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Washington, DC 20555-0001

Subject: UniStar Nuclear Energy, NRC Docket No. 52-016
Response to Request for Additional Information for the
Calvert Cliffs Nuclear Power Plant, Unit 3,
RAI 413, Evaluation of Potential Accidents

References: 1) Surinder Arora (NRC) to Paul Infanger (UniStar Nuclear Energy), "CCNPP3 -
Final RAI 413 RPAC 7382," dated February 20, 2014

2) UniStar Nuclear Energy Letter UN#14-031, from Mark T. Finley to Document
Control Desk, U.S. NRC, Response to Request for Additional Information for
the Calvert Cliffs Nuclear Power Plant, Unit 3, RAI 413, Evaluation of
Potential Accidents, dated March 20, 2014

The purpose of this letter is to respond to the request for additional information (RAI) identified in
the NRC e-mail correspondence to UniStar Nuclear Energy, dated February 20, 2014 (Reference
1). This RAI addresses the Evaluation of Potential Accidents, as discussed in Section 2.2.3 of
the Final Safety Analysis Report (FSAR), as submitted in Part 2 of the Calvert Cliffs Nuclear Power
Plant (CCNPP) Unit 3 Combined License Application (COLA), Revision 9.

Reference 2 indicated that a response to RAI 413, Questions 02.02.03-10 and 02.02.03-11, would
be provided to the NRC by May 9, 2014.
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Enclosure 1 provides our response to RAI 413, Questions 02.02.03-10 and 02.02.03-11, and
includes revised COLA content. Enclosure 2 provides the COLA impact of the response to RAI
413, Questions 02.02.03-10 and 02.02.03-11. A Licensing Basis Document Change Request has
been initiated to incorporate these changes into a future revision of the COLA.

Enclosure 3 provides a Table of Changes to the CCNPP Unit 3 COLA associated with RAI 413,
Questions 02.02.03-10 and 02.02.03-11.

Our response does not include any new regulatory commitments. This letter, and its enclosures,
does not contain any sensitive or proprietary information.

If there are any questions regarding this transmittal, please contact me at (410) 369-1987 or Mr.
Mark Finley at (410) 369-1907.

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

Son May 9, 2014

Paul Infan er

1) Response to NRC Request for Additio nformation, RAI 413, Questions
02.02.03-10 and 02.02.03-11, Calvert C' s Nuclear Power Plant, Unit 3

Enclosures:

2) Changes to CCNPP Unit 3 COLA Associated with the Response to RAI 413,
Questions 02.02.03-10 and 02.02.03-11, Calvert Cliffs Nuclear Power Plant,
Unit 3

3) Table of Changes to CCNPP Unit 3 COLA Associated with the Response to
RAI 413, Calvert Cliffs Nuclear Power Plant, Unit 3

cc: Surinder Arora, NRC Project Manager, U.S. EPR Projects Branch
Tomeka Terry, NRC Environmental Project Manager, U.S. EPR COL Application
Patricia Holahan, Acting Deputy Regional Administrator, NRC Region II, (w/o enclosures)
Silas Kennedy, U.S. NRC Resident Inspector, CCNPP, Units 1 and 2
David Lew, Deputy Regional Administrator, NRC Region I (w/o enclosures)
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Enclosure I

Response to NRC Request for Additional Information,
RAI 413, Questions 02.02.03-10 and 02.02.03-11,

Calvert Cliffs Nuclear Power Plant, Unit 3
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RAI No 413

Question 02.02.03-10

Follow-up to RAI 397, Question 02.02.03-9

Background: In the letter dated July 19, 2013 (ADAMS Accession No. ML13204A401), UniStar
provided Calvert Cliffs Unit 3 COLA impacts and revisions to Calvert Cliffs Unit 3 FSAR Section
2.2.3 Rev.9, due to two additional chemicals (acetone and acetylene) that were being used at
Calvert Cliffs Units 1 and 2. In the proposed revision to FSAR Section 2.2.3.1.1, Explosions for
acetylene, the determined distance (1246 ft.) to 1 psi overpressure for an acetylene tank explosion
exceeds the distance (1052 ft.) to the nearest safety-related structure. UniStar concluded in FSAR
Section 2.2.3.1.1, that the tank explosion probability of 1E-06 per year is based on the
catastrophic failure of a gas cylinder probability of 1 E-06 per year (which is taken from the cited
reference, Purple Book, 2005).

The staff issued RAI 397, Question 02.02.03-9 to request clarifications on the information
provided in the above letter. In response dated October 18, 2013, UniStar provided information
to address the staff's RAI question. However, upon review of the UniStar's response, the staff
feels that the information provided by UniStar is not sufficient to complete an evaluation and
confirmatory analysis.

Therefore, the staff requires the following additional information to complete its evaluation:

Please provide assumptions, methodology, data and calculations used in determining the
probability of 1E-06 per year for the acetylene tank explosion, which is used for confirming the
required acceptance criteria.

Response

The analysis conducted in response to RAI 397, Question 02.02.03-91 was based on a total
quantity of 30,740 standard cubic feet (scf) of acetylene stored in multiple gas cylinders at Calvert
Cliffs Units 1 and 2 Warehouse and plant locations. Following the methodology presented in
Regulatory Guide 1.91, an evaluation was conducted for a scenario in which an explosion occurs
at the acetylene gas cylinder site utilizing acetylene's trinitrotoluene (TNT) mass equivalent.
Based on 30,740 scf of stored acetylene, the distance to 1 psi overpressure was calculated to be
1246 ft. which exceeds the 1052 ft. safe distance.

A subsequent review of the Calvert Cliffs Units 1 and 2 site layout shows that the cylinders are
not interconnected and the largest sized gas cylinder for acetylene in the Warehouse is 300 scf,
which is used in this re-analysis. The revised distance to 1 psi overpressure based on a 300 scf
acetylene gas cylinder failure is 266 ft., which does not exceed the distance to the nearest
safety-related structure (1052 ft). This analysis is bounding for the storage of acetylene gas at
Calvert Cliffs Units 1 and 2 and replaces the previous analysis of acetylene gas in its entirety.

1 UniStar Nuclear Energy Letter UN#1 3-132, from Mark T. Finley to Document Control Desk, U.S. NRC, Response to
Request for Additional Information for the Calvert Cliffs Nuclear Power Plant, Unit 3, RAI 397, Evaluation of Potential
Accidents, dated October 18, 2013
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Though a probabilistic analysis is no longer necessary due to the results of this deterministic
analysis, justification of the gas cylinder failure probability, based on the catastrophic failure rate
of a gas cylinder of 1 E-06 per year is provided by several sources. Note 8 of Section 3.2.1 of the
"Purple Book" states (Purple Book 2005):

"Catastrophic failure of a gas cylinder does not generally lead to lethal effects
outside the establishment However, the possibility of domino effects should be
considered, e.g. following catastrophic failure of a gas cylinder with acetylene. The
frequency of catastrophic failure of a gas cylinder (instantaneous release) is I x
10-6 per year "

NASA-STD 8719.17A states that an assigned failure rate of 1 E-06 for in-service static Department
of Transportation gas cylinders are judged to be suitable based on tank inspection and leak
detection requirements (NASA 2009). Similarly, the International Association of Oil and Gas
Producers (OGP) reports a leak frequency of 1 E-07 per vessel year for catastrophic failure and
1 E-06 for all types of failures of small pressurized storage containers (i.e., portable cylinders and
drums less than approximately 2 M3 capacity and operating under pressure of at least 0.5 bar)
(OGP 2010).

COLA Impact

Enclosure 2 provides the COLA markups associated with the response to RAI 413, Questions
02.02.03-10 and 02.02.03-11.
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RAI No 413

Question 02.02.03-11

Follow-up to RAI 397, Question 02.02.03-9

Background: In the letter dated July 19, 2013 (ADAMS Accession No. ML13204A401), UniStar
provided Calvert Cliffs Unit 3 COLA impacts and revisions to Calvert Cliffs Unit 3 FSAR Section
2.2.3 Rev.9, due to two additional chemicals (acetone and acetylene) that were being used at
Calvert Cliffs Units 1 and 2. In the proposed revision to FSAR Section 2.2.3.1.2, Flammable Vapor
Clouds (Delayed Ignition), for acetylene the determined distance to reach Lower Flammable Level
(LFL) and the determined minimum separation distance (the distance required for an explosion
to have less than 1 psi overpressure) with the application of mitigation factor of 55% to the total
quantity of acetylene, were based on the guidance provided by Environmental Protection Agency
(EPA) (Risk Management Program Guidance for Offsite Consequence Analysis, March 2009).

The staff issued RAI 397, Question 02.02.03-9 to request clarification on the information provided
in the above UniStar letter. In response dated October 18, 2013, UniStar provided information to
address the staff question. However, upon review of the response, the staff feels that the
information provided was not sufficient for the staff to complete evaluation and confirmatory
analysis.

Therefore, the staff requires the following supplementary information:

The above EPA reference states that the mitigation factor of 55% assumes that the release occurs
in a fully enclosed, non-airtight space. In addition, it also states that a larger factor (i.e., less
mitigation) should be used for a space that has doors or windows that could be open during a
release. In the proposed revised FSAR Table 2.2-2, the acetylene location is identified as a
warehouse and plant locations.

Please provide justification and rationale for using the mitigation factor of 55% to demonstrate
that the amount of acetylene at various locations (identified in FSAR Table 2.2-2) was accounted
as appropriate for the calculation of the respective distances and is consistent with the above
EPA guidance.

Response

The response to RAI 397, Question 02.02.03-91 was based on a total quantity of 30,740 scf of
acetylene stored in multiple gas cylinders at Calvert Cliffs Units 1 and 2 Warehouse and plant
locations. The analysis assumed a scenario with simultaneous failure of multiple gas cylinders,
therefore the total amount of acetylene stored in all of the gas cylinders would be involved in the
catastrophic event. Based on this quantity of acetylene, the distance to 1 psi for an instantaneous
acetylene gas cylinder failure in the enclosed Warehouse location is 1,245 ft. from the nearest
safety-related structure. For this initial analysis, the EPA's mitigation factor of 55% to account for
an indoor release was used.

A subsequent review of the Calvert Cliffs Units 1 and 2 site layout shows that the cylinders are
not interconnected and the largest sized gas cylinder for acetylene in the Warehouse is 300 scf,
which is used in this re-analysis. The inherent strength, along with the lack of interconnection of
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the gas cylinders, makes them unsusceptible to simultaneous failure of multiple cylinders from
outside forces in a potential catastrophic event (EPRI, 1987). Therefore, the re-analysis uses the
maximum postulated instantaneous release of the largest single acetylene gas cylinder. Based
on this re-analysis, the revised distance to the lower flammability limit (LFL) and minimum safe
separation distance are 111 ft. and 156 ft., respectively, neither of which exceed the distance to
the nearest safety-related structure (1052 ft.). Note that, this re-analysis did not take into account
the EPA's mitigation factor of 55% to account for an indoor release.

This analysis is bounding for the storage of acetylene gas at Calvert Cliffs Units 1 and 2 and
replaces the previous analysis of acetylene gas in its entirety.

References:

(Purple Book 2005)

(NASA 2009)

(OGP 2010)

(EPRI, 1987)

P.A.M. Uijt de Haag and B.J.M. Ale, Guideline for Quantitative
Risk Assessment 'Purple Book', December 2005.

National Aeronautics and Space Administration, NASA-STD-
8719.17 Revision A, NASA Requirements for Ground-Based
Pressure Vessels and Pressurized Systems (PVS), November 6,
2009.

International Association of Oil and Gas Producers, Report No.
434-3, Risk Assessment Data Director: Storage incident
frequencies, March 2010.

Electric Power Research Institute, Guidelines for Permanent BWR
Hydrogen Water Chemistry Installations - 1987 Revision, EPRI
NP-5283-SR-A, September 1987.

COLA Impact

Enclosure 2 provides the COLA markups associated with the response to RAI 413, Questions
02.02.03-10 and 02.02.03-11.
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Enclosure 2

Changes to CCNPP Unit 3 COLA
Associated with the Response to RAI 413, Questions 02.02.03-10 and 02.02.03-11

Calvert Cliffs Nuclear Power Plant, Unit 3
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with the potential consequences serious enough to affect the safety of the plant to the extent

This page that the guidelines in 10 CFR Part 100 (CFR, 2007d) could be exceeded. The following accident

provided for categories were considered in selecting design-basis events: explosions, flammable vapor

reference clouds (delayed ignition), toxic chemicals, fires, collisions with intake structure, liquid spills, and
purposes only. radiological hazards. The postulated accidents that would result in a chemical release wereanalyzed at the following locations:

* Nearby transportation routes MD 2/4, the Chesapeake Bay navigable waterway, and

DCPLNG Pipeline

* Nearby chemical and fuel storage facilities (DCPLNG)

* Onsite chemical storage (CCNPP Units 1, 2, and 3)

With regard to the DCPLNG facility and Dominion Cove Point LNG pipeline, the Maryland Power
Plant Research Program (PPRP) commissioned an independent risk study (i.e., hazard study),
"Cove Point LNG Terminal Expansion Risk Study" to assess the risks associated with the
expansion of the DCPLNG facility and associated pipeline to nearby residential communities
and the CCNPP site.

The probability of occurrence of a fatality at CCNPP from hazardous events associated with the
existing DCPLNG facility is estimated to be 2.3E-9 per year. The probability of occurrence of
physical damage to CCNPP is estimated to be lower still. Further, the probability of occurrence
for a fatality involving the proposed expansion of the DCPLNG facility is estimated to be
6.6E-9 per year at CCNPP, with the risk of physical damage to the CCNPP estimated to be even
smaller (MDNR, 2006).

The quantified risks to CCNPP presented in the PPRP study are below the threshold of
acceptable risks defined by the U.S. Nuclear Regulatory Commission (i.e., less than 1 E-7 per
year). Where more specific analyses are available for individual accident categories than are
provided in the PPRP study (e.g., jet fire, flash fire), those results will be presented in the
following sections.

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 1 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 Ž_ kW1/3 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 mass
equivalent, W, was determined following guidance in NUREG-1805 (NRC, 2004a), where
W=Mvapor * AHc * Yf/2000 and Mvapor is the flammable vapor mass, AHc is the heat of
combustion and Yf is the explosion yield factor.

CCNPP Unit 3 2.2-12 LBDCR Rev 9D
© 2007-2014 UniStar Nuclear Services, LLC. All rights reserved.

COPYRIGHT PROTECTED
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Conservative assumptions were used to determine a safe distance, or minimum separation
This page distance, required for an explosion to have less than 1 psi (6.9 kPa) peak incident pressure. In
provided for each of the explosion scenario analyses, an explosion yield factor of 100 percent was applied to
reference account for an in-vessel confined explosion. The yield factor is an estimation of the available
purposes only. combustion energy released during the explosion as well as a measure of the explosion

confinement (NRC, 2004a). This is a conservative assumption because a 100 percent yield factor
is not achievable (FMIC, 2005):

+ For atmospheric liquids (i.e., gasoline, toluene, etc.) the storage vessel was assumed to
contain the quantity of fuel vapors in air at the upper explosive limit. 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 liquefied 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 onsite chemicals (Table 2.2-5), hazardous materials potentially transported on (MD) 2/4
(Table 2.2-6), and hazardous materials transported on navigable waterways (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 from internal and external
sources are summarized in Table 2.2-8 and in the following sections relative to the release
source.

Pipelines

The DCPLNG facility operates a pipeline corridor that passes with in the vicinity of the CCNPP
site. Section 2.2.3 addresses the overall risk from the OCPLNG facility and pipeline. Experiments
have indicated that detonations of mixtures of methane (greater than 85%) with air do not
present a credible outdoor explosion event. (FMIC, 2005) Further, there have been no reported
vapor cloud explosions involving natural gas with high methane content-there have been
numerous reports of vapor clouds igniting resulting in flash fires without overpressures. (FMIC,
2005) Therefore, an outdoor natural gas explosion resulting from a ruptured gas pipeline is
considered an unlikely event. Thus, the ignition of a natural gas cloud within a confined or
congested space, such as woodlands, which may produce damaging explosion overpressures,
was considered the bounding event and is presented in Section 2.2.3.1.2. Therefore, it was
concluded that damaging overpressures from an explosion from a rupture in the DCPLNG
pipeline would not adversely affect the operations of CCNPP Unit 3.

Waterway Traffic

The nearest safety related structure for CCNPP Unit 3, which is the Ultimate Heat Sink makeup
intake structure, is located approximately 11,678 ft (3.6 km) at its closest distance to potential
waterway traffic. This assumption is very conservative, as it is more likely that waterway traffic
will be traveling toward the center of the channel where it is deeper (approximately 3 mi
(4.8 km) from CCNPP Unit 3). The hazardous materials transported on barges or chemical parcel
tankers that were identified for further analysis with regard to explosion potential were
gasoline, benzene, and toluene. Anhydrous ammonia was not included as a point source
hazard because ammonia is extremely hard to ignite. Studies have demonstrated that an

CCNPP Unit 3 2.2-13 LBDCR Rev 9D
© 2007-2014 UniStar Nuclear Services, LLC. All rights reserved.

COPYRIGHT PROTECTED
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This page
provided for
reference
purposes only.

ammonia-air mixture does not ignite at less than 1562 OF (ANSI, 1989). The U.S. Coast Guard
designates anhydrous ammonia as "not flammable under conditions likely to be encountered"
(USCG, 2006).

The maximum quantity of gasoline, benzene, and toluene assumed to be carried on a vessel
was 5.2 million pounds (2.4 million kg) (CRS, 2005). Using the conservative methodology
described in Section 2.2.3.1 (i.e, greater than 1 psi (6.9 kPa) peak incident pressure), the nearest
safety-related CCNPP Unit 3 structure (i.e., Ultimate Heat Sink makeup intake structure) to a
point on the navigable waterway where potential waterway traffic may pass is outside of the
minimum separation distance (i.e., safe distance) where peak incident pressures may be
assumed to result in damage to structures.

Therefore, an explosion from any of the identified chemicals potentially transported on
navigable waters in the Chesapeake Bay, would not adversely affect the safe operation of
CCNPP Unit 3. The minimum separation distance for gasoline is 1,222 ft (372 m); for benzene
1,076 ft (328 m); and for toluene, 1,072 ft (327 m) (Table 2.2-8).

Highways

Table 2.2-6 details the hazardous materials potentially transported on MD 2/4 (RAND, 2003)
(BGE, 2006). The materials that were identified for further analysis for explosion potential were:
gasoline, gasoline (aviation), and liquid propane. The maximum quantity of the identified
chemicals assumed to be transported on the roadway was 50,000 pounds (22,680 kg).

An analysis of the identified chemicals was conducted using TNT equivalency methodologies,
as described in Section 2.2.3.1.1. The results indicate that the minimum separation distances
(i.e., safe distances) are less than the shortest distance to a safety-related CCNPP Unit 3
structure from any point on MD 2/4. The closest safety-related CCNPP Unit 3 structure is located
approximately 6,119 ft (1.9 km) from MD 2/4. The minimum separation distance for gasoline

The text shown was calculated to be 263 ft (80.1 m); for aviation gasoline 260 ft (79.2 m); and for liquid propane,
enclosed in blue boxes 3,559 ft (1.1 km). (Table 2.2-8). Therefore, an explosion involving potentially transported
was added as part of hazardous materials on MD 2/4, would not adversely affect operation of CCNPP Unit 3.
the UN#13-096
transmittal, dated July Onsite Chemicals
19,2013.

The hazardous materials stored onsite that were identified for further analysis with regard to
explosion potential were: gasoline, hydrazine (35% solution), dimethylamine (2% solution),

I acetone, acetylene and hydrogen stored at Units 1 & 2. One of the water treatment chemicals, a
non-oxidizing biocide containing ethanol, and gas cylinders containing argon-methane,
hydrogen, and oxygen stored near Unit 3 were also analyzed for explosion potential.Iýhe oniI

I

The text shown enclosed
in the green boxes was
added as part of the RAI
397 Question 02.02.03-9
response (UN#1 3-132),

.dated October 18, 2013.

hazardous materials included in this analysis (acetone and acetylene) are stored in the Units 1
& 2 Warehouse area. The closest point along the current transportation routes for each
transported chemical is greater than the evaluated storage distance to the identified nearest
safety related structure or control room for CCNPP Unit 3. Therefore, the hazard evaluation for
the storage of each chemical is bounding.

The 4,000 gallon (15,140 L) onsite gasoline tank is an underground storage tank. Therefore, it
was assumed that the explosion would be bounded by an event involving a 3,500 gallon
(13,250 I) gasoline delivery tanker, either in route, or during or following a filling operation. A
conservative analysis using TNT equivalency methods as described in Section 2.2.3.1 was used
to determine safe distances for the storage of the identified hazardous materials.

CCNPP Unit 3 2.2-14
© 2007-2014 UniStar Nuclear Services, LLC. All rights reserved.

COPYRIGHT PROTECTED
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The markups shown
in red correspond to Oxygen is not explosive by ignition, however gas cylinders have the potential for explosion due
the RAI 413 response to overpressure. Therefore, the equivalent mass of TNT from oxygen was calculated using this
provided in letter met NRC, 19855).
UN#14-045 (this
response). The results using this methodo o te that the minimum separation distances (i.e., safe

distances) for the evaluated hazardous m atena w ith the c -gi. . . . . .ri ......are less than

8shortest distance to safety-related CCNPP Unit 3 structures and the storage location of any
of the itified chemicals. The safe distance for gasoline is 196 ft (60 m); for hydrazine (35%
solution), 12i4 n m); for dimethylamine (2% solution), 85 ft (26 m); for acetone, 20 ft (6 m); for
lacetylene~j-fT3* m); for oxygen, 103 ft (32 m); andfor hydrogen,K41 ft (135 ml Gasoline
is stýzapproximately 310 ft (94 m); hydrazine (35% solution) approximately 891 ft (272 m);

inTmethylamine (2% solution) approximately 462 ft (141 m); Fcetone approximately 1,052
2366 21 m) acetylene approximately 1,052 ft (321 m)loxygen approximately 1,052 ft (321 m); and I

hydrogen 745 ft (227 m); from the nearest safety-related structure for CCNPP Unit 3
(Table 2.2-8). The non-oxidizing biocide containing ethanol and the argon-methane gas,
hydrogen gas, and oxygen gas cylinders are stored at distances greater than those reported in
Table 2.2-8.
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.......... on the ede. Elf •,•,•itud. of 1 E 07 p. year-, Or @F.at.r. with p.. .tial

GOnSEIGquREMce 660401-- Aenough to affect thS 6afcty Of the pbantto thca cXtentthat th9 gUidelincs
h, 1 E) E'R .... , .. ......... .....ede. The expected......................for exceedinig the

guidelin:: in 1 0 C-FR Part 100 (on~ the erder Of magrnitu~ oief I E 0_6 pcr year) is aeeeptable if,
hcn ombied wth raon~ablcale 9atiwiyeaF@gumcnf, the rcakitic progbabgilitylcan bc:how.n

to be loWcrF. A: describkhed abovec, the distancc to 1 p~i for an acetylen2 tank cxplosion eicezds
thz dS:tAncz tW the cPare:t :afety -rlated :truztur:c. The fregucnweey 'f a Cata:trophic failure of a
gas c . . 1 E 06 e yea.. (Purple Bk, 2005). Thcer 09 c.. &...L .....at.m thi
falulle rate,. as falIVYws.

, The seetyz.m t ...t .. stered ,,,m a ,-,,e,,,• , .cage . U.t ,.it 1,R .... ho..e

building.

4 Th e fa ilur1e FRW &tc MM as -6ne itanRS-i t-kAn0eQo1u:_1 re-Ml Se Of the toQtalI tanRk quMantity.

6 The fa*'-ur: rote door. notaaccount for. the frcqucncY of detonation or mnass.':lcdi
the expl•oio.. aft' r .... ' .... That i:, i 06 failue free,.. Rcy F^flect, the un:tanta.e.:-
T ereoeae of tha :nir:^ cntPe-n:.M of the tank ...hout Nccountin•g for d.tenati nor• mad-::
inivo Ceel the dLfeatiqe; it eNaturml thGat (DCPLNGh r elacil , the testl withn o the -vity
of the arP rslea. As , a dednSation occur4, and the total facilma: is bounded iOR
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ThDCPfLNG, an a:ltylae s xploressi mn itide the Unit 102 Warehoun: do: not Gnalif a: a dep t ig
WaSis P40evnt 46for CCNPP Unit 3, andl an explesion would not- adyver:ly affe~t the safe operation of
Unit 3.

Nearby Facilities

The Dominion Cove Point Liquefied Natural Gas (DCPLNG) facility operates within the vicinity
of the CCNPP site. As described in Section 2.2.2.4.2 the DCPLNG facility is bounded for
explosions by the LNG pipeline. Furthermore, Section 2.2.3 addresses the overall risk from the
DCPLNG facility. Blast overpressure impacts were taken into account in developing the risk

CCNPP Unit 3 2.2-15
© 2007-2014 UniStar Nuclear Services, LLC. All rights reserved.
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The results of flammable vapor cloud ignition and explosion analyses are summarized in

Continuation of FSAR Table 2.2-9.

Section 2.2.3.1.2 - Highways
Flammable Vapor
Clouds (Delayed The closest safety-related CCNPP Unit 3 structure is located approximately 6,119 ft (1.9 km)
,Ignition) from MD 2/4. The hazardous materials potentially transported on MD 2/4 that were identified

for further analysis were: gasoline, gasoline (aviation), and liquid propane. 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 Regulatory Guide 1.91 (NRC,
1978a), it was conservatively estimated that the transport vessel carried and released
50,000 pounds (22,700 kg) of the identified chemical.

The results for the selected hazardous materials indicate that any plausible vapor cloud that
may form and mix sufficiently under stable atmospheric conditions will be below LFL
concentrations (i.e., the safe distance for the possibility of ignition and potential thermal
radiation effects) prior to reaching the CCNPP Unit 3 site boundary. The distance to the LFL
boundary for gasoline is 393 ft (120 m); for aviation gasoline, 414 ft (126 m); and for propane,
2,361 ft (720 m). Therefore, a flammable vapor cloud ignition involving hazardous materials
with the potential to be transported on MD 2/4, would not adversely affect the safe operation
of CCNPP Unit 3.

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 distances (i.e., safe distance) for gasoline is 999 ft (304 m);
for aviation gasoline, 1,002 ft (305 m); and for liquid propane, 4,185 ft (1,276 m). The minimum
separation distances for explosions involving the identified chemicals to have less than a 1 psi
(6.9 kPa) peak incident pressure from a drifted vapor cloud are less than the shortest distance to
safety-related CCNPP Unit 3 structures and any point on MD 2/4. Therefore, a delayed
flammable vapor cloud explosion involving the identified hazardous material with the
potential to be transported on MD 2/4, would not adversely affect the safe operation of CCNPP
Unit 3.

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

Onsite Chemicals

The hazardous materials stored at the CCNPP Units 1 and 2 site that were identified for further
analysis with regard to the potential of delayed ignition and explosion of flammable vapor
clouds were: gasoline; hydrazine (35% solution); dimethylamine (2% solution); acetone
I acetleneand hydrogen. One of the water treatment chemicals, a non-oxidizing biocide I
containing ethanol, and argon-methane and hydrogen gas cylinders stored at Unit 3 were
identified for further analysis.

As described previously in S 2.2. . .2, the ALOHA dispersion model s used to
determine the distance a vapor cloud can avel before reaching the LFL undary (i.e., the safe
distance for exposure to thermal radiation h t flux) once a vapor clou as formed from
release of the identified chemical. The distance to the LFL boundary om the release point for
the identified chemicals are: gasoline, 234 ft (71 hydrazine (35% olution), less than 33 ft
(10 m); dimethylamine (2% solution), 45 ft (14 m); hy gen; 492 50 m); argon-methane gas
cylinder, 69 ft (21 m); hcetone, 33 ft (10 m); acetylene,4l-feet 44i-6m -and hydrogen gas
cylinder, 75 ft (23 m). Each of these distances is less than the distance from a potential release I
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site to the nearest safety-related CCNPP Unit 3 structure. The non-oxidizing biocide containing
ethanol and the argon-methane gas and hydrogen gas cylinders are stored at distances greater
than those reported in Table 2.2-9.

A vapor cloud explosion analysis was also performed using the methodology described in
Section 2.2.3.1.2 to obtain minimum separation distances (i.e., safe distances) for the identified
chemicals. With the exception of a postulated release from a gasoline tanker, 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) are less than the shortest distance to a
safety-related CCNPP Unit 3 structure from the storage location of these chemicals. 48

The minimum separation distance for the 3,500 gallon (13,250 gasoline tank truck is ft
(198 m). Minimum separation distance for other identified chemi ls are: hydrazine
(35% solution), N/A (no explosion can occur at resulting concentrati s); dimethylarn e
(2% solution), 180 ft (55 m); hydrogen, 738 ft (225 n); argon-methane cylinder 1, ft (38 m);
hydrogen gas cylinder 138 ft (42 m); cetone 114 ft 35 m and acet lene-,84ft m .Except

for gasoline, each of these chemicals is stored further away from CCNPP Unit 3 than the
minimum separation distance. The filling operation for gasoline occurs approximately 310 ft
(95 m) from the nearest safety-related CCNPP Unit 3 structure, which is the Ultimate Heat Sink.
The storage of other identified chemicals stored at CCNPP Units 1 and 2 relative to the nearest
safety related CCNPP Unit 3 structure, which is the Ultimate Heat Sink makeup intake structure,
are: hydrazine, approximately 891 ft (272 m); dimethylamine (2% solution), 462 ft; and
hydrogen, 745 ft (227 m).

The evaluation of the vapor cloud explosion events was performed for each of the identified
chemicals to determine if the safe distances meet the guidance established in Regulatory
Guide 1.91 (NRC, 1978a) and if any qualified as a design-basis event; that is, an accident that has
a probability of occurrence on the order of magnitude of 1 E-07 per year, or greater, with
potential consequences serious enough to affect the safety of the plant to the extent that the
guidelines in 10 CFR Part 100 could be exceeded. The expected rate of occurrence for
exceeding the guidelines in 10 CFR Part 100 (on the order of magnitude of 1 E-06 per year) is
acceptable if, when combined with reasonable qualitative arguments, the realistic probability
can be shown to be lower.

In evaluating the gasoline tanker spill, the following inputs were used in the ALOHA model:

* Pasquill Stability Class F selected to represent the most limiting 5% of meteorological
conditions observed.

* A low wind speed of 1 meter per second selected to represent the most limiting 5%
conditions. Low wind speed conditions prevent the vapor cloud from dispersing as it
travels.

* The time of day selected was 12:00 pm on July 1, 2006. This day and time were chosen
because temperatures are highest in the summer during the midday. Higher
temperatures lead to a higher evaporation rate, and thus, a larger vapor cloud.

* The tank was filled to capacity and a catastrophic tank failure was assumed where the
total amount of the substance leaked forming a 1 cm thick puddle. A 1 cm thick puddle
allows for greater evaporation, and thus, a larger vapor cloud.

A probabilistic analysis was then performed for each identified chemical that was analyzed to
have significant potential impacts that could exceed the guidelines in 10 CFR Part 100. Gasoline
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analysis with regard to the potential of forming a toxic vapor cloud after an accidental release
Continuation of FSAR and traveling to the control room were: ammonium hydroxide (19% solution), gasoline,
Section 2.2.3.1.3 gasoline (aviation), and liquid propane.
Toxic Chemicals

The methodology presented in Section 2.2.3.1.3 was used to determine the distance from the
release site to the point where the toxic vapor cloud reaches the IDLH limit boundary. For
gasoline and gasoline (aviation) the time weighted average (TWA) and short term exposure
(STEL) toxicity limits were conservatively used since no IDLH value is available for either of these
hazardous materials. The TWA is the average value of exposure over the course of an 8 hour
work shift. The STEL is a 15 minute TWA concentration that may not be exceeded, even if the
8 hour TWA is within the standards.

The maximum concentration of the evaluated chemicals attained in the control room, under
worst case meteorological conditions, during the first hour of the release was also determined
for the identified hazardous materials. In each scenario, it was conservatively estimated that the
transport vehicle lost the entire contents, 50,000 pounds (22,680 kg), as provided in Regulatory
Guide 1.91 (NRC, 1978a). The results indicate that any toxic vapor clouds that form after an
accidental release on MD 2/4 and travel toward the control room will not cause an airborne
concentration above the IDLH limit (or TWA/STEL in the case of gasoline or aviation gasoline) in
the control room.

Therefore, toxic vapor clouds resulting from chemical spills on MD 2/4 will not adversely affect
the safe operation of CCNPP Unit 3. The effects of toxic chemical releases are summarized in
Table 2.2-10.

Onsite Chemical Storages

The hazardous materials stored onsite that were identified for further analysis with regard to
the potential of the formation of toxic vapor clouds formed after an accidental release are:
gasoline; ammonium hydroxide (28% solution); sodium hypochlorite; hydrazine (35% solution);
monoethanolamine; dimethylamine (2% solution); hydrochloric acid (30% solution); carbon
dioxide; hydrogen (asphyxiantf liquid nitrogen (asphyxiant); acetone, acetylene aspxiant
land oxygen (ox yen-enriched atmosphere)4Two water treatment chemicals, a non-oxidizing I
biocide containing ethanol and sodium hypochlorite, gas cylinders stored at CCNPP Unit 3
containing argon, argon-methane, hydrogen, and nitrogen, which are all asphyxiants, were
identified for further analysis for the formation of toxic/asphyxiating vapor clouds.

As described in Section 2.2.3.1.3, the identified hazardous materials were 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. The worst case release scenario in these analysis included either a
total loss of the largest vessel into an unconfined puddle or direct release over 10 minutes
under determined worst case meterological conditions.

Eo 5.4 gen an aceteneconcentrations were determined at the control room
after a e of the largest vessel. In each case, the concentration at the CCNPP Unit 3 control
roomo the as i nts located at CCNPP Unit 1 and 2, (53.0 ppm for hydrogen, 635 ppm for
liquid nitrogenan % ppm for acetylen•a, would not displace enough oxygen for the CCNPP
Unit 3 main control room to become an oxygen-deficient environment. Similarly, the
asphyxiants associated with the gas cylinder storage at CCNPP Unit 3, are stored farther than
the determined safe distance (the distance to where the vapor cloud would travel prior to
falling below a concentration which could result in the displacement of a significant fraction of
the control room air--defined by the OSHA) under worst case meteorological conditions (42 ft
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for argon gas and argon-methane gas cylinders, 39 ft for hydrogen gas cylinders, and 36 ft for
nitrogen gas cylinders). ,dditionallyl oxygen is analyzed for its potentia to create an oxygen- I
enriched environment (23.5% as defined by OSHA). It was determined that the concentration in
the CCNPP Unit 3 control room after an oxygen release (23.4 ppm) from the warehouse would
ot create an oxygen-enriched atmosphere.

For each toxic chemical evaluated, with the exception of the 3,500 gallon (13,250 I) gasoline
delivery truck, the remaining chemical analyses indicate that the control room would remain
habitable for the worst case release scenario.

The evaluation of toxic chemical release events was performed for each of the identified
chemicals to determine if any of these events would qualify as a design-basis event. That is, an
accident that has a probability of occurrence on the order of magnitude of 1 E-7 per year, or
greater, with potential consequences serious enough to affect the safety of the plant to the
extent that the guidelines in 10 CFR Part 100 could be exceeded.

An expected rate of occurrence for exceeding the guidelines in 10 CFR Part 100 (on the order of
magnitude of 1 E-6 per year) is acceptable if, when combined with reasonable qualitative
arguments, the realistic probability can be shown to be lower. Further, Regulatory Guide 1.78
(NRC, 2001) provides that releases of toxic chemicals that have the potential to result in a
significant concentration in the control room need not be considered for further evaluation if
the releases are of low frequencies (1 E-6 per year, or less) because the resultant low levels of
radiological risk are considered acceptable. In evaluating the gasoline tanker spill, the following
inputs were used in the model (a confirmatory meteorological sensitivity analysis was
conducted that demonstrated the inputs represented the worst case):

* Pasquill Stability Class F selected to represent the most limiting 5% of meteorological
conditions observed.

* A low wind speed of 1 meter per second selected to represent the most limiting 5%
conditions. Low wind speed conditions prevent the vapor cloud from dispersing as it
travels.

* The time of day selected was 12:00 pm on July 1, 2006. This day and time were chosen
because temperatures are highest in the summer during the midday. Higher
temperatures lead to a higher evaporation rate, and thus, a larger vapor cloud.

+ The tank was filled to capacity and a catastrophic tank failure was assumed where the
total amount of the substance leaked forming a 1 cm thick puddle. A 1 cm thick puddle
allows for greater evaporation, and thus, a larger vapor cloud.

A probabilistic analysis was then performed for any identified chemicals that were analyzed to
have significant potential consequences that could exceed the guidelines of 10 CFR Part 100.
The evaluations identified one chemical, gasoline that merited probabilistic analysis.

The evaluation of the gasoline tanker spill event was performed in accordance with Regulatory
Guide 1.91 (NRC, 1978a). The probability of an accident occurring involving a truck within the
exposure distance from the control room for CCNPP Unit 3 was identified as 2.66E-7 per year.
This analysis was based upon Maryland State Highway Administration large truck accident data
for Calvert County, Maryland (MSHA, 2004). Large trucks are defined as over 10,000 pounds
(4,540 kg) gross vehicle rating. The actual accident rate for gasoline delivery tankers would be
expected to be somewhat lower than the cited accident rate given that vehicle operation
speeds in the vicinity of CCNPP Unit 3 are considerably lower than on the highways.
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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
less than 1 E-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 CCNPP 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 CCNPP site is
presented in Section 19.2. In conclusion, based on the analysis of the effects of Design-Basis
Events which describes the hazards surrounding the site in Chapter 2.0, "Site Characteristic,"
and Chapter 2.2, "Nearby Industrial, Transportation and Military Facilities" no impediment was
found to hamper, limit, or not allow an adequate physical security plan to be developed for
CCNPP Unit 3.1
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Table 2.2-2 - {CCNPP Units 1, 2 and 3 Onsite Chemical Storage)
(Page 1 of 3)

Toxicity Limit Shipping Annual
Material (IDLH) Quantity Largest Container Location Mode Frequency

CCNPP Units 1 and 2

CC3-13-0099 Ammonium Hydroxide

solution)

Mr19.5%EAc
Boric Acid

300 ppm as
Ammonia

8500 gal
(32,0001)

8,500 gal
(32,000 I)

Tank Farm Ground 1/yea r

I-t ± ______ f + F
90,000lbs
(40,820 kg)

50 lb bag
(23 kg)

Warehouse and
27 foot Aux.

Bldg.

Ground 2/year I

None established

CC3-13-0099

CC3-13-0099

CC3-13-0099

350,000 gal 125,000 gal Transportation Ground 6/year
(1.3E6 1) (4.7E5 I) Shop, 11, 21 &

Number 2 Diesel Fuel None established 1 A FOST

4,000 gal 4,000 gal (15,000 I) / Transportation Ground Monthly
(15,000 I) 3,500 gal (13,000 I) Shop

300 ppm (TWA)/ tank truck
Gasoline 500 ppm (STEL) (see Note 1)

8,000 lbs (will no longer use) Waterfront Ground 2/year
Towerbrom microbicide None established (3600 kg)

500 gal (1900 1)/ 8,500 gal (38,600 I) Intake Building, Ground 4/year
8,500 gal OTF Well water

10 ppm for (38,6001) house & 12 foot
Sodium Hypochlorite chlorine NSB

Hydrazine 3,000 gal 350 gal (1300 I) Warehouse and Ground 4/year

(35% solution) 50 ppm (11,0001) totes 12 foot NSB

63,000 gal1 3,000 gal Tank Farm, Ground 12/year
(238,5001) (11,400 ) Emergency

Diesel
Lubricating Oil None established Generators

11,300 gal 11,300 gal Tank Farm Ground 2/year
Liquid Nitrogen Asphyxiant (42,8001) (42,8001)

216,331gal 8,000 gal Main Ground 1/year
Mineral Oil 2,500 mg/m3 (818,9001) (30,3001) Transformers

4,700 gal 336 gal (1270 1) Switchgear Ground 1/year
Polychlorinated (18,000 I) rooms & 27 ft
Biphenyl (PCB) Oil 5 mg/m3 (NIOSH) NSB Mezzanine

Sodium Hydroxide 11,000 gal 5,000 gal 12 foot NSB Ground 2/year

(50% solution) None established (41,7001) (19,000 1)

Sulfuric Acid 12,000 gal 12,000 gal Tank Farm Ground 2/year
(98% solution) 15 mg/m 3  (45,0001) (45,000 I)

1000 mg/m 3 as 1,700 gal 800 gal Turbine Bldg. & Ground 1/year

Triphenyl (64001) (30001) Warehouse

Fyrquel EHC fluid Phosphate

2,000 lbs 50 lb (23 kg) bags STP Ground 2/year
Sodium Thiosulfate None established (900 kg)

2,000 lbs 50 lb (23 kg) bags STP Ground 2/year
Aluminum Sulfate None established (900 kg)

350 gal 350 gal (1300 I) 12 foot NSB Ground 3/year
Monoethanolamine 30 ppm (13001)

Dimethylamine 350 gal (1300 I) 350 gal 12 foot NSB Ground 2/year

(2% solution) 500 ppm (13001)

460 cu ft 460 cu ft (13 cu m) Tank Farm Ground 8-10/year
Hydrogen None established (13 cu m)

I
I

CCNPP Unit 3 2.2-36
© 2007-2014 UniStar Nuclear Services, LLC. All rights reserved.

COPYRIGHT PROTECTED

LBDCR Rev 9D

I



Enclosure 2
UN#14-045

Page 14 of 27Nearby Industrial, Transportation and Military FacilitiesFSAR: Section 2.2

Table 2.2-2 - (CCNPP Units 1, 2 and 3 Onsite Chemical Storage)
(Page 2 of 3)

CC3-11-0095

CC3-13-0099

Toxicity Limit Shipping Annual
Material (IDLH) Quantity Largest Container Location Mode Frequency

8,000 lbs 8,000 lbs (3,629 kg)/ 12 foot Turbine Ground 1-4/year
(3,629 kg) 50,000 lb Bldg.

(22,680 kg)
delivery truck

Carbon Dioxide 40,000 ppm (Note 4)
Soda Ash (Sodium 2,000 lbs 50 lb (23 kg) bags STP Ground 2/year
Carbonate) None established (907 kg)

5,000 gal 3,000 gal Tp-F1300 Ground 4/year
Hydrochloric Acid 50 ppm (19,0001) (11,0001)

5 gal 1 liter Warehouse and Ground 1/year
Acetone 2,500 ppm (191) 1 Lab

30,740 cu ft , u ft Warehouseei- Ground 4/year
Acetylene Asphyxiant (870 cu m) $(6ecu m) Pl'ant Le*eeslie
AquaWorks Cleaning 55 gal 130 gal Warehouse and Ground Rare
Solution None established (2081) 8.5 (1141) Maintenance

6,900 Ibs 20 lbs Warehouse, Ground Varies
(3130 kg) (9 kg) Office area, and

Freon/Refrigerants 15,000 ppm plant
18,000 lbs 300 lbs Switchgear and Ground Rare
(8165 kg) (136 kg) CableSpreading

Halon 40,000 ppm interconnected Rooms, 27' Deck
800 gal 55 gal 12' NSB Deck Ground Varies

Hydraulic Oil None established (3028 I) (208 I)
300 gal 300 gal GE Trailers, Aux Ground 4/year

Hydroxen Peroxide 75 ppm (11361) (11361) Building

4,472 cu ft 4,472 cu ft Warehouse and Ground 4/year
Oxygen Oxygen-enriched (127 cu m) (127 cu m) Plant Locations

CCNPP Unit 3
270 scf 1.76 cu ft cylinders Central Gas N/A (see N/A (see

(7.65 Nm3) (see Note 2) Supply Systems Note 3) Note 3)
Argon (gas cylinder) Asphyxiant (see Note 2) Building

282 scf 1.76 cu ft cylinders Central Gas N/A (see N/A (see
Argon-Methane (7.99 Nm3) (see Note 2) Supply Systems Note 3) Note 3)
(gas cylinder) Asphyxiant (see Note 2) Building

278 scf 1.76 cu ft cylinders Central Gas N/A (see N/A (see
(7.87 Nm3) (see Note 2) Supply Systems Note 3) Note 3)

Hydrogen (gas cylinder) Asphyxiant (see Note 2) Building
235 scf 1.76 cu ft cylinders Central Gas N/A (see N/A (see

(6.65 Nm3) (see Note 2) Supply Systems Note 3) Note 3)
Nitrogen (gas cylinder) Asphyxiant (see Note 2) Building

282 scf 1.76 cu ft cylinders Central Gas N/A (see N/A (see
(7.99 Nm3) (see Note 2) Supply Systems Note 3) Note 3)

Oxygen (gas cylinder) Asphyxiant (see Note 2) Building

20,000 gal
(75,700 I) Plant

Intake /
40,000 gal

(151,400 1) CW/
(2) 2,000 gal
(7,600 1) UHS

40,000 gal
(15,0001)

CW Cooling
Tower

N/A (see
Note 3)

N/A (see
Note 3)

CC3-10-0266 Sodium Hypochlorite 10 ppm as CI2
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This page
provided for Table 2.2-2 - {CCNPP Units 1, 2 and 3 Onsite Chemical Storage)
reference (Page 3 of 3)

purposes only.
Toxicity Limit IShipping I Annual

Material (IDLH) Quantity Largest Container Location Mode Frequency

25,000 gal
(94,600 1) CW /

7,500 gal
(28,4001)

Desalination
Building

25,000 gal
(94,6001)

CW Cooling
Tower

N/A (see
Note 3)

N/A (see
Note 3)

CC3-10-0266 Sulfuric Acid 15 mg/m
3

CC3-10-0266

CC3-10-0266

CC3-10-0266

CC3-10-0266

5,000 gal 5,000 gal CW Cooling N/A (see N/A (see
(18,900 I) CW / (18,900 I) Tower Note 3) Note 3)

(2) 350 gal
(1,300 1) UHS /

1,000 gal
(3,800 I)

5 mg/m 3  Desalination
Sodium Bisulfite (TLV-TWA) Building

Scale Inhibitor / 10,000 gal 10,000 gal CW Cooling N/A (see N/A (see
ispersant (37,900 1) CW / (38,0001) Tower Note 3) Note 3)Diospersant (2) 350 gal

(2-Phosphono- (1,300 1) UHS

1,2,4-butane

tricarboxylic acid) None established

1,000 gal 1,000 gal CW Cooling N/A (see N/A (see
(3,800 1) CW / (3,8001) Tower Note 3) Note 3)

Non-Oxidizing Biocide 3,300 ppm as (2) 350 gal
(ethanol) ethanol (1,300 1) UHS

350 gal (1,3001) 350 gal Desalination N/A (see N/A (see
Antiscalant (Sodium Desalination (1,300 I) Building Note 3) Note 3)
Hexametaphosphate) None established Building

Notes:

TWA: Time weighted average exposure limit

STEL: Short Term Exposure Limit

FOST. Fuel oil storage tank OTF: Office training facility STP: Sewage treatment plant

NSB: Northern service building scf: standard cubic feet

Nm 3 : normal cubic meter

Note 1: The 4,000 gal (15,000 I) gasoline tank is an underground tank. Therefore, the toxicity event is bounded by the
3,500 gal (13,000 I) gasoline delivery truck.)

Note 2: Quantities for compressed gas cylinders are reported at standard temperature and pressure (250C and
1 atmosphere). The container volume is the inside volume of the cylinder.

Note 3: Shipping mode and annual frequency is not available because chemical is not currently stored on-site, but will
be stored at CCNPP Unit 3.

Note 4: The toxicity event for the 8,000 lb storage tank in the Turbine Bldg. is bounded by the 50,000 lb delivery truckCC3-11-0095

CCNPP Unit 3 2.2-38
© 2007-2014 UniStar Nuclear Services, LLC. All rights reserved.

COPYRIGHT PROTECTED

LBDCR Rev 9D



Enclosure 2
UN#14-045

Page 16 of 27Nearby Industrial, Transportation and Military FacilitiesFSAR: Section 2.2

This page
provided for Table 2.2-5 - (Onsite Chemicals Disposition}
reference (Page 1 of 4)
purposes only.

Toxicity Limit Explosion Vapor
Material (IDLH) Flammability Hazard? Pressure Disposition

CCNPP Units 1 and 2
Ammonium Hydroxide 300 ppm as Not flammable None listed Not available
(28% solution) Ammonia Toxicity Analysis

None estab. Not flammable None listed N/A-solid No further analysis
Boric Acid required

None estab. 1.3-6.0% None listed 0.100 psi @ No further analysis
1 00"F/ 0.7 kPa @ required-low vapor

Number 2 Diesel Fuel 37.80C pressure (Note 1)
300 ppm (TWA)/ 1.4-7.4% Vapor may 7.4 psia/ Toxicity Analysis
500 ppm (STEL) explode 51 kPa Flammability Analysis

Gasoline Explosion Analysis
None estab. Negligible None listed, N/A-solid No further analysis

Towerbrom microbicide only if wet required
10 ppm for Not flammable None listed Not available

Sodium Hypochlorite chlorine Toxicity Analysis
50 ppm 4.7-100% Vapor may 0.567 psi @

explode 1 0OOF/ Toxicity Analysis

3.9 kPa @ Flammability Analysis
Hydrazine (35% solution) 37.80C Explosion Analysis

None estab. Not flammable None listed 0.100 psi @
1000F/

0.7 kPa @ No further analysis
Lube Oil 37.80C required

Asphyxiant Negligible None listed, if 760 mm Hg @
exposed to -1960C Toxicity-consider as

Liquid Nitrogen heat asphyxiant
2,500 mg/m3 Not flammable None listed 0.100 psi @

100"F/ No further analysis
0.7 kPa @ required-low vapor

Mineral Oil 37.80C pressure (Note 1)
5 mg/m3 (NIOSH) Not flammable None listed 0.001 mm Hg No further analysis

Polychlorinated Biphenyl required-low vapor
(PCB) Oil pressure (Note 1)
Sodium Hydroxide None estab. Not flammable None listed Not available No further analysis
(50% solution) required

15 mg/m3 Not flammable None listed <0.00120 mm Hg No further analysis
Sulfuric Acid required-low vapor
(98% solution) pressure (Note 1)

1,000 mg/m3 as Not flammable None listed 0.17 mm Hg @ No further analysis
Triphenyl 680F (20-C) required-low vapor

Fyrquel EHC fluid Phospate pressure (Note 1)
None estab. Not flammable None listed N/A-solid No further analysis

Sodium Thiosulfate required
None estab. Not flammable None listed N/A-solid No further analysis

Aluminum Sulfate required
30 ppm 5.5-17% None listed 0.022 psi @

100OF/
0.15 kPa @

Monoethanolamine 37.80C Toxicity Analysis

CCNPP Unit 3 2.2-41
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Table 2.2-5 - (Onsite Chemicals Disposition)
(Page 2 of 4)

CC3-11-0095

CC3-11-0095

CC3-13-00'9

Toxicity Limit Explosion Vapor
Material (IDLH) Flammability Hazard? Pressure Disposition

500 ppm 2.8-14.4% May explode 37.21 psi @
85oF/ Toxicity Analysis

Dimethylamine 257 kPa @ Flammability Analysis
(2% solution) 29.40C Explosion Analysis

None estab. 4.0-75% Vapor may 29.030 @ Toxicity-consider as
explode -41 80F/ asphyxiant Flammability

200 kPa @ Analysis Explosion
Hydrogen -250oF Analysis

40,000 ppm Not flammable None listed 833 psi @ 68oF
5,743 kPa @

Carbon Dioxide 200C Toxicity Analysis
Soda Ash (Sodium None estab. Not flammable None listed N/A-solid No further analysis
Carbonate) required

50 ppm Not flammable None listed 7.929 psi @
1000F/

54.7 kPa @
Hydrochloric Acid 37.80C Toxicity Analysis

2.5%-12.8% Vapor may 180 mm Hg @ Flammability Analysis
explode 680F Explosion analysis

Acetone 2,500 ppm (Note 2)
2.5%-100% Vapor may 33,592 mm Hg @ Toxicity-Considered as

explode 680F asphyxiant
Flammability Analysis

Acetylene Asphyxiant Exolosion Analysis
AquaWorks Cleaning Not flammable None listed Not available No further analysis
Solution None established required

Not flammable None listed 4,332 mm Hg @ No further analysis
Freon/Refrigerants 15,000 ppm 680F required (Note 2)

Not flammable None listed >760 mm Hg @ No further analysis
Halon 40,000 ppm 68OF required (Note 3)

Not flammable None listed 7 mm Hg @ 200C No further analysis
Hydraulic Oil None established required (Note 1)

Not flammable None listed 5 mm Hg @ 860F No further analysis
Hydroxen Peroxide 75 ppm required (Note 1)

Not flammable None listed 1,875 mm Hg @ Toxicity Analysis (oxygen-
-280OF enriched atmosphere)

Oxygen Oxygen-enriched Explosion Analysis

CCNPP Unit 3
None estab. Not flammable None listed Not available Toxicity-consider as

Argon asphyxiant
None estab. 5-15% May explode 31.580 psi @ Toxicity-consider as

240"F/ asphyxiant Flammability
Argon-Methane 217 kPa @ Analysis Explosion
(considered as methane) 11 5.5C Analysis

CCNPP Unit 3 2.2-42
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Table 2.2-5 - (Onsite Chemicals Disposition}
(Page 3 of 4)

Material
Toxicity Limit

(IDLH) Flammability
Explosion
Hazard?

Vapor
Pressure Disposition

_ INone estab. 4.0-75% Vapor may
explode

29.030 @
418oF/

200 kPa @
2140C

Toxicity-consider as
asphyxiant Flammability

Analysis Explosion

AnalysisHydrogen

None estab. Not flammable None listed 65.820 psi @
294oF/

453.8 kPa @ Toxicity-consider as
Nitrogen gas 145.50C asphyxiant

None estab. Not flammable May explode 36.260 psi @
280oF/

250 kPa @
Oxygen 137.80C Explosion Analysis

10 ppm as Cl2  Not flammable None listed 17.5 mmHg @ The 20,000 gallon tank

68F located at the plant
intake is bounded by the
40,000 gallon tank

located at the CW Tower

(The 20,000 gallon tank is
further away from the
control room HVAC

Sodium Hypochlorite intakes.)
15 mg/m 3  Not flammable None listed 0.001 mmHg @ No further analysis

68F required-low vapor
Sulfuric Acid pressure (Note 1)

5 mg/m3  Not flammable None listed N/A-solid in a No further analysis
Sodium Bisulfite (TLV-TWA) solution required.

Scale Inhibitor /Dispersant

(2-Phosphono-1,2,4- N/A-solid in a No further analysis
butane tricarboxylic acid) None estab. Not flammable None listed solution required.

Toxicity Analysis
Non-Oxidizing Biocide 3,300 ppm as Vapor may Flammability Analysis
(ethanol) ethanol 3.3-19% explode 44 mmHg @ 68F Explosion Analysis
Antiscalant (Sodium N/A-solid in a No further analysis
Hexametaphosphate) None estab. Not flammable None listed solution required.

CC3-10-0266

CC3-10-0266

CC3-10-0266

CC3-10-0266

CC3-10-0266

CC3-10-0266

CCNPP Unit 3 2.2-43
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Table 2.2-5 - (Onsite Chemicals Disposition)
(Page 4 of 4)

Toxicity Limit Explosion Vapor
Material (IDLH) Flammability Hazard? Pressure Disposition
TLV-TWA: Threshold Limit Value-Time-Weighted Average

STEL: Short term exposure limit

IDLH: Immediately Dangerous to Life and Health threshold value

Chemical information was obtained from the CHRIS on-line manual (USCG, 2006), except for Fyrquel EHC (Supresta,
2006), Towerbrom (Occidental, 2003), Polychlorinated Biphenyls (Solutia, 1999), Sodium Carbonate (Mallinckrodt, 2006)
Petroleum Jelly (Caltex, 2002), Sodium Thiosulfate (Mallinckrodt, 2004), Argon (NIOSH, 2003) and the STEL value for
gasoline (OSHA, 2005).

Note 1: Chemicals with vapor pressures less than 10 torr (0.193 psi, or 0.13 kPa) were not considered. Chemicals with
vapor pressures this low are not very volatile. That is, under normal conditions, chemicals cannot enter the atmosphere
fast enough to reach concentrations hazardous to people and, therefore, are not considered to be an air dispersion
hazard (NOAA, 2007).

CC3-13-0099 Note 2: Chemicals stored in containers less than 20 lbs do not require toxicity analysis, per Regulatory Guide 1.78.

Note 3: A toxicity analysis is not required based on the screening methodology provided in Appendix A of Regulatory
Guide 1.78.

CCNPP Unit 3 2.2-44
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Table 2.2-8 - (Explosion Event Analysis)
(Page I of 2)

Heat of Distance to
Combustion Nearest CCNPP Distance at I psi

(Btu/Ib)/ Unit 3 Safety (6.9 kPa) Peak
Source Pollutant Evaluated Quantity (kJ/kg) Related Structure Incident Pressure

Maryland Gasoline (Note 1) 8,500 gal/ 18,720/ 6,119 ft/ 263 ft/
Route 2/4

Gasoline (aviation) (Note 1)

Propane (Note 2)

Pipeline-
DCPLNG

Navigable
Waterway

Gasoline (Notes 1 and 4)

Benzene (Notes 1 and 4)

Toluene (Notes 1 and 4)

Gasoline (Notes 1 and 5)
(3,500 gal (15,9001) tank
truck) (Notes 1 and 3)

32,0001

8,500 gal/
32,0001

50,000 Ibs/
22,679 kg

Liquefied

5,200,000 Ibs/
2,400,000 kg

5,200,000 Ibs/
2,400,000 kg

5,200,000 Ibs/
2,400,000 kg

3,500 gal/
13,2501

43,514

18,720/
43,514

19,782/
45,982

Natural Gas (Note 3)

18,720/
43,514

17,460/
40,585

17,430/
40,572

18,720/
43,514

1.9 km

11,678 ft/
3.6 km

310ft/
94.5 m

50.2 m

260 ft/
79.2m

3,559 ft/
1.1 km

1,222 ft/
372.5 m

1,076 ft/
328 m

1,072 ft/
326.7 m

196 ft/
59.7 m

On-Site
(CCNPP Units 1

& 2)

Hydrazine
(35% solution) (Note 1)

Dimethylamine
(2% solution) (Note 1)

Hydrogen (Note 2)

350 gal/
1,325 I

350 gal/

-1 ,325 c
L_ 60 cu ft/

3 cu m

8,345/
19,397

16,800/
39,051

50,080/
116,411

891 ft/
271.6 m

462 ft/
140.8 m

745 ft./
271.6 m

114ft/
34.7 m

85 ft/

F-- 25.9 m

Im141U-- 1.~l35mý

Acetone (Note 1)

Acetylene (Note 2)

Oxygen (Note 2)

5 gall
191

;@ r~u ft/
470-cu m

74,472 cuft/

E:1 127 cu m

12,250/
28,494

20,747/
48,258

N/A (Note 6)

On-Site
(CCNPP Unit 3)

Argon-Methane (considered
as methane (Note 2)

Hydrogen (Note 2)

Oxygen (Note 2)

Non-Oxidizing Biocide
(ethanol) (Note 7)

Non-Oxidizing Biocide
(ethanol) (Note 8)

282 scf/
7.99 Nm3

278 scf/
7.87 Nm3

282 scf/
7.99 Nm3

1,000 gal/
3,8001

350 gall
1,3001

21,517/
50,029

50,080/
120,000

N/A (Note 6)

11,570/
26,880 kJ/kg

11,570/
26,880 Id/kg

1,052 ft/ 20 ft/
321 m 6__ m

1,052 ft/ 446ft
321 m -3o m0Nete-46

1,052 103Wft
321 81 32m

(Notet :1--...- 119ft/
36.2 m

(Note 9) 133 ft/
40.5 m

(Note 9) 41 ft/
13 m

(Note 9) 58 ft /
17.7 m

(Note 9) 41 ft/
12.5 m

I
I
I
I

Nearby
Facilities

DCPLNG (associated hazards) (Note 3)

CCNPP Unit 3 2.2-49
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Table 2.2-8 - (Explosion Event Analysis}
(Page 2 of 2)

scf: Standard cubic feet

Nm 3 : Normal cubic meter

Note 1: For atmospheric liquids, the storage vessel was assumed to contain the quantity of fuel vapors in air at the
upper explosive limit.

Note 2: For compressed or liquefied gases, the entire content of the storage vessel was conservatively assumed as the
flammable mass.

Note 3: The DCPLNG pipeline explosion and all explosive hazards from the DCPLNG facility are bounded by the
DCPLNG pipeline vapor cloud explosion.

Note 4: The maximum quantity shipped per shipment for gasoline, benzene, and toluene was not available. Therefore,
it was assumed that the maximum quantity was 5.2 million lbs. (2.4 million kg) (CRS)

Note 5: The 4,000 gallon gasoline tank is an underground storage tank. The toxicity event is bounded by the
3,500 gallon gasoline delivery tank truck.

Note 6: Oxygen is not explosive by ignition and has no reported heat of combustion; therefore it was analyzed for
explosion by overpressure (USCG, 2007).

Note 7: The actual quantity of ethanol analyzed (10 percent by weight of non-oxidizing biocide) was 122 gal/ 462 I.

Note 8: The actual quantity of ethanol analyzed (10 percent by weight of non-oxidizing biocide) was 42.66 gal/ 161.3 I.

Note 9: The evaluated pollutant is stored at a distance greater than the reported safe distance (the minimum distance
required for an explosion to have less than I psi peak incident pressure).

I Plete!G!The eeWlene explosion eyent was determined motto be a epedWe event beged an eaq eii'meler eate9tiephie-I .... III
I n
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Table 2.2-9 - (Flammable Vapor Cloud Events (Delayed Ignition)
and Vapor Cloud Explosion Analysis)

(Page 1 of 3)

Source Pollutant Evaluated & Distance to Distance to Distanceto Safe Distancefor Peak Over
Quantity Nearest UFL LFL Vapor Cloud pressure at

Safety Explosions Nearest Safety
Related Related CCNPP

CCNPP Unit 3 Unit 3 Structure
Structure

Maryland Gasoline (8,500 gal)/
Route 2/4 32,1761 (Note 7)

Gasoline (aviation)
(8, 500 gal)/
32,1761 (Note 7)

Propane (50,000 lbs)/
22,680 kg (Note 8)

6,119 ft/
1,865 m to
Ultimate
Heat Sink

(UHS)

11,678 ft/
3,560 m to

UHS
makeup

intake water
structure

234 ft/
71.3 m

237 ft/
72.2 m

393 ft/
119.8 m

414 ft/
126.2 m

999 ft/
304.5 m

1,002 ft/
305.4 m

1,167 ft/ 2,361 ft/
356 m 720 m

Waterway
(Chesapeake

Bay)

Gasoline (5,200,000 lbs)/
2,360,000 kg (Note 6)

Benzene (5,200,000 Ibs)/
2,360,000 kg (Note 6)

Toluene (5,200,000 lbs)/
2,360,000 kg (Note 6)

Ammonia (1,200,000 lbs)/
544,311 kg (Note 3)

Gasoline (3,500 gal)/
13,2491 (Note 4)

Hydrazine
(35% solution)
(350 gal)/1,325 1

783 ft/
239 m

951 ft/
290 m

696 ft/
212 m

1,464 ft/
446 m

2,172 ft/
662 m

1,302 ft/
397 m

4,185 ft/
1,276 m

3,312 ft/
1,009 m

4,095 ft (1,284 m)

2,604 ft (794 m)

Not Significant
(Note 5)

Not Significant
(Note 5)

0.526 psi/ 3.63 kPa

0.159 psi/1.10 kPa

0.209 psi (1.44 kPa)

0.115 psi
(0.793 kPa)

0.684 psi/
4.72 kPa

5.62 psi/
38.7 kPa (Note 1)

4,746 ft/ 6,864 ft/ 10,032 ft/
1,447 m 2,092 m 3,058 m

On-site
(CCNPP

Units 1 & 2)

310 ft/
94.5 m

891 ft/
272 m

144 ft/ 234 ft/
44m 71 m

<33 ft/ <33 ft/
<10.1 m <10.1 m

648 ft/
198 m

No explosion No explosion

Dimethylamine (Note 9)
(2% solution)
(350 gal)/1,325 I

462 ft/ <33 ft/
141 m <10.1 m

45ft(14m) 180 ft/55 m 0.282 psi/1.94 kPa

Hydrogen (Note 11) (Note 15) < 33Wft 75 ft/23 m 138 ft/42 m (Note 15)
(278 scf)/ <10.1 m

7.87 Nm
3

Non-Oxidizing Biocide
(ethanol) 1,000 gal/ 3,800 I
(Note 12)

Non-Oxidizing Biocide
(ethanol) / 350 gal/1,300 I
(Note 14)

(Note 15) (Note 13) < 33 ft/
<10m

(Note 15) (Note 13) < 33 ft/
<10m

36ft/
11 m

< 33 ft/
<lOm

(Note 15)

(Note 15)

CCNPP Unit 3 2.2-51
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Table 2.2-9 - (Flammable Vapor Cloud Events (Delayed Ignition)
and Vapor Cloud Explosion Analysis)

(Page 2 of 3)

Scenario Frequency
per year
(Existing)

Frequency
per year

(Expansion)

Distance to
Nearest
Safety
Related

Structure

Maximum Consequence Range

DCPLNG Nearby Facility and Pipeline Scenario for Flammable Vapor Clouds (Note 2)
Total loss of ship's tank en route (off 2.18 x 10-7 2.84 x 10-7 3.4 mi/ 1,558 ft- Pool Fire / 13,943 ft- Flash Fire
CCNPP) 17,925 ft 475 mr-Pool Fire/ 4,250 rn-Flash Fire
DCPLNG Gas Pipelines 3.60 x 10-' 7.48 x 10-3 1.54 mi 5,808 ft-overpressure/2,362 ft-Jet Fire /

8,131 ft 722 ft-Flash Fire
1,770 rn-overpressure/720 rn-Pool
Fire/220 rn-Flash Fire

Escalation Event-Total loss of all storage 4.00 x 10-6 4.00 x 10-6 3.2 rni/ 1,188 ft-Pool Fire / 5,413 ft- Flash Fire
tanks 16,896 ft 362 rn-Pool Fire/i,295 rn-Flash Fire

CCNPP Unit 3 2.2-52
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FSAR: Section 2.2 Page 24 of 27 Nearby Industrial, Transportation and Military Facilities

Table 2.2-9 - (Flammable Vapor Cloud Events (Delayed Ignition)
and Vapor Cloud Explosion Analysis)

(Page 3 of 3)

scf: Standard cubic feet

Nm 3: Normal cubic meter

Note 1: This event was determined not to be a credible event based on an event probability of less than 1 E-7. Refer
to Section 2.2.3.2.4 for the analysis of this event.

Note 2: Overall risk of fatality from DCPLNG facility and associated pipeline to CCNPP Site was evaluated to be
2.3E-9 per year (present operations) and 6.6E-9 per year (planned expansion). (The risk of physical damage to
CCNPP Unit 3 is lower) The impact from blast overpressures was taken into account in developing this risk.

Note 3: The annual quantity of ammonia transported in proximity to the CCNPP Unit 3 site is 2.0 million pounds
(0.9 million kg). The frequency of transport was not available; consequently, it was conservatively assumed that the
entire 2.0 million pounds (0.9 million kg) was transported in one shipment and released. A 0.6 reduction factor was
applied to the 2.0 million pounds (0.9 million kg) in the analysis to account for the high rate at which ammonia
dissolves in water as ALOHA does not account for this phenomena.

Note 4: The 4,000 gallon gasoline tank is an underground storage tank. Therefore, the toxicity event is bounded by
the 3,500 gallon gasoline delivery tank truck.

Note 5: ALOHA output results indicate "not significant" when the peak overpressure is <0.1 psi.

Note 6: The maximum quantity shipped for gasoline, benzene, and toluene was not available. Therefore, it was
assumed that the maximum quantity was 5,200,000 lbs. (CRS, 2005)

Note 7: Gasoline and aviation gasoline were modeled in ALOHA as n-heptane. N-heptane is used as a substitute for
gasoline because the molecular weight and physical properties are similar.

Note 8: The worst case combination of stability class and wind speed is F stability and a wind speed of 3 m/sec for
propane.

Note 9: The worst case combination of stability class and wind speed is E stability and a wind speed of 1 m/sec for
dimethylamine.

Note 10: The worst case combination of stability class and wind speed is E stability and a wind speed of 1 m/sec for
argon-methane.

Note 11: The worst case combination of stability class and wind speed is E stability and a wind speed of 1 m/sec for
the CCNPP Unit 3 hydrogen.

Note 12: The actual quantity of ethanol analyzed (10 percent by weight of non-oxidizing biocide) was 122 gal/ 4621.

Note 13: The concentration is never reached in the vapor cloud.

Note 14: The actual quantity of ethanol analyzed (10 percent by weight of non-oxidizing biocide) was 42.66 gal/
161.31.

Note 15: The evaluated pollutant is stored at a distance greater than the reported safe distance for either the
flammable vapor cloud accident category (the distance to the outer edge of the LFL section of the vapor cloud) or
the reported safe distance for the vapor cloud explosion accident category (the minimum distance required for an
explosion to have less than 1 psi peak incident pressure should a vapor cloud detonate).
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Table 2.2-10- (Toxic Vapor Cloud Analysis}
(Page 1 of 3)

Distance to Maximum Control
CCNPP Unit 3 Distance to Room
Control Room IDLH Concentration

Source Chemical Quantity IDLH Intake (Note 1) (Note 2)

Maryland 2/4 Gasoline 8,500 gal/ 300 ppm TWA / 6,531 ft/ 1,752 ft/ 9.44 ppm

Gasoline (aviation)

Propane

Ammonium
Hydroxide
(19% solution)

Gasoline

Benzene (Note 6)

Toluene (Note 6)

32,200 1 500 ppm STEL
(Note 3)

8,500 gal/ 300 ppm TWA /
32,2001 500 ppm STEL

(Note 3)

1,991 m

50,000 lbs/
22,700 kg

2,100 ppm

50,000 Ibs/ 300 ppm for
22,700 kg ammonia

Waterway
(Chesapeake

Bay)

5,200,000 Ibs/
24,000,000 kg

560,000 Ibs/
254,000 kg

560,000 1bs/
254,000 kg

16,000 lbs/
7,257 kg
(Note 7)

300 ppm TWA /
500 ppm STEL

(Note 7)

500 ppm

500 ppm

11,701 ft/
3,566 m

534 m

1,752 ft/
534 m

5,022 ft/
1,531 m

8,448 ft/
2,575 m

6,336 ft/
1,931 m

5,808 ft/
1,770 m

4,551 ft/
1,387 m

18,480 ft/
5,633 m

6,864 ft/
2,092 m

1,230 ft/
375 m

174 ft/
53 m

1,197ft/
365 m

135 ft/
41 m

288 ft/
88 m

Ammonia

(Note 4)

9.45 ppm
(Note 4)

300 ppm

114 ppm

70.9 ppm
(Note 5)

18.5 ppm
(Note 4)

33.0 ppm
(Note 4)

19.7 ppm
(Note 4)

83.5 ppm
(Notes 5 and 8)

194 ppm
(Note 15)

343 ppm
(Note 9)

0.049 ppm
(Note 4)

10.1 ppm
(Note 5)

0.0784 ppm
(Note 5)

0.743 ppm

On-site
(CCNPP Units 1

& 2)

Ammonium
Hydroxide
(28% solution)

Gasoline
(Note 10)

Sodium
Hypochlorite

Hydrazine
(35% solution)

Monoethanolamine

Dimethylamine
(2% solution)

8,500 gal/ 300 ppm as 2,994 ft/
32,1761 ammonia 913 m

3,500 gal/ 300 ppm TWA /
13,2501 500 ppm STEL

8,500 gal/ 10 ppm as
32,1761 chlorine

350 gall
1,3251

350 gall
1,3251

350 gal/
1,3251

50 ppm

30 ppm

500 ppm

617 ft/
188 m

2,472 ft/
753 m

1,489 ft/
454 m

2,889 ft/
881 m

2,889 ft/
881 m

Hydrochloric Acid 3,000 gal/ 50 ppm 2,994 ft/ 3,102 ft/ 14.1 ppm
(30% Solution) 11,3601 913 m 945 m (Note 5)
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Table 2.2-10- (Toxic Vapor Cloud Analysis}
(Page 2 of 3)

Distance to Maximum Control
CCNPP Unit 3 Distance to Room
Control Room IDLH Concentration

Source Chemical Quantity IDLH Intake (Note 1) (Note 2)
On-site Argon 270 scf/ Asphyxiant (Note 14) Asphyxiant (Note 11)

(CCNPP Unit 3)

This page
provided for
reference
purposes only.

7.64 Nm3 42 ft/13 m
Argon-Methane
(considered as
Methane)

Hydrogen

Nitrogen

Sodium
Hypochlorite

Sodium
Hypochlorite

Non-Oxidizing
Biocide (ethanol)

Non-Oxidizing
Biocide (ethanol)

282 scf/ Asphyxiant (Note 14) Asphyxiant

7.99 Nm 3 42 ft/13 m

278 scf/

7.87 Nm
3

Asphyxiant (Note 14) Asphyxiant
39 ft/12 m

235 scf/ Asphyxiant (Note 14) Asphyxiant

6.65 Nm 3 36 ft/11 m

40,000 gal/
150,0001

2,000 gal/
7,6001

1,000 gal/
3,800 I

(Note 12)

350 gal/
1,300 I

(Note 13)

10 ppm as Cl2

10 ppm as Cl2

3,300 ppm as
ethanol

3,300 ppm as
ethanol

(Note 14)

(Note 14)

(Note 14)

(Note 14)

396 ft/
121 m

93 ft/
28 m

75 ft/
23 m

45 ft/
14m

(Note 11)

(Note 11)

(Note 11)

(Note 14)

(Note 14)

(Note 14)

(Note 14)
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Table 2.2-10 - (Toxic Vapor Cloud Analysis)
(Page 3 of 3)

Distance to Maximum Control
CCNPP Unit 3 Distance to Room
Control Room IDLH Concentration

Source Chemical Quantity IDLH Intake (Note 1) (Note 2)

TLV-TWA: Threshold Limit Value-Time-Weighted Average

STEL: Short term exposure limit

IDLH: Immediately Dangerous to Life and Health threshold value

scf: Standard cubic feet

Nm3: Normal cubic meter

Note 1: The reported value for the distance to the IDLH (or other determined toxicity limit) is the resultant distance to the IDLH for
the determined worst case meteorological conditions for each postulated event. The worst case meteorological conditions were
based upon those meteorological conditions yielding the highest concentration in the control room during a postulated event.
Note 2: The concentrations reported represent indoor concentrations. The air exchange rate of 0.45 air exchanges per hour that
was used in the ALOHA model was calculated from the control room volume and the rate of fresh air intake. Unless noted, the
worst case combination of stability class and wind speed is F stability and a wind speed of 1 m/sec.
Note 3: For gasoline and gasoline (aviation) the time weighted average (TWA) and short term exposure limit (STEL) were
conservatively used as no IDLH is available for either of these hazardous materials.

Note 4: The worst case combination of stability class and wind speed is F stability and a wind speed of 3 m/sec.

Note 5: The worst case combination of stability class and wind speed is F stability and a wind speed of 2 m/sec.
Note 6: For benzene, and toluene a combined total of 28,000 short tons/year are shipped by barge. It is conservatively assumed
that they are shipped in equal quantities (14,000 short tons per year each) and that they each have the minimum 50 shipments
(Regulatory Guide 1.78) and each shipment contains the same quantity, 560,000 lbs each.

Note 7: The amount of ammonia transported by barge near the plant is 1,000 short tons. It is conservatively assumed that there
are 50 shipments per year (Regulatory Guide 1.78), with each shipment, therefore, containing 40,000 lbs. This quantity was
reduced further because of the high rate at which ammonia dissolves in water. A 0.60 partition coefficient was assigned, reducing
the volume tol6,000 lbs.

Note 8: This event was evaluated to not be a credible event based on screening criteria for event frequency in accordance with
Regulatory Guide 1.78. Refer to Section 2.2.3.1.3 for the analysis of this event.

Note 9: An additional probabilistic evaluation was conducted for this postulated event and this spill event was determined not to
be a credible event, in accordance with Regulatory Guide 1.78 risk frequency evaluation requirements. Refer to Section 2.2.3.1.3
for the analysis of this event.

Note 10: The 4,000 gallon gasoline tank reported in Table 2.2-2 is an underground storage tank. Therefore, the toxicity event is
bounded by the 3,500 gallon gasoline delivery tank truck.

Note 11: The reported distance to the IDLH for this asphyxiant is the distance at which the concentration outside the control room
is such that enough oxygen may become displaced to create an oxygen deficient atmosphere.
Note 12: The actual quantity of ethanol analyzed (10 percent by weight of non-oxidizing biocide) was 122 gal/ 462 I.
Note 13: The actual quantity of ethanol analyzed (10 percent by weight of non-oxidizing biocide) was 42.66 gal/ 161.3 I.
Note 14: The evaluated chemical is stored at a distance greater than the reported safe distance (the distance the chemical cloud
could travel before it disperses enough such that the concentration in the vapor cloud falls below the IDLH limit, other determined
toxicity limit concentration, or at a level where an oxygen deficient atmosphere is plausible). For these evaluated chemicals the
control room air exchange rate was not accounted for in the analyses.

Note 15: Because the ammonium hydroxide (28%) is stored at the tank farm and must travel directly over/around structures to
reach the control room air intake, a ground roughness value of 50 cm was entered.

Note 16: The toxicity event for the 8,000 lb storage tank Bldg. is bounded by the 50,000 lb delivery truck.

Note 17: The reported distance to the IDLH for oxygen is the distance at which the concentration outside the control room is
enough that the atmosphere will become oxygen-enriched.
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Table of Changes to CCNPP Unit 3 COLA

Associated with the Response to RAI No. 413

Change Subsection Type of Change Description of Change
ID# I#

Part 2 - FSAR
CC3-10- 2.2.3 Incorporate COLA The response to RAI 146,
0256 markups associated with Question 02.02.03-8
(original the response to RAI 146, involves additional
CC3 - Question 02.02.03-8, information on toxic or
10-0054) Evaluation of Potential asphyxiating chemicals.

Accidents 2.
CC3-1 0- 2.2.3 Incorporate COLA The response to RAI 171,
0256 markups associated with Question 09.05.05-2, Raw
(original the response to RAI 171, Water Supply System,
CC3 - Question 09.02.05-23. involves deletion of
10-0011) reference to CCNPP 1 &2

chemical storage locations
and additional information
on chemicals.

CC3-10- 2.2.3 Incorporate COLA The response to RAI 198,
0256 markups associated with Question 19-22,
(original the response to RAI 198, Probabilistic Risk
CC3 - Question 19-224. Assessment, involves
09-0338) deletion of references to

Ammonia Hydroxide.
CC3-13- 2.2.3, 2.2.4, Tables Incorporate COLA Markups associated with
0099 2.2-2, 2.2-5, 2.2-8, markups associated with Toxic-Flammable

2.2-9, and 2.2-10 Toxic-Flammable Explosive Transport
Explosive Transport Hazards in Calvert Cliffs
Hazards in Calvert Cliffs Units 1 & 2 on Calvert
Units 1 & 2 on Calvert Cliffs Nuclear Power Plant,
Cliffs Nuclear Power Unit 3 Part 2, FSAR
Plant, Unit 35. sections.

2UniStar Nuclear Energy Letter UN#09-421, from Greg Gibson to Document Control Desk, U.S. NRC, Response to
Request for Additional Information for the Calvert Cliffs Nuclear Power Plant, Unit 3, RAI 146, Evaluation of Potential
Accidents, dated October 15, 2009.

3UniStar Nuclear Energy Letter UN#10-022, from Greg Gibson to Document Control Desk, U.S. NRC, Response to
Request for Additional Information for the Calvert Cliffs Nuclear Power Plant, Unit 3, RAI 171, Raw Water Supply
System, dated February 5, 2010.

4UniStar Nuclear Energy Letter UN#10-230, from Greg Gibson to Document Control Desk, U.S. NRC, Response to
Request for Additional Information for the Calvert Cliffs Nuclear Power Plant, Unit 3, RAI 198, Probabilistic Risk
Assessment, dated August 24, 2010.

5UniStar Nuclear Energy Letter UN#13-096, from Mark T. Finley to Document Control Desk, U.S. NRC, Toxic-
Flammable Explosive Transport Hazards in Calvert Cliffs Units 1 & 2 on Calvert Cliffs Nuclear Power Plant, Unit 3,
dated July 19, 2013.
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Change Subsection Type of Change Description of Change
ID #
CC3-13- 2.2.3.1.1 Incorporate COLA The response to RAI 397,
0132 markups associated with Question 02.02.03-91

the response to RAI 397, included a change to
Question 02.02.03-91. FSAR Section 2.2.3.1.1,

"Explosions" under the
Onsite Chemicals header
to address acetone and
acetylene.

CC3-14-
0052

2.2.3.1.1, 2.2.3.1.2,
2.2.3.1.3, 2.2.4,
Tables 2.2-2, 2.2-8,
2.2-9, and 2.2-10

Incorporate COLA
markups associated with
the response to RAI 413,
Questions 02.02.03-10
and 02.02.03-11 (this
response).

The response to RAI 413,
Questions 02.02.03-10 and
02.02.03-11 (this
response) includes
changes to reflect that for
Calvert Cliffs Units 1 and 2
the largest sized gas
cylinder for acetylene is
300 scf.


