7 {Hazardous Material, Transported Chemicals, Dispositioni

Material Transportation Toxicity Flammability/ Explosion DispositionRoute Limit Explosive Limits Hazard?
Sodium Chlorate Canadian Pacific (2) (2) (2) WaBunded

Railway
NaphthaleneNap" Canadian Pacific (2) (2) (2) f2)$eided
ene, Molten Railway
Liquefied Petroleum Canadian Pacific Explosion, Flammability Analyses/Gases Pacific (2) 1.5%-9% Analyze- 3-() Toxicity-LM-feets Reg. Guide 1.78

(Butane) Railway limit

Chlorosilanes Canadian Pacific (2) (2) (2) f2}g.( dedRailway

Explosion, Flammability Analyses/Ammonia, Canadian Pacific 300 ppm 16%-25% Analyze £3 3 ToxicityL-Mmeets Reg. Guide 1.78
Anhydrous Railway limit

Canadian Pacific
Sodium Hydroxide Raian (2) (2) (2) f22)euded

_______________Railway

Sulphur, Molten Canadian Pacific (2) (2) (2) L2dgeufdedRailway

Phenol, Molten Canadian Pacific (2) (2) (2) 028oundeRailway

Gasoline, Benzene Canadian Pacific (2) (2) (2) L2BOwIede4Railway

Potassium Hydroxide Canadian Pacific(2) (2) 1 dRailway
Acetone Canadian Pacific (2) (2) (2) 12.)Beded

Railway
Ammonium Nitrate Canadian Pacific (2) (2) (2) LZŽ8unded
Fertilizer Railway
Terpene Canadian Pacific (2) (2) (2) 03n
Hydrocarbons Railway

Methyld ich loroslane Canadian Pacific (2) U18eiudedRailway (2) (2)

Ethyl Acetate Canadian Pacific (2) (2) (2) Lzlg e__thyl___Acetate __ Railway

Truck on U.S. 500 STEL Explosion, Flammability Analyses/
Gasoline Route 11 300 TWA 1.4%-7.6% Analyze 131 ToxicityL-_Afieets ReB._ Guide 1.78

limit

Chlorine Truckon U.S. 0 ppm Not Flammable No Meets Reg. Guide 1.78 LimitRoute 11

Truckon U.S. 2e(3) Explosion, Flammability Analyses/Truck o U.S. Toxicity/-LMmeets Reg. Guide ! ,7
Acetylene Route 11 2,500 ppm 2.5%-100% Analyze iit

limit

Notes:
(1) Chemicals with vapor pressures less than 10 mmHg (0.0013 MPanffIa) at 1 00°F (38°C) are not considered toxic or delayed

vapor explosion hazards per Rea. Guide 1.78. The chemical will not enter the atmosphere fast enough to reach high
enough concentrations to effect people or lead to delayed explosions.

(2) Ammonia is selected as the most toxic chemical that is transported by the Canadian Pacific Railway. All others are either
less toxic or have a vapor pressure less than 10 mmHg (0.0013 _an-pa) at 1 00'F (38°C). Both ammonia and butane are
selected as the bounding explosive chemicals. These are both gasses at standard conditions, and will therefore have a
higher release rate and a higher concentration than the other explosive chemicals on the Canadian Pacific Railway.

(3) There are two types of explosion analyses: stationary confined explosions and delayed ignition vapor cloud explosions.
Diesel.f. e.. 6.. .............. ... . ..................... ......... .........e.nas....... .... ......... -... ............. .... .......

of explesieRs
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Part 2: Final Safety Analysis Report Nearby Industrial, Transportation And Military Facilities

Table 2.2-8 {Explosion Event Analysis)

Distance to a
Source Location Pollutant Evaluated Quantity BBNPP Safety Distance to 1 psid

Related Building peak overpressure

Hydrogen 10,017 1bs(4,544 0.69 mi (1.11 km) 0.34 mi (0.55 km)kg)

Diesel 1,940,072 kbs 0.85 mi (1.37 km) 0.42 mi (0.68 km)
SSES (880002 kg)

85,500 lbs
Oxygen BLEVE (38,782 kg) 0.69 mi (1.11 km) 0.10 mi (0.16 km)

10,318 lbs (4,680 QQO4mi 0-.08.--..--..6
Nitrogen BLEVE kg) 0.69 mi (1.11 km) ki)

80,000 lbs
Gasoline (3,287 kg) 0.95 mi (1.53 km) 0.72 mi (1.16 km)

U.S. Route 11 (36,287_kg)
16,000 lbs (7,257

Acetylene kg) 0.95 mi (1.53 km) 0.41 mi )(0.66 km)

Ammonia 196,234 lbs 1.45 mi (2.33 km) 1.00 mi (1.61 km)Canadian Pacific Railway (89,010 kg)
CaainPcfcRiwy173,643 lbs Bounded by

Butane 1363ls 1.45 mi (2.33 km-) Buddb
(78,763 kg) ammoniaaeeve

2 54,000 lbs
Heller's Gas & Fireplaces Propane (115,213 kg) 1.68 mi (2.70 km) 1.07 mi (1.72 km)

Deluxe Building Systems Natural Gas/ Methane 540,000 kbs 4.48 mi (7.21 ki) 1.43 ml (2.30 ki)(244,940 kg) 4.8m 72km 1.3m(.0k)

Diesel Fuel 125,000 gal 1,626 ft (495 m)
(473,177 I)

Dimethylamine (2% 58 lbs (26 kg) (3) 290 ft (88 M) (4)

solution)

Gasoline 4,000 gal (15,142 (3) 412 ft (126 m) (I)
I)

Hydrazine (35% solution) 1,019 lbs (462 (3) 805 ft (245 m) (4)
BBNPP kg)

48.05 lbs (21.8
Hydrogena 480k kg) (3) 271 ft (83 m) (2)

Argon-Methane 11.8 lbs (5.4 kg) (3) 164 ft (50 m) (2)
(considered Methane)

Hydrogen Cy in de 1.45 lbs (0.7 kg) (3) 78 ft (24 m) t2)

Liquid Nitrogen 11,300 gal (3) 360 ft (1110 m) (2)
(42,7751I)

Notes:

(1) For chemicals that are liquids~under standard conditions, the storage vessel was assumed to contain 100% chemical
vapor at atmospheric pressure.

(2) For compressed or liquefied gasses, the entire content of the storage vessel was conservatively assumed as the
explosive mass.

(3) The storage distance for on:site chemicals will be selected such that each chemical is further from any safety--related
building than the standoff distance in this table.

(4) For some chemicals in an aqueous solution, the entire mass of the chemical in solution was used as the explosive mass.
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Table 2.2-9 {Flammable Vapor Cloud Events (Delayed Ignition) Analysis}

Maximum

Distance to a BBNPP Distance to 1 psid Explosive
Source Location Pollutant Evaluated Quantity Safety Related Building Peak Overpressureat

BBNPP Buildings

(2)

SSES Hydrogen 10,017 lbs (4,544 kg) 0.69 mi (1.11 km) JZ{3) 1.49%

U.S. Route 11 Gasoline 80,000 lbs (36,287 kg) 0.95 mi (1.53 kin) 0.40 mi (0.64 km) -

Acetylene 16,000 lbs (7,257 kg) 0.95 mi (1.53 km) 0.79 mi (1.27 kin)
Ammonia 196,234 lbs (89,010 kg) 1.45 mi (2.33 km) 1.2 mi (1.93 km)Butane 173,643 lbs (78,763 kg) 1.45 mi (2.33 km) 1.2 mi (1.93 km) -

Heller's Gas & Fireplaces Propane 254,000 lbs (115,212 kg) 1.68 mi (2.70 km) 1.1 mi (1.77 km) -

Deluxe Building Systems Natural Gas/ Methane 540,000 lbs (244,940 kg) 4.48 mi (7.21 km) 2.9 mi (4.67 km) -

Transco Pipeline Natural Gas/ Methane Pipeline/ Proprietary 1.74 mi (2.80 km) (2) 1.76%
UGI Pipeline Natural Gas/ Methane Pipeline 0.35 mi (0.56 km) (2) 1.32%
Sunoco Pipeline Gasoline Pipeline 1.78 mi (2.86 km) 379 yards (347 m) -

Dimethylamine (2% 58 lbs (26 kg) {3)(4- 291 ft (89 m) -
solution)

Gasoline 18,647 lbs (8,458 kg) .({4-) 1 ft (42m24-3
BBNPP Hydrogen Tai* 48.05 lbs (21.8 kg) M31{4- 990 ft (302 m) -

Argon-Methane(cons Methane 11.8 lbs (5.4 kg) L3..4- 258 ft (79 m) -
(considered Methane)
Hydrogen Cyine 1.45 Ibs (0.66 kg) 3)- 219 ft (67 m)

iNotes:

(1) For compressed or liquefied gasses, the entire content of the storage vessel was conservatively assumed as the available explosive mass.
(2) The plume rises high enough such that the concentration of the chemical is below the LEL at all BBNPP structures. Therefore the concentration will be too low for

a confined vapor cloud explosion to occur, and an unconfined vapor cloud explosion will not occur because there will be no ignition sources above BBNPP
structures.

P34- For lightcr thaRn air gasss such s hydrogen and natural gas, if it could bc shown that the chcmcal plume would rFisc high eenugh such that the ccnccntration of

the -m...at B ..PP will always be ..aw the LEL, then it is assume.d that a vapor cloud cxplei.. .n can not....ur. Th... would be no ignition 5curcc, and
detonation oe an U iRaifynbed vapre romud will not ociura

~31{4} On-site chemicals will always be further from any safetyz-related building Lljanth4a the Ip3id.standloff distance in this table.
I
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Table 2.2-10 {Toxic Vapor Cloud Analysis)

PeakPeak Peak MCR
Distance to the BBNPP Concentration at Pa C

Source Location Pollutant Evaluated Quantity DistanreIto the Air Intak ConcentrationMCR Air Intakes the Air Intakes (ppm)___________________(ppm) (ppm)____

Susquehanna Steam Electricity Sodium Hypochlorite 72,571 lbs (32,918 kg) 4,816 ft (1,468 m) 115 4.94L
Station Units 1 and 2 (SSES)

Canadian Pacific Railway Ammonia 196,234 lbs (89,010 kg) 8,776 ft (2,675 m) 20,000 >300 ;
Transco Pipeline Natural Gas/ Methane Pipeline/ Proprietary 9,779 ft (2,981 m) >300,000 >5,000
UGI Pipeline Natural Gas/ Methane Pipeline 2,123 ft (647 m) 63,400 >5,000
Sunoco Pipeline Gasoline Pipeline 10,518 ft (3,206 m) <100 (2 <100 •

Ammonium Hydroxide (28% 8,500 gal (32,176 I) of solution >4,500 ft (1,372 m) (3) 71.4 10.6solution)

Dimethylamine (2% solution) 58 lbs (26 kg) >33 ft (10 m) ( 80,800 381
Gasoline 18,647 lbs (8,458 kg) > (2334 ft (50.01-0M m)08,0

Hydrazine (35% solution) 1,019 lbs (462 kg) >4,500 ft (1,372 m) ( 1.96 0.327
Hydrogen Tank 48.05 lbs (21.8 kg) >173 ft (53 m) 803,000 4,000
Liquid Nitrogen 53,181 lbs (24,123 kg) >375 ft (114 m) 13) 12,900,000 (4) 69,000

B8NPP Argon 28 lbs (12.7 kg) >33 ft (10 m) (J) <69,200 <69,200
Argon-Methane (considered 11.8 lbs (5.4 kg) >33 ft (10 m) (3) 669,000 3,300
Methane)
Hydrogen Cylinder 1.45 lbs (0.7 kg) >33 ft (10 m) I 659,000 3,250
Nitrogen Gas 17.1 lbs (7.8 kg) >33 ft (10 m) ( 557,000 2,740
Oxygen 23.4 lbs (10.6 kg) >33 ft (10 m) ( <683,700 <683,700

>DC l B34-3 ft (25-14-G- m)
Deposit Control Agent BL5323 1,000 gal (3,785 1) of solution (3) Section 2.2.3.1.3 Section 2.2.3.1.3

Sodium Bisulfite 2,102 lbs (953 kg) >479 ft (146 m) (3) 11,600 100_-m

I

M~



co Table 2.2-10 {Toxic Vapor Cloud Analysisi

Peak Peak MCR

Distance to the BBNPP Concentration at
Source Location Pollutant Evaluated Quantity MCR Air Intakes the Air Intakes (ppm)(ppm)(pm

Notes:

(1) More than two minutes elapse between the time when the chemical concentration reaches the odor threshold and the IDLH. Therefore a trained MCR operator
will have enough time to don a respirator, per Regulatory Guide 1.78 (NRC, 2001).

(2) The outdoor concentration is less than 100 ppm for gasoline following a break of the Sunoco Pipeline. Therefore, the concentration of gasoline inside the MCR
will also always be less than 100 ppm.

(3) Each of the chemicals onzsite at BBNPP will be stored at a distance further from the MCR air intakes than the distances in this table. These distances are the
minimum allowable: the concentrations listed for each chemical is the maximum given this worst case distance.

(4) For the near field effects of large gas releases, ALOHA may report the concentration larger than 1,000,000 ppm.
(5) The concentration in the control room is always less than the STEL (500 opm for gasoline) and the 8 hour average concentration for the operators is less than the

TWA (300 ppm for gasoline)
(6) These chemicals have concentrations less than the IDLH or short term exposure limits, but greater than the long term exoosure limits. Therefore. operators are

exoected to don a respirator within 15 minutes of detection.
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Table 2.2-11 {Description of Pipelines}

Pipeline Size Fluid Carried
Age Maximum Allowable

(years) Operating Pressure
Isolation Valves

Depth of Burial
Location

Sunoco TAMA-King 6 in (15.2 cm)
Gasoline,
Diesel Fuel,
Heating Oil

77
1,100 psi (7.58
MPaa-pa)

2-3 ft (0.61-0.91 m)

a. St. John Road Station;
b. Rucket Hill Road Station;
c. Susquehanna River North
Station;
d. Luzerne Pump Station

1,200 psi (8.27 Approximately every 1 0-:
Transco-Williams Line "B"? 24 in (61 cm) Natural Gas 43 1,0 3-5 ft (0.91-1.5 m) (16-32 kin)

MPa10p) ((i6-32 km)

Transco-Williams Line "C" 36 in (91 cm) Natural Gas 24 1,200 psi (8.27 3-5 ft (0.91-1.5 m) (16-32 kin)
M Pafla) (0 6-32 km)
1,200 psi (8.27 Approximately every 10-K

Transco-Williams Line "D0? 42 in (107 cm) Natural Gas 1 1,20ps8 3-5 ft (0.91-1.5 m) (16-32 kin)
MPawl9a) (I16-32 kin)

0

0

oc

0~
cD

~rD

0
Mr)

UGI PNG 12 in (30.5 cm) Natural Gas 27 318 psi (2.19 MPa-a) 13 ft (0.91 m)

At City Gate Station ( U.S. RoutE
11 and Mingle Inn Road) and
approximately 11,000 ft (3,353
m) from station.

r, Ij
At City Gate Station ( U.S. Route

UGIPNG 16 in (40.6 cm) Natural Gas 12 310 psi (2.14 Mjamla) 3ft(0.91 m) 11 and Mingle Inn Road) and
approximately 8,600 ft (2,621 m)
from station.

Note:

I(1) Williams Gas Pipeline - Transco declined to provide the type of isolation valve and cited "proprietary/security" reasons.
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CO Figure 2.2-1 {Site Vicinity Map}
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z Figure 2.2-2 (Airports and Airway Routes within 10 mi (16 km) of the BBNPP Site)
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