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CITY OF BOSTON,
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DECLARATION OF PAUL M. BLANCH

Pursuant to 28 U.S.C. § 1746, Paul M. Blanch hereby declares as follows:

1.

My name is Paul M. Blanch and I reside at 135 Hyde Road, West Hartford CT
06117.

I am a registered Professional Engineer (inactive status) with more than 50 years
of experience with nuclear safety and the construction and operation of nuclear
power plants.' As such, I am intimately familiar with all federal regulations
governing the design and operation of nuclear power plants.

I was a consultant to the Chief Nuclear Officers at Indian Point while its present
owner, Entergy, operated it as well as its previous owners, Consolidated Edison
and the New York Power Authority.

I served as an expert witness for the Attorney General of the State of New York
for the Nuclear Regulatory Commission proceedings on the license renewal
applications for Indian Point Units 2 and 3.

I also have extensive experience as a professional consultant on nuclear issues to
the top management of Northeast Utilities, Dominion Nuclear, Millstone Nuclear
Power Station, and Maine Yankee.

! See attached CV.
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6.

10.

11.

The expert opinions I express in this declaration are based on my thorough
analysis of Entergy and NRC’s calculations, meetings with the NRC, FOIA
requests, formal petitions, NRC Petition Review Board meetings, conference calls
with the NRC and with PHMSA, and my review of hundreds of documents
related to the AIM project.

On September 27, 2014, I formally submitted my expert opinions to FERC related
to the potential impact of the proposed Algonquin Incremental Market (AIM)
pipeline expansion (FERC Docket No. CP14-96-000) on the safe operation of the
Indian Point Nuclear Plant.

While I agree that Congress has given the NRC exclusive jurisdiction over
nuclear power plant safety, here the NRC is not properly fulfilling its mandate to
protect the public and has never presented any reliable analysis to FERC
supporting their conclusions that the safety risk that placing the AIM pipeline next
to the Indian Point nuclear power plant is acceptable.

The NRC issues Regulatory Guides to provide acceptable means of satisfying the
requirements of its regulations (10 CFR). For the identified external hazard as
applied in this case, the NRC issued Regulatory Guide 1.91 (RG 1.91) entitled
“Evaluations of Explosions Postulated To Occur At Nearby Facilities And On
Transportation Routes Near Nuclear Power Plants”, which was last revised in
2013.” The intent of this guidance document is to ensure that adequate protection
is provided to the public from harm and radiation exposure from external events.
This guide discusses how to calculate a blast radius from a nearby gas pipeline,
the probability of a catastrophic gas pipeline failure, the impact of vapor clouds,
heat generated and jet fires from a gas line failure. References are included in the
RG for more detailed evaluations. There are no other methodologies approved by
the NRC for evaluating the impact of a gas line release other than RG 1.91.

ALOHA is a computer program developed by EPA for use in assessing the impact
of chemical releases including releases from gas lines. However, the EPA
specifically prohibits the use of this program for modeling a “gas release from a
pipe that has broken in the middle and is leaking from both broken ends”, which
is the scenario that the NRC and Entergy analyzed in the ALOHA program.’ The
ALOHA program is not mentioned or referenced in RG 1.91 as an acceptable
method for calculating blast radius and risk, thus unapproved for this postulated
event.

All analyses conducted by the NRC, Entergy, and its consultant, The Risk
Research Group, Inc., of the safety risk of placing the AIM pipeline next to Indian
Point, including the confirmatory and bounding analysis, relied primarily upon the

% The 2013 version of NRC RG 1.91 is available on the NRC website at ADAMS database accession
number: ML12170A980.

3 EPA Aloha User’s Manual (February 2007) at 146, available at https://nepis.epa.gov

2
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use of the ALOHA program. However, they have never provided a basis for
deviating from the methods approved by the NRC in Regulatory Guide 1.91.

12. A summary of the risk analysis was submitted by Entergy to the NRC on August
14, 2014" and includes the following statement:

NL-14-106
Docket Nos. 50-247 and 50-286
Page 3 of 4

SECURITY-RELATED INFORMATION — WITHHOLD UNDER 10 CFR 2.390

Release of Natural Gas from the Proposed New AIM 42 Pipeline Taking a Southern Route
Near IPEC and an Analysis of the Causes of and (2) Determination of Exposure Rates
Associated with a Failure of the Proposed AIM 42" Natural Gas Pipeline Near IPEC (also
enclosed and collectively referred to as the “Hazards Analyses”). Both supporting analyses
were prepared for Entergy by The Risk Research Group, the consultant that prepared the
hazards analysis for the existing pipelines near IPEC.

13. Contrary to the requirements of RG 1.91, the Risk Research study”’ performed for
Entergy projected a maximum impact radius from a jet fire of between 1,155 feet
and 1,266 feet for damaging blast effects based solely on the prohibited ALOHA
program.

14. RG 1.91 provides the following clear and simple equation for determining the
blast radius from a gas line rupture. Again, the NRC has no other acceptable
equation for the calculation of a blast radius

1
Ryin =Z*W3 @)

where
R, = distance from explosion where Py, will equal 1.0 psi (6.9 kPa) (feet or meters)
W = mass of TNT (pounds or kilograms (kg))
Z = scaled distance equal to 45 (ft/Ib"*) when R is in feet and W is in pounds
Z = scaled distance equal to 18 (m/kg"?) when R is in meters and W is in kilograms

A safe distance from a source of potential explosion to critical plant structures would be equal to
or greater than Ry,

15. This NRC equation states that the damaging blast radius is proportional to the
amount of gas or energy released during the event. The amount of gas released
(W in the equation above) is calculated by multiplying the gas release flow rates
by the amount of time the gas continues to flow before the rupture is isolated and
then by the 5% yield number used by NRC and the conversion of kilograms of
methane to TNT. Therefore, if the gas release is terminated immediately, the

4 Letter from Entergy, NL-14-106, dated August 21, 2014.
> “Consequences of a Postulated Fire and Explosion Following the Release of Natural Gas from the
Proposed New AIM 42" Pipeline Taking a Southern Route Near IPEC Prepared for Entergy Nuclear
Operations. Inc. by The Risk Research Group. Inc., 18 Dogwood Road, West Orange. NJ, Dated August
19,2014”.
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blast radius will be small. If the release continues for a prolonged period, the blast
radius will be much greater.

16. I obtained a copy of Entergy’s and the NRC’s calculations under the Freedom of
Information Act. The calculations performed by Entergy and the NRC both
assumed that the gas flow in the AIM pipeline could be isolated and terminated
within 3 minutes. However, as explained in more detail in the Declaration of
pipeline safety expert Richard Kuprewicz, there is no basis for this unrealistic
assumption.

17. The NRC stated in response to a FOIA request® that the flow rates for gas released
from a rupture of the AIM pipeline will be 376,000 kilograms per minute for the
first minute, 200,000 kilograms per minute for the next minute, and 100,000
kilograms per minute until the gas line is isolated. This statement originated’ from
the Risk Research study dated August 19, 2014.

18. However, if one uses the flow rate numbers provided by NRC along with the
NRC’s assumption that the gas flow will terminate within 3 minutes, the
calculation using the RG 1.91 equations results in a blast radius of about 1,905
feet rather than the 1,155-1,266 foot blast radius calculated by Risk Research
Group using the ALOHA program. The NRC relied on this much less
conservative and unreliable blast radius in its safety assessment rather than the
blast radius that would have been calculated using its own regulatory guidance
and stated assumptions.

19. My calculation using the above flow rates provided by the NRC and a realistic gas
flow isolation time of 60 minutes in the equation from RG 1.91 results in a blast
radius of greater than 4,000 feet, which would encompass the entire nuclear plant
site. Even assuming a less realistic isolation time of 30 minutes, the blast radius
would be 3,255 feet, encompassing both reactor units 1 and 3 and most of reactor
unit 2.

NRC internal email dated April 27, 2015:

“Based on an average release rate of 1877 kg/s for a 360-second period. This rate comprises the release of
376,000 kg in the first minute (from ALOHA), a release of 200,000 kg in the next two minutes (accounting for
the pressure drop) and 100,000 kg after valve closure. This last will take an additional 3 minutes after the
valves are closed (from ALOHA)."

7 Risk Research Group, Inc Analysis dated August 19, 2014
* Based on an average release rate off7F)
the first minute {from ALDHA), 2 releasg™ ™ |
pressure drop) after valve closure, This TV WIIT IR
closed (from AL I

This rare comprises the relesse of
in the next (wo minutes (accounting for the
n ndditional 3 minuces after the valves are

The Risk Research Group, Inc. 23 August 19, 2014
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20.

21.

22.

23.

24.

25.

A blast radius in the range of 3,000 to 4,000 feet would likely disable structures,
systems and components (SSCs) that are necessary to prevent core melting and
major radioactive releases to the environment. The impact on the Indian Point site
may disable all safety systems similar to the catastrophic nuclear event at
Fukushima. None of the safety systems at Indian Point have been designed or
analyzed to withstand the projected blast effects.

On March 24, 2015, NRC Chairman Burns testified before Congress and was
questioned by Congresswoman Lowey as to why the EPA’s ALOHA program
was used for this analysis rather than the methodology required by RG 1.91.°
Chairman Burns stated that RG 1.91 could not be used for this analysis because it
did not address “vapor cloud” explosions and heat flux. This is an inaccurate
statement to a member of Congress by the NRC Chairman. RG 1.91 discusses
“vapor clouds” and their impact 10 times in RG 1.91. References provided in the
RG provide other guidance for addressing heat flux. None of the references
suggest the use of ALOHA for evaluating the risk of a gas line release.

As a direct result of inquiries from Congressional Representatives to the NRC
Chairman questioning the NRC’s assumption of a 3-minute valve isolation time,
the NRC conducted a “bounding” analysis assuming a gas release for one hour.
This bounding analysis used an energy release inconsistent with previous values’
provided by the NRC and also used the prohibited ALOHA program. If the NRC
had used its published release rates in the RG 1.91 equation the blast radius after
60 minutes is calculated to be about 4,000 feet.

At the Turkey Point Nuclear facility in Florida, the NRC properly using RG 1.91
analyzed the safety risk of a 22-inch gas line with an operating pressure of 722
PSI.'° This analysis projected a blast radius of 3,097 feet. Comparatively, the
AIM project involves a significantly larger pipeline (42 inches) with a higher
design pressure of 850 psi and yet the NRC projected a blast radius of only about
1,200 feet (less than half of the blast radius they calculated for a smaller diameter
and lower pressure pipeline near Turkey Point).

NRC Regulatory Guide 1.91 specifies the probability of a catastrophic gas
pipeline failure that the NRC finds to be acceptable to meet the NRC regulations.
This regulatory guide clearly states that if the probability of a pipeline event
occurs at a frequency of less than 1 in 10 million per year (1x10 ~ per year) then
this risk is acceptable. I consider this risk to be reasonable if it is reliably
calculated in accordance with accepted engineering principles.

The NRC and Entergy both claim that the probability of a pipeline accident near

See video of testimony, available at https://www.youtube.com/watch?v=umWpVZTqoJE.
Internal NRC email from David Beaulieu dated April 27, 2015.

See attached Turkey Point Units 6 & 7 COL Application Part 2 — FSAR at 2.2-23 — 2.2-25.
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Indian Point is acceptable because they have calculated it to be less than 1 in 10
million per year (or 1 x 107 per year). However, it is my expert opinion that the
actual failure probability of the AIM pipeline is in the range from 1 in 1000 to 1
in 10,000 per year, which is completely unacceptable and inconsistent with the
requirements of 10 CFR Part 100 and RG 1.91. Put in perspective, according to
NTSB statistics, there are approximately 37 million commercial airline flights per
year with about 10 fatal crashes per year, or 1 crash in 3,700,000 commercial
flights per year. The probability of a nuclear event at Indian Point due to a gas
line failure is in the range of 1 in 1000 to 1 in 10,000 events per year, which is
significantly greater than those of the commercial airline industry. This
probability is completely unacceptable for a nuclear plant and ignores the NRC’s
mandate to protect the public.

26. The NRC’s calculation of the probability of a pipeline explosion states:

27.

28.

DETERMINATION OF EXPOSURE RATE FOR FAILURE OF THE AIM PROJECT PIPELINE
NEARIPEC ‘

Based on Pipeline Hazardous Materials Safety Administration (PHMSA) data
(www.phmsa.dot.gov), and also published information from “Handbook of Chemical Hazards
Analysis Procedures” (Reference 5), the accident rate. of pipes greater than 20 inches diameter
is about 5 x 10“/mile-yr.. Assuming 3 miles of AIM Project pipeline near IPEC, the accident rate
is determined to be 1.5 x 10%/yr. Based on the information in these references, estimating 1
percent of accidents. result in a complete pipe break or 100 percent instantaneous release, and
assuming also. only 5 percent of the time that the released gas becomes ignited leading to.
potential explosion, the explosion frequency for the AIM project pipeline near IPEC is calculated
to be about

7.5 x 107/yr. If this release is due to the underground pipe, the frequency. of explosion will be
further reduced by at least an order of magnitude. In addition, the frequency of a large
radioactivity release from the reactor due to the frequency of the above pipe rupture event,
considering operating reactor conditional core damage frequency (CCDF), would be at least a
few orders of magnitude lower, and therefore would not be identified as a design basis event. .
Therefore, it is concluded that the pipe failure resulting in a methane release from the proposed
AlM Project near IPEC, would not reduce any further the existing safety margins, and would not
pose a threat to the safe operation of the plant or safe shutdown.

The above clearly states that the failure rate, according to PHMSA data and the
FEMA, DOT and EPA Handbook of Chemical Hazards Analysis Procedures,
Section 11 (Reference 5) is projected to be 1.5 pipeline failures in 1000 per year
(1.5 x 10 ) within the proximity of Indian Point, a number that exceeds the
NRC'’s acceptable probability rate by a factor of more than 1000 times.

Without any reliable basis, the NRC and Entergy then reduced this unacceptable
probability by citing Reference 5, Section 11 of RG 1.91 as a justification. The
number they used for the failure rate for pipelines greater than 20 inches in
diameter is accurate however the probability reductions citing 1 percent for a
complete break, a 5 percent ignition rate, and a further reduction of at least an
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29.

30.

31.

32.

order of magnitude for an underground pipe are not discussed in Reference 5 and
are otherwise unsupported. Pipeline safety expert, Richard Kuprewicz, explains in
more detail in his Declaration why these assumptions are unrealistic.

A nuclear facility in Eunice, New Mexico was proposed to be located within 1.8
miles of a 16-inch gas line operating at a pressure of less than 50 psi. This
pipeline in New Mexico has less than 5% of the capacity (flow) of the new AIM
pipeline. The AIM pipeline will operate at a pressure 50 times greater than the
pressure of the New Mexico pipeline found to present an unacceptable risk. This
line is located at a significantly greater distance away from the Indian Point
nuclear facility. A study required by the NRC determined that the consequences
of a pipeline explosion near the proposed nuclear facility were unacceptable and
not in compliance with NRC regulations.'' This event was analyzed using the
same RG 1.91 requirements that should have been used for analyzing the AIM
pipeline.

In conclusion, the NRC has underestimated the probability of a gas line accident
impacting the Indian Point nuclear plant by at least a factor of 1000. Moreover,
the NRC and Entergy have failed to provide any supportable documentation that
Indian Point can safely shut down the plants in the event of a gas line rupture, and
Entergy has no emergency procedures in place at Indian Point to respond to a gas
line rupture. The blast radius from a gas line rupture would likely encompass the
entire Indian point site, disabling all vital equipment required to prevent core
damage and major radioactive releases to the environment.

It is my expert opinion that once gas is introduced into the AIM pipeline there
will be a grave and imminent danger to the surrounding area and residents. The
consequences of a nuclear event at Indian Point may impact millions of lives in
the Hudson Valley and New York City and cause social and economic impacts in
the trillions of dollars range."

It is my professional expert opinion that a transparent and independent risk
analysis must be conducted consistent with NRC regulations 10 CFR Part 50,
Regulatory Guide 1.91, and the requirements of DOT/PHMSA 49 CFR §192.935
and ASME B31.8(S) prior to pressurized gas being introduced into the AIM
pipeline.

' See attached Framatome ANP Calculation 32-2400572-02, "Natural Gas Pipeline Hazard Risk
Determination” dated January 19, 2004.

'2 This estimate is based on the contamination and land condemnation resulting from the Fukushima
accident, recovery and disposal costs, and the estimated property values in the areas surrounding Indian

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

Executed on September 16, 2016.

Dot 2ty Bt

Paul M. Blanch
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1. P. Blanch CV

2. Entergy to NRC re: Safety Evaluation Prepared in
Response to AIM Project (August 21, 2014) Indian Point
Safety Evaluation prepared by Energy (August 21, 2014).

3. Hazards Analysis: Consequences of Postulated Fire and
Explosion Following Release of Natural Gas From
Proposed AIM Pipeline, prepared for Entergy by Risk
Research Group (August 19, 2014).

4. NRC Internal Email from D. Beaulieu to D. Pickett (April
27, 2015).

5. Turkey Point Units 6 and 7 COL Application, Part 2 -FSAR
at 2.2.2-2.2.-25

6. Attachment 2: Calculation 32-2400572-02, “Natural Gas
Pipeline Hazard Risk Determination” by Framatome ANP
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P. Blanch CV
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Resume

Paul M. Blanch
135 Hyde Road,
West Hartford, CT 06117
860-236-0326

OVERVIEW

A 50+ year professional consulting to the top management of Northeast Utilities,
Dominion Nuclear, Millstone Nuclear Power Station, Indian Point and Maine Yankee
and with a distinguished career as an engineer, engineering manager and project
coordinator for the construction and operation of nuclear power plants. Intimately
familiar with all regulations governing the design and operation of commercial Nuclear
Power Plants

An expert witness having provided research and testimony for numerous plaintiffs
including the State of New York Attorney General, Three Mile Island, Vermont Yankee,
Saint Lucie, Millstone, Seabrook, Indian Point and Davis Besse.

Provided testimony on behalf of federal and private nuclear workers before State and
Federal Courts and the Merit Systems Protection Board (MSPB).

Developed computer research tools and programs to access, search and analyze publically
available documents from the Nuclear Regulatory Commission (NRC).

EXPERIENCE

EXPERT WITNESS FOR RIVERKEEPER RELATED TO THE SAFETY AND
FEASIBILITY OF COOLING TOWERS FOR INDIAN POINT UNITS 2 AND 3. --2015 T0
PRESENT

Provided expert testimony before the New York State court about the
safety of Indian Point be required to install cooling towers in lieu of
present once through cooling.

CONSULTANT TO NUMEROUS PUBLIC INTEREST GROUPS RELATED TO THE
PROPOSED INSTALLATION OF A NEW NATURAL GAS LINE IN THE CLOSE
PROXIMITY TO THE INDIAN POINT POWER PLANTS--2013 TO PRESENT

I continue to work with public interest groups, US Senators,
Congresspersons, and other elected officials about the potential impact of
a new 42-inch natural gas line crossing the Indian Point property. [ am
working with the NRC and have met with the NRC Chairman and other
Commissioners for the purpose of conducting a risk assessment should a
malfunction of the new gas line occur. Also working with the Department
of Transportation (PHMSA), and the Federal Energy Regulatory
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Commission (FERC) and the NY Governor’s office.

EXPERT WITNESS FOR NEW STATE ATTORNEY GENERAL SUPPORTING NEW
YORK’S POSITION RELATED TO THE RELICENSING OF INDIAN POINT UNITS 2
AND 3 (IP 2&3) —April 2007 to 2012

Provided expert witness research and testimony on behalf of the State of
New York on the relicensing of the Indian Point units. Researched the
design basis for IP 2&3 and provided the basis for age related contentions
submitted on behalf of the State of New York to the NRC within the scope
of the relicensing requirements of 10 CFR 54. The Atomic Safety
Licensing Board accepted four out of five contentions related to buried
piping systems, inaccessible cable qualification and the life management
of vital transformers.

EXPERT WITNESS FOR VARIOUS PUBLIC INTEREST GROUPS SUPPORTING
THEIR POSITION RELATED TO THE RELICENSING OF THE SEABROOK
NUCLEAR PLANT -2010 to present

Provided expert witness research and testimony on behalf of various
public interest groups opposing the relicensing of Seabrook.

EXPERT WITNESS FOR NEW ENGLAND COALITION (NEC) vs. ENTERGY
NUCLEAR REVIEWING THE EXTENDED POWER UPRATE AND RELICENSING OF
VERMONT YANKEE—2004 to present

Provided pro bono expert witness research and testimony on behalf of
NEC opposing the 20% Extended Power Uprate (EPU) for Vermont
Yankee (VY). Researched the design basis for VY and provided testimony
before the Vermont Public Service Board, Public Service Commission,
Atomic Safety and Licensing Board (ASLB) and the Advisory Committee
for Reactor Safety (ACRS). Participated in meetings with Vermont
Governor Douglas, Senators Leahy and Jeffords. Petitioned the NRC
under 10 CFR 2.206 to request VY and the NRC identify any and all non-
compliances with present NRC regulations and evaluate risks associated
with identified non-compliances to the General Design Criteria of 10 CFR
50 Appendix A and other applicable NRC regulations.

EXPERT WITNESS FOR PLAINTIFFS IN FINESTONE vs. FLORIDA POWER AND
LIGHT -AUGUST 2003 to JANUARY 2006

Provided expert witness and conducted extensive historical research to
determine the quality and quantity of unmonitored releases from the St.
Lucie nuclear plant. Discovered that the plant had significant unmonitored
discharges to the environment in excess of those allowed by 10 CFR 20.
Case dismissed via summary judgment in 2006.
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EMPLOYEE CONCERNS AND SAFETY CONCIOUS WORK
ENVIRONMENT CONSULTANT -- February 2001 to February 2002

Consultant reporting to the Chief Nuclear Officer at Indian Point Unit 2
assisting in the evaluation of the plant’s Employee Concerns Program and
an assessment of the Safety Conscious Work Environment. (SCWE) Work
also includes assisting investigations of allegations related to employee
discrimination and other technical and safety issues. Developed and
implemented training programs for ECP and other site personnel.

EMPLOYEE CONCERNS AND SAFETY CONCIOUS WORK
ENVIRONMENT CONSULTANT -- September 2000 to 2001

Consultant, reporting to the President of Maine Yankee Atomic Power
Company. Primary responsibilities include the re-establishment of a
Safety Conscious Work Environment (SCWE) and to act as an
independent facilitator to resolve differences between employees and
management. Evaluated the Employee Concerns Program making
recommendations for improvement to the President. Conducted
independent investigations of allegations received internally and referral
allegations from the NRC.

EMPLOYEE CONCERNS AND SAFETY CONCIOUS WORK
ENVIRONMENT CONSULTANT -- February 1997 to 2001

Consultant reporting to the President of Northeast Nuclear Energy
Company assisting in the recovery of the three Millstone Units shut down
due to safety problems. Primary responsibilities include the establishment
of a Safety Conscious Work Environment (SCWE) and to act as an
independent facilitator to resolve differences between employees and
management. Coordinate many different groups at Millstone including
executive management, legal, human resources and the Employee
Concerns organization.

Resolve differences at the lowest possible management level. Coordinate
with ECP to investigate safety, technical and alleged harassment issues
and review outcomes, to assure the investigation was conducted in an
unbiased, fair and equitable manner. Coordinate corrective action with the
appropriate management, legal and technical organizations.

Worked closely with top management and corporate communications to
coordinate efforts to regain public confidence with the operation and
management of the Millstone site. Provide assistance with regulatory
compliance issues and interface with various public interest groups in the
Millstone area including State oversight and groups critical of the
Millstone operations. Provide both formal and informal feedback to the
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NRC about the recovery of Millstone and the establishment of a Safety
Conscious Work Environment.

Conducted training and made presentations to top nuclear executives
about the need to maintain a Safety Conscious Work Environment when
requested by the Nuclear Energy Institute and the Nuclear Regulatory
Commission.

Made regular presentations to public interest groups, State of Connecticut
oversight organizations and the Nuclear Regulatory Commission as to my
personal assessment of the work environment at Millstone and the status
of corrective actions.

Worked as a team member with other Millstone management providing
overall strategic direction to the President to assist in the recovery of
Millstone with specific emphasis on public confidence and the
establishment of a SCWE.

Provide routine advice to outside legal organizations and other nuclear
utility management with respect to dealing with employees raising safety
concerns.

Conducted presentations (September 1999 and September 2000) to the
Employee Concerns Program Forum providing a perspective on
“whistleblower” issues and what management needs to do to properly
address these issues.

Conducted presentation in September 2000, along with NRC Chairman
Meserve, to the NRC and the NRC’s Inspector General’s staff on a
proposal to resolve “High profile whistleblower” situations.

EXPERT WITNESS FOR PLAINTIFFS RELATED TO THE THREE MILE ISLAND 1979
ACCIDENT-1995 to 1998

Provided expert witness and conducted extensive historical research to
determine the quality and quantity of unmonitored releases from the Three
Mile Island plant. Discovered that the actual releases were more than 5
times the amount published by the NRC and the operator of TMI.

ENERGY CONSULTANT -- 1993 to 1997

Provided expert witness testimony and worked with the NRC to change
Federal Regulations for the protection of individuals identifying safety
issues at nuclear licensed facilities.
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Worked with the Office of the Inspector General of the NRC to provide
major input to a revision of the recently passed federal "Energy Bill"
providing additional protection to Nuclear Whistleblowers. Some
personnel within the NRC have referred this to as “the Blanch
Amendment”.

Provided advice to both attorneys and their clients to gain an
understanding of the NRC and Department of Labor regulations governing
the protection of whistleblowers under the Energy Reorganization Act

NORTHEAST UTILITIES -- 1972 to 1993

Supervisor of Electrical Engineering (Instrument and Control Engineering
Branch)

Responsible for programs to assure plant reliability and compliance with
NRC regulations. Conducted periodic training of employees and
contractors to maintain continued cognizance of all corporate and station
procedures and regulations. Worked as both a supervisor of an engineering
organization and directed the efforts of Stone and Webster and Bechtel to
assure safety and compliance during the design and construction of
Millstone Units 2 & 3. Primary interface between NU, Westinghouse and
Stone and Webster for the conceptual design of electrical and process
instrumentation systems during construction of Millstone Unit 3. Assured
compliance with all NRC electrical standards and design criteria. Member
of the Millstone Nuclear Review Board responsible to the president to
assure compliance with all applicable regulations.

ACCOMPLISHMENTS

Directed the development of the first real time instrumentation monitoring system
for practical use in commercial nuclear plants to assess the overall safety status of
the plant and to provide information to remote facilities during emergency events.
This effort resulted in the identification of many instrumentation problems not
previously recognized or considered “undetectable failures." As a result of these
efforts, and in face of strong opposition Rosemont and the nuclear industry, the
NRC issued a Bulletin (90-01) requiring all utilities to monitor Rosemount
transmitters used in safety applications. A supplement to the Bulletin was issued
at the end of 1992.

Recognized the inability of condensate pots to function under de-pressurization
events as a direct result of NU's computerized instrument monitoring system. This
is one of the most significant safety issues identified in the nuclear industry.
Developed a water injection system into the reference legs that precluded the
absorption of these gases. This solution was adopted by the entire nuclear
industry.
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Developed a program to reduce or eliminate the need for periodic calibration of
analog instrumentation and the elimination of the need for pressure transmitter
response time testing. The formation of an ISA Standard activity (ISA 67.06) for
the development of a standard for Performance Monitoring of Safety Related
Instruments in Nuclear Power Plants was a direct result of these efforts.

Received a "First Use" award from Electric Power Research Institute (EPRI) for
the application of Signal Validation for the identification of failed sensors during
accident, as a direct result of developing and implementing signal validation for
emergency computer systems.

Worked closely with the US General Accounting Office conducting its study
related to the NRC’s handling of whistleblower issues in the nuclear industry and
buried piping degradation.

Electrical plant and Reactor operator and Leading Petty Officer aboard the
Nuclear Powered Submarine USS Patrick Henry (SSBN-599). Qualified electrical
plant and reactor operator and instructor at Navy prototype reactor (S1C).

SPECIAL QUALIFICATIONS

Actively participated and contributed to studies conducted by the NRC and NU
addressing the cultural problems at Northeast Utilities. Collaborated with the
Fundamental Cause Assessment Team and the NRC’s Millstone Independent
Review Group and provided insights as to the root causes of the problems
effecting the NU nuclear organization.

Named Utility Engineer of the Year (1993) by Westinghouse Electric and
Control Magazine for advancing the safety of nuclear power.

Publicly recognized in October 1992 by the Chairman of the NRC (Ivan
Selin) for significant contributions to nuclear safety, related to the
identification of the condensate pot problems on Boiling and Pressurized
Water Reactors.

Testified before the US Senate Subcommittee about the failure of the
NRC's regulatory practices and the NRC's mistreatment of Nuclear
Whistleblowers. Instrumental in developing Connecticut's Nuclear
Whistleblower Law effective October 1, 1992 which is the strongest
Whistleblower Protection Law in the country. Discussed in Time
Magazine (March 4, 1996) as a contributor to nuclear safety.

Featured on Page 1 of the Wall Street Journal (03/12/1998) as a Nuclear
Safety Advocate assisting the successful recovery of Millstone Units 2 and
3.
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EDUCATION

BS Electrical Engineering, Magna Cum Laude, 1972, University of Hartford
Graduate courses in Mechanical and Thermodynamic Engineering

US Navy Submarine School, 1968

US Navy Nuclear Power School, 1965

US Navy Electronics Technician School, 1964

PROFESSIONAL ASSOCIATIONS

Vice Chairman, Institute of Nuclear Power Operations (INPO) Two Standards
Activities in response to Three Mile Island including Post Accident Monitoring
requirements.

Member of the ANS Standards Committee responsible for developing the
requirements for seismic monitoring systems for nuclear power plants. (ANS
6.8.1 and ANS 6.8.2)

Worked with NEI (NUMARC) on the resolution of the common mode failures of
Rosemont pressure transmitters.

Worked with the NRC and discovered (1992) a significant design error impacting
all BWR’s. This was a deficiency in the design of level transmitters that would
have produced non-conservative reactor level errors. These errors may have
exceeded 35 feet. As a result, every BWR was required to make extensive
modifications to resolve this major issue.

Chairman of Two Committees for the Institute for Nuclear Power Operations
(INPO) related to Three Mile Island post accident monitoring requirements and

emergency response facilities.

Member of ISA 67.04 for the development of Instrument Setpoints for Nuclear
Power Plants

Registered Professional Engineer - California
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Entergy to NRC re: Safety Evaluation
Prepared in Response to AIM Project (August 21, 2014)
Indian Point Safety Evaluation
prepared by Energy (August 21, 2014).



Indian Point Energy Center
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450 Broadway, GSB

Buchanan, NY 10511 0249

':::'Enterg){ P.O. Box 249

Tel (914) 254-2055

Fred Dacimo
Vice President
Operations License Renewal

SECURITY-RELATED INFORMATION - WITHHOLD UNDER 10 CFR 2.390

NL-14-106

August 21, 2014

U.S. Nuclear Regulatory Commlssmn
Document Control Desk

11545 Rockville Pike, TWFN-2 F1
Rockville, MD 20852-2738

SUBJECT:

REFERENCES: 1.

Dear Sir or Madam:

10 C.F.R. 50.59 Safety Evaluation and Supporting Analyses Prepared
in Response to the Algonquin Incremental Market Natural Gas Project
Indian Point Nuclear Generating Unit Nos. 2 & 3

Docket Nos. 50-247 and 50-286

License Nos. DPR-26 and DPR-64

Algonquin Gas Transmission, LLC, Abbreviated Application of Algonquin
Gas Transmission, LLC for a Certificate of Public Convenience and
Necessity and For Related Authorizations, Docket No. CP14-96-000
(Feb. 28, 2014) (“Certificate Application”).

Algonquin Incremental Market Project Draft Environmental Impact
Statement Algonquin Gas Transmission, LLC, August 6, 2014, Docket
No. CP14-96-000, FERC/EIS-0254D

'‘MOTION TO INTERVENE AND COMMENTS OF ENTERGY NUCLEAR

INDIAN POINT 1, LLC, ENTERGY NUCLEAR INDIAN POINT 2, LLC,
ENTERGY NUCLEAR INDIAN POINT 3, LLC AND ENTERGY NUCLEAR
OPERATIONS, INC. Algonquin Gas Transmission, LLC ) Docket No.
CP14-96-000, April 8, 2014

As the Nuclear Regulatory Commission (*NRC”) is aware, Algonquin Gas Transmission, LLC
(“AGT") has proposed to construct and operate a new natural gas pipeline near the Indian Point
Entergy Center (“IPEC”). The Project, known as the Algonquin Incremental Market Project
(“AlM Project”), involves the construction and operation of about 37 miles of natural gas pipeline
and associated facilities to expand natural gas transportation service to Connecticut, Rhode
island, and Massachusetts. The majority of the pipeline facilities would replace existing

SECURITY-RELATED INFORMATION - WITHHOLD UNDER 10 CFR 2.390
When Enclosure 2 is detached, the remainder of this letter

may be made publicly available /K/u7
r\ «/“
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Algonquin pipelines, but the Project also includes the installation of new 42-inch diameter
pipeline near the southern boundary of IPEC to replace the existing 26-inch pipeline in vicinity of
IPEC which will remain in place but idied. On February 28, 2014, AGT filed a formal application
with the Federal Energy Regulatory Commission (“FERC” or “Agency”) related to the AIM
Project (Reference 1).

On August 6, 2014, FERC issued the draft environmental impact statement (“EIS”) for the AiM
Project (Reference 2). As it relates to IPEC, the draft EIS states as follows:

Based on our consultation with NRC, Entergy is required to assess any new safety
impacts on its IPEC facility and provide that analysis to the NRC. Algonquin has
coordinated with Entergy to provide information about its proposed pipeline, and Entergy
is currently performing a Hazards Analysis. To ensure that no new safety hazards would
result from the AIM Project, we are recommending that Algonquin file the final
conclusions regarding any potential safety-related conflicts with the IPEC based on the
Hazards Analysis performed by Entergy.

FERC's conclusions in the draft EIS were based, in part, on comments Entergy submitted to
FERC to assist the Agency in identifying issues for evaluation in the EIS (Reference 3). Entergy
noted in its comments to FERC that the existing AGT system has been operating safely next to
IPEC for several decades, and evaluations of the potential hazards posed by the existing
pipelines, conducted pursuant to NRC regulations and guidance, establish that the existing
pipelines do not impair the safe operation of IPEC. The proposed AlM Project, however,
expands the existing AGT system, inciuding pipeline capacity and pressure. Thus, the potential
for increased nuclear safety risks, including in terms of the probability and consequences of a
potential malfunction or failure of the expanded natural gas pipefine near IPEC, must be
evaluated and found to be acceptable in accordance with applicable NRC regulations.
Accordingly, while such occurrences are unlikely, Entergy must analyze any increased risk and
consequences of such events prior to FERC's approval of the project. Entergy further noted
that, depending on the results of the analysis, prior NRC review and approval of the new
hazards analysis could be required before the project can be approved by FERC. FERC
received numerous other scoping comments from members of the public and government
officials concerning the safety of the Project and its proximity to IPEC. Thus, there is significant
public interest in this project and its potential impacts on IPEC.

As noted in the EIS, Entergy has worked closely with AGT to better understand the scope of the
project and confer regarding means to avoid any potential adverse impacts to IPEC. As a direct
result of those efforts, Entergy and AGT have agreed to a comprehensive set of design and
instaliation enhancements for piping routed near IPEC. These enhancements include, but are
not limited to, thicker piping, thicker corrosion protection, greater burial depth, and installation of
protective reinforced concrete mats to impede access to the buried piping.

Consistent with applicable NRC regulations and guidance, Entergy prepared the enclosed 10
C.F.R. § 50.59 Safety Evaluation related to the proposed AIM Project. Entergy also prepared
two supporting evaluations; (1) Consequences of a Postulated Fire and Explosion Following the

SECURITY-RELATED INFORMATION - WITHHOLD UNDER 10 CFR 2.390
When Enclosure 2 is detached, the remainder of this letter
may be made publicly available
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Release of Natural Gas from the Proposed New AIM 42" Pipeline Taking a Southern Route
Near IPEC and an Analysis of the Causes of and (2) Determination of Exposure Rates
Associated with a Failure of the Proposed AIM 42” Natural Gas Pipeline Near IPEC (also
enclosed and collectively referred to as the “Hazards Analyses™). Both supporting analyses
were prepared for Entergy by The Risk Research Group, the consultant that prepared the
hazards analysis for the existing pipelines near IPEC.

As documented in the attached Hazards Analyses, Entergy has concluded that based on the
proposed routing of the 42-inch pipeline further from safety related equipment at IPEC and
accounting for the substantial design and installation enhancements agreed to by AGT, the
proposed AlIM Project poses no increased risks to IPEC and there is no significant reduction in
the margin of safety. Accordingly, as documented in the enclosed 10 C.F.R. § 50.59 Safety
Evaluation, Entergy has concluded that the change in the design basis external hazards
analysis associated with the proposed AIM Project does not require prior NRC approval.

Entergy’'s comments on the AIM Project draft EIS are due to be filed with FERC by September
29, 2014. Given the current status of the AIM Project, Entergy believes this is the last
opportunity as a matter of right for Entergy to inform FERC as to the results of the Hazards
Analysis, whether additional mitigation is necessary, and whether prior NRC review and
approval is required. [n addition, FERC requested that AGT file the final conclusions regarding
any potential safety-related conflicts with IPEC based on the Hazards Analysis performed by
Entergy by that same date.

As noted above, Entergy has determined that there are no increased risks to Indian Point and,
pursuant to 10 CFR § 50.59, has concluded that prior NRC review and approval is not required.
In our submittal to FERC we plan to point out that as part of the routine inspection program NRC
always has the right to review and challenge any analysis done pursuant to 10 CFR

50.59. Unless NRC chooses to perform such a review we cannot guarantee that they would
ultimately concur with our position. Therefore we will suggest that prior to approving the
Project, FERC should consider conferring with the NRC before reaching a conclusion regarding
the potential hazards posed by the AIM project on IPEC and whether any additional mitigation is
necessary. Accordingly, we are forwarding to the NRC the enclosed Safety Evaluation and
Hazards Analyses and are prepared to answer any questions NRC may have on the Analyses
or support inspections of the same.

Please withhold the hazards analysis (Enclosure 2) under 10 CFR 2.390 as security related
information.

SECURITY-RELATED INFORMATION - WITHHOLD UNDER 10 CFR 2.390
When Enclosure 2 is detached, the remainder of this letter
may be made publicly available
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If you have any questions, or require additional information, please contact Mr. Robert Walpole,
Regulatory Assurance Manager, at [914] 254-6710.

Sincerely,

poe

FRD/sp

A

Enclosures: 1. 10 C.F.R. 50.59 Safety Evaluation

2 Hazards Analysis (SECURITY-RELATED INFORMATION - WITHHOLD
UNDER 10 CFR 2.390

cc: Mr. Douglas Pickett, Senior Project Manager, NRC NRR DORL
Mr. William M. Dean, Regional Administrator, NRC Region 1

NRC Resident Inspector
Mr. John B. Rhodes, President and CEO, NYSERDA w/o Enclosure 2
Ms. Bridget Frymire, New York State Dept. of Public Service w/o Enclosure 2

SECURITY-RELATED INFORMATION - WITHHOLD UNDER 10 CFR 2.390
When Enclosure 2 is detached, the remainder of this letter
may be made publicly available
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ENCLOSURE 1 TO NL-14-106

10 C.F.R. 50.59 SAFETY EVALUATION

ENTERGY NUCLEAR OPERATIONS, INC.
INDIAN POINT NUCLEAR GENERATING UNIT NOs. 2 and 3
DOCKET NOs. 50-247 50-286

SECURITY-RELATED INFORMATION - WITHHOLD UNDER 10 CFR 2.390
When Enclosure 2 is detached, the remainder of this letter
may be made publicly available
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1. OVERVIEW / SIGNATURES'
Facility: 1P2/IP3 : Evaluation # / Rev. #:

Proposed Change / Document: Installation of a New 42" Natural Gas Pipeline South of IPEC

Description of Change: Installation of New 42" Natural Gas Pipeline South of Gypsum Plant and
crossing IPEC Property Near Switchyard / GT2/3 Fuel Oil Storage Tank.

Summary of Evaluation:

The proposed pipeline was evaluated under the criteria of 10 CFR 50.59 and the evaluation shows
that current Nuclear Regulatory Commission criteria were satisfied that would permit the pipeline to be
installed without a license amendment requiring NRC approval

Backaround

The Indian Point Energy Center (IPEC) is traversed by two natural gas pipelines owned and operated
by Spectra Entergy. The pipelines are 26 in. and 30 in. in diameter and operated at a pressure of 600-
650 psig and 600-750 psig, respectively. The two gas pipelines traverse the owner-controlled area
and are physically located closer to Indian Point Unit 3 (IP3) than Indian Point Unit 2 (IP2). The two
lines are buried about 3 ft. deep in a trench formed in excavated rock. Portions of the pipelines at the
shoreline of the Hudson River exit the trench and are above ground. The nearest approach of the
buried portion of the pipelines to safety related structures, systems and components (SSC) is about
400 ft. The nearest above ground portion is approximately 800 ft. from the nearest safety-related
structure (diesel generator building).

The initial licensee and the Atomic Energy Commission considered the hazards posed by these
pipelines during the initial licensing process of IP3, and determined that the presence of the gas
pipelines did not endanger the safe operation of IP3 (Reference 1). Section 2.2 of the AEC'’s safety
evaluation report (SER) for IP3 describes the Staff's conclusions regarding this analysis that the
rupture of these gas pipelines would not impair the safe operation of IP3 (Reference 2).

On September 27, 1997 the New York Power Authority (NYPA) submitted the Individual Plant
Examination of External Events (IPEEE) report for IP3 (Reference 3). In that report, it evaluated the
susceptibility of 1P3 to damage to the pipelines from seismic events. NYPA concluded that the
probability of occurrence was low enough that the pipelines could be screened out as a seismic
vulnerability. NYPA also considered pipeline ruptures from other causes, such as an inadvertent
overpressure condition. Although NYPA stated that a vapor cloud rupture scenario could subject
some IP3 structures to overpressures exceeding 1 psi, it concluded that the probability of an
accidental leak from the line leading to such an event was extremely low. The NRC Staff's evaluation
of the IP3 IPEEE did not identify any concerns with that approach (Reference 4).

In March 2003, questions were raised regarding the safety of the existing natural gas pipelines that
pass through the Indian Point site, and suggested that they could be subject to sabotage. At the
request of NRC Region I, the NRC Staff reviewed the prior evaluations of the lines and associated
potential external hazards to the safe operation of the facility. The Staff’s review is documented in an

' Signatures may be obtained via electronic processes (e.g., PCRS, ER processes), manual methods (e.g., ink signature),
e-mail, or telecommunication. if using an e-mail or telecommunication, attach it to this form.
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April 25, 2003 NRC internal memorandum (Reference 5). The NRC Staff made an assessment of the
risks associated with the potential for large releases of natural gas from the pipelines in the vicinity of
IP3 given the statements made in the IP3 IPEEE, and the focus of prior external hazards evaluations
on the likelihood of an accidental pipe rupture. The NRC Staff also considered intentional acts to
damage the line(s) in its gas pipeline hazard assessment, which is not available to the public for
security-related reasons. The NRC’s April 25, 2003 memorandum states: “For a large rupture and
resulting fire, the staff found that safety-related structures would not be significantly affected. For
unconfined vapor cloud ruptures, the staff found that the factors involved to achieve a rupture creating
sizeable overpressures make the probability for occurrence very low. However, the NRR staft
believes that this aspect should be further evaluated by the Office of Nuclear Safety and Incident
Response (NSIR) in conjunction with Region |”

In March 2008, the NRC Staff requested information from Entergy as a result of a concern from a
member of the public that there are “weak spots” in the IPEC security defense/structure, including a
National Guard security position known as “Point 8.” That request included any analyses or
calculations supporting Entergy’s conclusions regarding the vulnerability of Point 8. In an April 23,
2008 letter (ENOC-08-00021) to the NRC, Entergy explained that Point 8 encompasses the above-
ground pressurized gas piping and valves that are part of the Algonquin natural gas pipelines in the
Owner Controlled Area (OCA) at IPEC. It noted that although the IPEEE had examined an accidental
rupture of the gas pipelines, no evaluation of sabotage-on the gas pipelines within Point 8 previously
had been performed. Entergy further explained that it had implemented additional compensatory
measures to minimize the potential for such an event while it performed the additional assessment
requested by NRC. Those measures are described in Entergy’s April 23, 2008 letter.

As a follow-up to the Request for Information, Entergy completed an evaluation in August 2008 of the
consequences of an assumed rupture of the two gas pipelines as a result of a sabotage on Point 8.
IPEC Engineering completed that evaluation using inputs from an analysis performed by Risk
Research Group, In¢. In that analysis, which Entergy submitted to the NRC on September 30, 2008
(see ENOC-08-00046), Entergy considered the following hazards created by a postulated breach and
rupture of the pressurized aboveground portions of the pipelines: (1) potential missiles, (2) an over-
pressurization event, (3) a vapor cloud (or flash) fire, (4) a hypothetical vapor cloud explosion, and (5)
a jet fire. Entergy’s August 2008 evaluation concluded that “[tlhe concern that an attack on Point 8
would result in a lot of damage and casualties is not substantiated to the extent the Security Plan and
Safe Shutdown capabilities of the plants remain assured in the event of an attack and rupture of the
exposed portions of the Algonquin natural gas pipelines within Point 8.” The IP3 Updated Final Safety
Analysis Report (UFSAR), Rev. 3, Section 2.2.2, discusses the pipelines and lists the 2008 report as
a reference.

On October 25, 2010, a member of the public filed a 10 C.F.R. § 2.206 petition requesting that the
NRC order Entergy to demonstrate that it has the capability to protect the public in the event of a
rupture, failure, or fire on the gas pipelines that cross the Indian Point site. The petition also
requested that the NRC review all available information, and request any necessary information from
Entergy to ensure compliance with all NRC regulatory requirements related to external hazards. Ina
letter to the petitioner dated March 31, 2011, the NRC stated that it had reviewed previous licensee
and NRC reports related to this issue and “did not identify any violations of NRC regulations or any
new information that would change the staff’s previous conclusion that the pipelines do not endanger
the safe or secure operation of I1P2 or IP3.”

EN-LI-101-ATT-9.1, Rev. 11
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Proposed Al ipeline Expansion Projec

Spectra Energy Transmission LLC / Algonquin Gas Transmission, LLC (hereinafter Spectra or
AGT)has filed with FERC a proposal to expand its natural gas transmission capacity, discussed
above, by installing a new 42 inch diameter pipeline that transmits gas at higher pressures than the
current pipelines described above. For purposes of this evaluation, once installed the existing 26 inch
pipeline and 30 inch pipeline are assumed to remain in use. The 42 inch pipeline is currently
proposed to cross the Hudson River south of Indian Point, be routed on the west side of Broadway
where it enters the IPEC owner controlled area before passing under Broadway and near the IPEC
switchyard and the Gas Turbine 2/3 Fuel Oil Storage Tank (GT 2/3 FOST) and eventually joining with
the existing natural gas pipelines. The proposed routing is referred to in this evaluation as the
‘southern route” (The term "southern route” is the term used by Spectra to describe the final selected
pipe routing for the new 42 inch pipeline). Only natural gas would be transmitted through these
pipelines (Reference 6). In response to certain issues identified by Entergy with regard to the
proposed routing of the new 42-in pipeline near IPEC Spectra has stated that it would take additional
design and construction measures on a /8935 foot séction'®f the new pipeline to further limit the
potential for adverse effects on the continued safe operat:on of Indian Point.

While the proposed 42 inch pipeline is further from IP2 and IP3 structures, systems and components
(SSC) within the Security Owner Control Area (SOCA) used to control access to the main plant area
than the existing pipelines, the new pipeline has a larger diameter than the existing lines and operates
at a higher pressure, and therefore is a change to the current licensing basis for external hazards
located near IP2 and IP3. The potential effects of the proposed pipeline on IP2 and IP3 have been
evaluated using current NRC guidelines. Specifically, the Standard Format and Content Regulatory
Guide 1.70 identifies the information to be provided for offsite events that could create a plant hazard.
The NUREG 0800 Standard Review Plan (SRP) sections 2.2.1 to 2.2.3 (Rev 3) further discuss
information to be assessed against current regulations and the descriptions and evaluations to be
considered for acceptability. RG 1.91 Rev 2 provides guidance on how the evaluation should be
performed and states the evaluation is to consider structures, systems and components (SSC)
important to safety as well as safety related SSCs.

Design and Construction
1) Design

As discussed further below, the proposed southern routing must consider potential adverse
effects on SSCs important to safety nearer to the southern route, including the GT 2/3 Fuel Oil
Storage Tank (FOST), electrical switchyard (includes lines to and from Indian Point),
Emergency Operations Facility (EOF)/ meteorological tower, and the city water tank.
Additional features also considered, include the FLEX Storage Building, IP2 and IP3 Steam
Generator Mausoleums, and the fuel oil tanker. The design of the 42 inch gas pipeline is to
use X-52 to X-65 steel, to require a wall thickness of 0.469 to 0.510 inches, and to bury the
pipeline underground with a minimum of 3 feet to the surface from the top of the pipeline
(References 7 and 8). Spectra Energy however, has indicated (Reference 8) that, in the area
where a postulated pipeline rupture could adversely affect IPEC SSCs ITS, about 3935 feet of
the pipeline would be of enhanced design and construction to further limit the already very low
potential for a gas pipeline rupture. The pipeline design will incorporate the following
additional design and construction features:

* The Pipe Grade will be upgraded to X-70, (70,000 psig minimum yield strength and 82,000
psig minimum tensile strength) and manufactured to API 5L standards like all pipeline.

EN-LI-101-ATT-9.1, Rev. 11
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The 0.720 inch wt (thickness in inches), X-70 material operating at the maximum operating
pressure (MAOP) of 850 psi is over 40% greater wt than required by the United States
Department of Transportation’s Pipeline and Hazardous Materials Safety Administration
Natural Gas Pipeline Minimum Federal Safety Standards (49 CFR Part 192) (the “DOT
Code"). The resulting wt exceeds Class 4 requirements, the most stringent DOT Code
classification. The actual length of the enhanced portion of the gas pipeline will be subject
to field survey verification of the proposed Algonquin Gas Transmission, LLC (AGT) 42
inch diameter AIM Project pipeline shown in the enclosed report “Consequences of a
Postulated Fire and Explosion Following the Release of Natural Gas from the Proposed
New AIM 42 inch Pipeline Taking a Southern Route Near IPEC” (hereinafter called
Report).

The following information was provided by Spectra (Reference 8) regarding the design
enhancements:.

o The 0.720 inch X-70 piping is virtually impervious to one of the most frequent causes of
pipe rupture (excavation). The Pipeline Research Committee International (PRCI)
report “Modified Criteria to Evaluate the Remaining Strength of Corroded Pipelines”
documents the size of defect required to cause a pipeline rupture, based upon over
100 pipe defect burst tests. ASME B31G “Manual for Determining Remaining Strength
of Corroded Pipelines” is a guideline used in the pipeline industry that applies this
research to predict pipe defect rupture pressure, including the Modified B31G equation.
There is also a PRCI report (PR-244-9729) “Reliability Based Prevention of
Mechanical Damage to Pipelines” which is available to the public through the Center
for Frontier Engineering Research (C-FER), and Section 6 provides a model, based
upon excavator data, which can be used to predict the force required to puncture a
pipeline. Puncture force is calculated from Equation 6.4 on p.28 of the referenced
PRCI report (PR-244-9729), using a very conservatively low sample ultimate tensile
strength of 79,300 psi and a relatively sharp excavator tooth of 0.5 x 1.5 inches. The
weight of the excavator is based upon Figure 6.3 on p.31 of the PRCI report, but the
required excavator weight to damage the proposed enhanced piping is so great that it
must be extrapolated well beyond the end of the graph. If the curved relationship were
continued, it would never reach the 508 kN (kilo newton) force required to puncture the
0.720 inch wall pipe, but by projecting an over-conservative straight line to continue the
upper right slope of the curve, an excavator weight of 193 tons at 508 kN would be
necessary to damage the enhanced piping. The probability of excavator size comes
from Figure 6.1 on p.30 of the PRCI report. This type excavator has not been seen at
IPEC as can be demonstrated by the fact the largest Caterpillar backhoe (385CL) is
less than half that size at 94 tons

o The criterion for whether a defect fails as a leak versus a rupture comes from NG-18
research. The “Through Wall Collapse” (TWC) equation was developed many years
ago from analyses of numerous full-scale pressure tests of pipe by Dr. Kiefner and
others at Battelle. A puncture is nowhere close to the leak-rupture line, so it is very
apparent that a puncture of the pipe wall would only cause a leak and would not
rupture the pipe. '

EN-LI-101-ATT-9.1, Rev. 11
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The Modified B31G equation is:

(b) Modified B31G. For z £ 50,

M = (1 + 0.6275z - 0.003375z%)!/2

For z > 50,
M = 0032z +33
5. = s 1 - 0.85(d/p)
F = Sfow {4 _ 0.85(d/ty/M
z = 1.27Dt

Inputting a 70% depth defect with length of 20’ into the above equation produces a
minimum failure pressure Sg = 1121 psig, whereas the maximum operating pressure of
the pipeline is only 850 psig.

All pipe is procured from vendors who have passed a stringent quality audit, and full-time
mill inspection is performed by AGT during pipe production. AGT pipe specifications
require additional quality testing and integrity requirements above and beyond API-5L
standards.

Standard coating for all the pipe will be Fusion Bond Epoxy (FBE) coating 16 mils
(thousands of an inch) nominal; 12 -14 mils is industry standard. Coating for the enhanced
pipe will be a dual layer with FBE and Abrasion Resistant Overlay (‘ARQ"). AGT wili
specify 25 mils of coating, consisting of 16 mils of FBE and 9 mils of ARO. ARO wiil
provide for enhanced protection during installation and provide additional external
corrosion protection. Internal corrosion protection will also be provided (1.5 mils of FBE).

A physical barrier to impede access to the buried piping will be installed above the
enhanced pipe. Instaliation will include two (2) parallel sets of fiber-reinforced concrete
slabs with dimensions of 3 feet wide by 8 feet long by 6 inch thick (a cross-sectional view
of the proposed design is provided in Appendix B, Exhibit C of the attached report). Yellow
warning tape will be placed at the top of the concrete slabs and another layer 1 foot above
the pipe.

The latest state of the art cathodic protection will be used on the pipeline.

Piping was or will be purchased to AGT Pipe standards ES-PP3.11 and/or ES-PP3D.3. Mill
inspection will follow standards I1S-IP1.1, 1S-1C1.1, and 1S-IC2.1. Non-Destructive Examination
(“NDE™) will follow APL-5L PSL-2 requirements as well as AGT Standards in the mill. All pipe
is tested in the mill in accordance with AGT Standards,

Construction

The construction of the new pipeline is not going to result in any issues affecting plant
operation. The construction pathway will result in construction under the power lines from the
switchyard, but appropriate protective measures will be used to prevent interference with the

EN-LI-101-ATT-9.1, Rev. 11
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power lines. The construction pathway will not require construction above the existing gas
pipeline and (per Reference 8):

There will be no biasting for rock removal in the region of the enhanced design pipe.

e The Broadway crossing on the west side of the tank will be made using an open cut
installation method. Spectra will ensure that traffic flow is maintained during construction,
and access to the Indian Point facility is not impeded.

o Work near electrical power lines will follow industry standard practices and OSHA
regulations.

¢ The enhanced gas pipeline would be buried to a minimum greater depth of 4 feet from the
top of the pipeline to the surface and buried 5 feet under Broadway.

e The pipeline coatings will be inspected electronically as the enhanced pipeline is lowered
into the ground. A coating fault test is normally performed to detect any faults prior to
backfill. In addition a Direct Current Voltage Gradient (DCVG) survey will be performed to
ensure coating integrity following enhanced pipe installation and partial backfill.

Spectra pipe installation welders must be qualified by destructive testing. To maintain their
qualification, they must have a qualifying weld inspected via non-destructive testing and found
to be acceptable at intervals not exceeding 6 months. A welder must re-qualify via destructive
testing every 2 years. The welder's qualifications and continuation of qualification must be
documented. All pipeline/piping welding procedures shall be qualified by destructive testing.
All welding (including temporary welds) will be in compliance with approved welding
procedures and performed by an AGT approved qualified welder.

All field welds for enhanced gas pipeline shall aiso undergo Non Destructive Examination
which will include as a minimum 100% radiography of all field butt welds for Class Locations 1.
The normal radiography requirement is 10% of all butt welds. All installed pipe will also
undergo a full hydrostatic test in the field after installation to verify pipe integrity per the DOT
Code requirements and AGT standards.

Ongoing Pipeline Maintenance and Monitoring Activities

Spectra monitors the cathodic protection levels on its pipeline system in accordance with the
49 CFR § 192.465(a): “Each pipeline that is under cathodic protection must be tested at least
once each calendar year, but with intervals not exceeding 15 months, to determine the
cathodic protection meets the requirements of 49 CFR § 192.463.“ Spectra also performs an
assessment of its pipeline system in high consequence areas in accordance with 49 CFR § -
192.921, which will include IPEC. Subsequent reassessments are done at a maximum of 7
years in accordance with 49 CFR § 192.939. Cathodic protection surveys will confirm, at test
sites installed along the pipeline, that cathodic protection voltage potentials are maintained at
levels necessary to prevent corrosion. Sophisticated inline inspection tools will be run through
the pipeline at least once every seven years to identify internal and external corrosion, and
other defects. These inspection tools continue to advance and can detect, size and locate
pipe anomalies with high accuracy. Any defect noted by a tool run are tracked and corrected
as necessary.

The methods used to prevent pipeline overpressure have been successful for many decades

at compressor stations. Spectra has stated that it never had a pipeline rupture attributable to
over-pressuring a pipeline. There are multiple levels of protection:
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The first level of protection is a precautionary alarm at 5 psi below the maximum allowable
operating pressure (MAOP) to alert the Gas Control center in Houston to determine if any
action needs to be taken and to ensure conditions are under control.

The automated control system for the compressor unit is set to ensure that the discharge
pressure does not exceed the pipeline MAOP.

It is extremely rare that pressure ever exceeds MAOP, but if this were to happen, a
“critical” alarm would alert the local station attendant and the Gas Control center in
Houston to take immediate manual control measures (e.g., slowing or shutting down
compressors, adjusting conditions at nearby facilities, etc.) to reduce pressure. These .
personnel are trained on how to respond to abnormal operating conditions.

The Stony Point station control system is set to automatically shut down the unit and
close the unit isolation valves when pipeline pressure reaches MAOP for 305 consecutive
seconds.

The Stony Point station control system is set to automatically shut down the unit and
close the unit isolation valves when pipeline pressure reaches MAOP + 1psig for 10
consecutive seconds.

The turbine compressor units also have a manufacturer-installed, automatic shutdown
system to protect the equipment from damage and the set point on this device is lowered
to trigger at 15 psi above MAOP.

in the very unlikely event that the pressure were to continue to climb, the standard over
pressure protection (“OPP”) system is in place to automatically shut down all compressors
at the station, and this is set at the OPP limit specified in the DOT Code 49 CFR §
192.169 (or 34 psi above MAOP for the new 42 inch pipeline).

Relief valves are also in place at most compressor stations, as noted, but are part of an
older operating strategy and are not relied upon as the primary means of overpressure
protection (gas emissions and noise from relief valves are undesirable).

The pressure control and overpressure devices are reliable, and the accuracy of set
points is verified at periodic time intervals in accordance with the DOT Code.
Maintenance records are audited by internal teams as well as the United States
Department of Transportation’s Pipeline and Hazardous Materials Safety Administration
auditors to ensure compliance.

Actions in the event of a rupture

The existing pipeline automation and control system, which will be used for the proposed new
42 inch pipeline near IPEC, does not provide for an automatic isofation of the closest upstream
and downstream mainline valves upon the detection of a pipeline rupture. The two closest
actuated valves are located at mile post 2.61 on the west side of the Hudson River and at mile
post 5.47 just east of IPEC. They would require an operator to take action to close these
valves. The system, however, is monitored 24 hours a day and an alarm would immediately
alert the control paint operator, located in Houston, Texas, of an event and isolation would be
initiated. This would result in all the gas between these valves at the time of closure being able
to vent or burn. The estimated time to respond to the alarm (less than one minute) and the
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closure time of the valves (about one minute) was used as the basis for an assumed closure
time of three minutes for the analysis performed in the attached repont.

The next closest isolation valve locations are at the Stony Point Compressor Station mile post
0.0 and at MLV 15 at mile post 10.52. Valve operation follows the requirements of the DOT
Code and is tested on a periodic basis to ensure compliance with code requirements.

Evaluation Criteria

The Standard Format and Content Guide (RG 1.70) requires in Section 2.2.3.1 (Determination of
Design Basis Events) that design basis events external to the nuclear plant be defined as those
accidents that have a probability of occurrence on the order of about 1x107 per year or greater and
have potential consequences serious enough to affect the safety of the plant to the extent that Part
100 quidelines could be exceeded. It further states:

“The determination of the probability of occurrence of potential accidents should be based on
an analysis of the available statistical data on the frequency of occurrence for the type of
accident under consideration and on the transportation accident rates for the mode of
transportation used to carry the hazardous material. If the probability of such an accident is on
the order of 107 per year or greater, the accident should be considered a design basis event,
and a detailed analysis of the effects of the accident on the plant’s safety-related structures
and components should be provided.”

Ruptures — Accidents involving detonations of high explosives, munitions, chemicals, or liquid
and gaseous fuels should be considered for facilities and activities in the vicinity of the plant
where such materials are processed, stored, used, or transported in quantity. Attention should
be given to potential accidental ruptures that could produce a blast overpressure on the order
of 1 psi or greater at the plant, using recognized quantity-distance relationships. Missiles
generated in the rupture should also be considered.

Flammable Vapor Clouds (Delayed Ignition) — Accidental releases of flammable liquids or
vapors that result in the formation of unconfined vapor clouds should be considered. Assuming
that no immediate rupture occurs, the extent of the cloud and the concentrations of gas that
could reach the plant under “worst-case” meteorological conditions should be determined. An
evaluation of the effects on the plant of detonation and deflagration of the vapor cloud should
be provided. Missiles generated in the rupture should also be considered.

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

Missiles Generated by Events near the Site — Identify all missile sources resuiting from
accidental ruptures in the vicinity of the site. The presence of and operations at nearby
industrial, transportation, and military facilities should be considered. Missile sources that
should be considered with respect to the site include, among others, pipeline ruptures.

NUREG 0800 is the NRC Standard Review Plan (SRP) which provides the NRC review criteria and
acceptance criteria. The current revision of SRP Section 2.2.3 acceptance criteria states

EN-LI-101-ATT-9.1, Rev. 11



“Specific SRP acceptance criteria acceptable to meet the relevant requirements of the NRC's
regulations identified above are as follows for the review described in this SRP section. The SRP
is not a substitute for the NRC's regulations, and compliance with it is not required. However, an
applicant is required to identify differences between the design features, analytical techniques,
and procedural measures proposed for its facility and the SRP acceptance criteria and evaluate
how the proposed alternatives to the SRP acceptance criteria provide acceptable methods of
compliance with the NRC regulations.

1.

Event Probability

The identification of design-basis events resulting from the presence of hazardous materials or
activities in the vicinity of the plant or plants is acceptable if all postulated types of accidents
are included for which the expected rate of occurrence of potential exposures resulting
radiological dose in excess of the 10 CFR 50.34(a)(1) as it relates to the requirements of 10
CFR Part 100 is estimated to exceed the NRC staff objective of an order of magnitude of 10-7
per year. ~

If data are not available to make an accurate estimate of the event probability, an expected
rate of occurrence of potential exposures resulting in radiological dose in excess of the 10
CFR 50.34(a)(1) as relates to the requirements of 10 CFR Part 100, by an order of magnitude
of 10-6 per year is acceptable if, when combined with reasonable qualitative arguments, the
realistic probability can be shown to be lower.

Design-Basis Events

The effects of design-basis events have been adequately considered, in accordance with 10
CFR 100.20(b), if analyses of the effects of those accidents on the safety-related features of
the plant or plants have been performed and measures have been taken (e.g., hardening, fire
protection) to mitigate the consequences of such events.

The SRP says that the “technical rationale for application of these acceptance criteria to the areas of
review addressed by this SRP section is discussed in the following paragraphs:

1.

Offsite hazards that have the potential to cause onsite accidents leading to the release of
significant quantities of radioactive fission products, and thus pose an undue risk of public
exposure, should have a sufficiently low probability of occurrence and should fall within the
scope of the low-probability-of-occurrence required by 10 CFR 100.20(b) based on criterion of
10 CFR 50.34(a)(1) as it relates to the requirements of 10 CFR Part 100.

Data are often not available to enabie the accurate calculation of probabilities because of the
low probabilities associated with the events under consideration. Accordingly, the expected
rate of occurrence of potential exposures in excess of the 10 CFR 50.34 (a)(1) requirements
as they relate to the requirements of 10 CFR Part 100 guidelines by an order of magnitude of
10-6 per year is acceptable if, when combined with reasonable qualitative arguments, the
realistic probability can be shown to be lower.

Regulatory Guide (“RG”) 1.91 describes methods for nuclear power plant licensees that the NRC Staff
finds acceptable for evaluating postulated failures at nearby facilities and transportation routes. One
method includes the calculation of minimum safe distance based on estimates of TNT-equivalent
mass of potentially explosive materials. Once blast load effects are calculated, the safe distances can
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be based on peak positive incident overpressure below one pound per square inch, or 1.0 psi for
which no significant damage would be expected. The RG goes on to say “If the facility with potentially
explosive materials or the transportation routes are closer to SSCs important to safety than the
distances computed using Equation (1), the applicant or licensee may show that the risk is acceptably
low on the basis of low probability of failures. A demonstration that the rate of exposure to a peak
positive incident overpressure in excess of 1.0 psi (6.9 kPa) is less than 1x10°® per year when based
on conservative assumptions, or 1x107 per year when based on realistic assumptions, is acceptable.
Due consideration should be given to the comparability of the conditions on the route to those of the
accident database. [f the facility with potentially explosive materials or the transportation routes are
closer to SSCs important to safety than the distances computed using Equation (1), the applicant may
show through analysis that the risk to the public is acceptably low on the basis of the capability of the
safety-related structures to withstand blast and missile effects associated with detonation of the
potentially explosive material.”

Results of Evaluation of Proposed Southern Route

Pipeline Rupture Event

The potential failure of the proposed new 42 inch pipeline along the more-distant (from IP2 and [P3)
southern route has been evaluated for both exposure rates and effects.

The NRC noted in the discussion in RG 1.91, Rev 2, that “The NRC staff determined that if the
probability of an failure at a nearby facility or the exposure rate, based on the theory in the Federal
Emergency Management Agency’s Handbook of Chemical Hazard Analysis Procedures, November
2007 (Ref. 11) for material in transit, can be shown to be less than 1x10-7 per year, then the risk of
damage caused by failures is sufficiently low” Chapter 11.0 “Probability Analysis Procedures,”
Section 11.6 “Transportation of Hazardous Materials By Pipeline,” has developed a formula for
estimating the frequency of pipeline releases considering the size of the pipeline (> 20 inches
diameter applies to this pipeline), the length of pipe under consideration (about 3935 feet) to exclude
damage to the switchyard and the GT 2/3 FOST), and size of the breach (guillotine breaks are
considered which is 20% of all breaks).

For the proposed pipeline, the FEMA “Handbook of Chemical Hazard Analysis Procedures” identifies
(page 11-28) the accident rate for pipelines with diameters greater than or equal to 20 inches is 5E-4
releases per year-mile. The length of pipe that could affect the SSC important to safety is greater
than the enhanced gas pipeline of 3935 feet or 0.745 miles. This length corresponds to the probability
of 3.73E-4. This value is not used to assess the 42 inch gas pipeline but is used to conclude that the
rupture of the gas pipeline must be considered as a design basis event under NRC guidance. The
value is not used to assess the gas pipeline because the data base from which frequency is
determined is not applicable to this gas pipeline (it includes mostly pipelines of steel but also
considers pipes of other materials, considers pressure of up to several thousand pounds per square
inch (psi), pipes of various different diameters, and pipes of older and less rigorous design).

Consideration of the gas pipeline rupture as a design basis event requires a hazard analysis to be
prepared. The hazard analysis must consider the location of safety related and important to safety
structures, systems and components (SSCs) relative to the gas pipeline. The acceptance criteria for
the hazard analysis considers; if the probability of a gas pipeline rupture is sufficiently low the event
may be excluded; if the rupture does not damage the safety related or ITS SSCs then the rupture is
acceptable; or, if the safety-related SSCs remain available to safely shutdown the plant and the risk of
damage to the SSCs is low, then the risk to the public can be considered acceptable.
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If the gas pipeline distances are sufficient to limit overpressure to less than 1.0 psi, the continued
capability of safety related structures to withstand the effects of a gas pipeline rupture can be shown.

This hazards analysis considers the effects of the gas pipeline rupture to involve the approximately 3
miles of pipeline between isolation valves and considers the event to be terminated by manual action
within 3 minutes after any pipeline rupture event by closing the closest isolation valves and limiting the
event to the gas between these valves. Further, local fire departments have been trained in large
gasoline fires of the type postulated for IPEC security events and will therefore have the ability to
address any secondary fires and fire damage that will be of a lesser size when the gas pipeline flow
has been terminated.

Evaluation of significance to margin of safety

The effects on safety related and important to safety (ITS) SSCs from a postulated gas pipeline failure
could come from (1) potential missiles, (2) an over-pressurization event, (3) a vapor cloud (or flash)
fire, (4) a hypothetical vapor cloud explosion, and (5) a jet fire. The attached analysns of the effects of
a postulated gas pipeline failure and explosion along the southern route near IPEC is consistent with
NRC guidance and demonstrates that there will be no damage to safety-related SSCs. However, the
attached analysis also shows that certain SSCs important to safety (i.e., Switchyard with associated
transmission lines, Gas Turbine 2/3 Fuel Qil Storage Tank (GT 2/3 FOST), City Water Tank, and
Emergency Operations Facility (EOF) and meteorological tower) have to be evaluated for loss under
certain postulated rupture scenarios. Entergy is also considering potential impacts to the FLEX
Storage Building, the fuel oil tanker, and the (P2 and |P3 steam generator mausoleums.

Regulatory Guide (RG) 1.91 Rev 2 defines an acceptable method for establishing the distances
beyond which no adverse effect would occur based on a level of peak positive incident overpressure.
The peak overpressure of 1.0 psi (6.9 kPa) is considered to define this distance and can be calculated
by

Rmin =2 * W'

where
Rmin = distance from explosion where P, will equal 1.0 psi (6.9 kPa) (feet or
meters)
W = mass of TNT (pounds or kilograms (kg))
Z = scaled distance equal to 45 (f/Ib"®) when R is in feet and W is in pounds
Z = scaled distance equal to 18 (m/kg"®) when R is in meters and W is in
kilograms

The attached report contains the hazard evaluation which calculates the minimum safe distances from
a vapor cloud explosion using the RG 1.91 formula (Table 10). The hazard evaluation also
conservatively assumed damage to SSC important to safety from thermal radiation of 12.6 kW/m?
(Table 4) due to a jet fire (immediate ignition of the release produces a jet fire anchored on the
pipeline) and calculated the distance to achieve this value. The hazard analysis also defines the
missile hazard based on historical industry pipeline failure data and demonstrates the delayed vapor
cloud explosion (deflagration) is not a concern. The hazard evaluation is considered to be very
conservative since the methodologtes used for calcuiating the overpressure distance and the selection
of the thermal radiation of 12.6 kW/m? (the distance that plastic melts / piloted ignition of wood are well
below the thermal radiation for building damage) The attached hazard analysis identifies distances
beyond which damage is not postulated even in worst case ruptures as follows:
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Type of Effect Evalulated Exclusion Distance Basis

Jet fire 1266 ft (386 m) A heat flux of 12.6 kW/m? was chosen as
a basis for limiting postulated damage

Vapor Cloud explosion 1155 ft (352 m) A 1.0 psi overpressure will not occur at

(detonation) greater distance

Missile 900 ft (274 m) The maximum distance that missiles
have been observed

The first assessment assumes that these SSCs ITS could be damaged by a postulated explosion and
evaluates whether there would be a significant reduction in the margin of safety. The assessment is
to quantify potential effects assuming a postulated gas pipeline rupture and does not consider the
frequency of a gas pipeline rupture and explosion or the capability of SSC. The assessments are
based on the closest distances from the enhanced and unenhanced pipeline, as follows:

SSCITS Closest distance from Closest distance non-enhanced
enhanced gas pipeline gas pipeline
Switchyard 115 (35m) >1266 ft (386 m)
GT2/3 fuel tank 105 ft (32 m) >1266 ft (386 m)
City water tank 1336 ft (407 m) >1266 ft (386 m)
Meteorological tower Not applicable 551 ft (168 m)
EOF 1002 ft (305 m) >1266 ft (522 m)
SOCA 1580 ft (482 m) >1580 ft (482 m)
Backup Meteorological tower 1844 ft (562 m) >1266 ft (386 m)
SSC of Interest
FLEX Building 1033 ft (315 m) 1162 ft (354 m)
Unit 2 SG Mausoleum 1440 ft (439 m) >1266 ft (386 m)
Unit 3 SG Mausoleum Not Applicable 477 ft (145 m)

The following assessment discusses the safety significance of a postulated loss of SSCs ITS from a
postulated gas pipeline rupture. It concludes a loss of the SSCs important to safety would not result in
a significant decrease in the margin of safety provided for public health and safety except for the
assumed loss of the switchyard and GT 2/3 FOST which are more significant SSCs ITS.

A postulated gas pipeline rupture near the switchyard could cause total loss of the switchyard
of the type that could occur with low probability events such as extreme natural phenomena
(e.g., earthquake, tornado winds / missiles, hurricanes, etc.) that the switchyard is not
protected against. The potential loss of the switchyard can result in loss of offsite power to the
plant and result in a generator or turbine trip with or without fast bus transfer to the turbine
generator bus. This is considered a relatively high probability event and is analyzed in the
Updated Final Safety Analysis Report (UFSAR). The loss of offsite power would result in
automatic operation of the Emergency Diesel Generators (EDG) to provide essential power to
cool down and shutdown each plant. The loss of offsite power is also considered as an
initiator of the station blackout event (SBO) where the three EDG (three for IP2 or three for
IP3) at one plant are postulated to fail to start. Both IP2 and IP3 have a separate SBO diesel
generator for such an event. ThelP2'8BQ.dieselshas.afueloil:supplysinthednit-isturbine.s
building but depends upon the city water storage tank for initial cooling: The IP3 SBO diesel .
shasilocabfueloil'supplies'and'has radiatorcooling«»The SBO event considers the ability to
restore the switchyard in determining the duration for which a SBO is evaluated. However,
loss of the switchyard for an extended period of time due to a postulated pipeline rupture does
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not need to be considered for the SBO. NRC acceptance criteria for SBO (NUMARC 87-00)
do not require consideration of low probability events such as severe natural phenomena or
pipeline rupture for SBO. Therefore there would be no significant reduction in margin of safety
due to loss of the switchyard from the contribution of a switchyard failure due to a gas pipeline
rupture.

e A postulated gas pipeline rupture near the GT 2/3 FOST could cause loss of the tank. The
purpose of the tank is to provide a supply of fuel oil to the IP2 and IP3 EDG so that they would
have an overall 7 day supply of fuel oil (it is presumed that additional fuel oil as well as backup
generators could be made available in that time). The function of the GT 2/3 FOST is backed
up by the ability to provide fuel oil from outside the plant. The gas pipeline rupture that could
cause loss of the GT 2/3 FOST could also result in loss of the switchyard due to their close
proximity. This will require the backup fuel oil from offsite to be provided as the primary means
of achieving a 7 day fuel oil supply. The gas pipeline rupture could also cause loss of the main
access gate to the site directly across from the switchyard but there are other access gates for
delivery of the fuel oil. The gate several hundred feet further south (it used to access IP3 when
the two units were independent) could be blocked by the rupture since it is not too far from the
GT 2/3 FOST. This gate has been blocked with two concrete barriers (a crane could be used
to remove them). To the north about 1850 feet is the gate used for access to IP2 when the two
sites were independently owned and this gate is expected to be available. It is easily
accessible by opening the gates in the owner controlled fence and manually opening the
blocking bar used in place of concrete barriers. Although access is feasible, the dependency
on the offsite delivery results in a reduction in the margin of safety for the safety related EDG to
provide the power for plant shutdown. The tanker that is stored onsite to transport fuel oil from
the GT 2/3 FOST is within the damage range but will be relocated to assure availability for all
cases where the GT 2/3 FOST remains available. Therefore it is concluded that the reduction
in the margin of safety is more significant assuming a pipeline failure that results in the loss of
both the sw1tchyard and GT 2/3 FOST. But as dlscussed below %ﬁ&lﬂ mmgmma: )

,‘ “’Tn%mm'@nﬂ Mwﬁg éﬁﬁﬂﬁii s e
operation of IPZ or IP3.

e A postulated gas pipeline rupture will not cause loss of the city water tank because the
distance from the gas pipeline is sufficient to prevent loss of the tank (see above table) since
the peak positive incident overpressure will not exceed 1.0 psi and the heat flux will not
exceed 12.6 kW/m? The city water tank functions as alternate water supply to the IP2 and IP3
Auxiliary Feedwater Systems. It also serves as a backup for other SSCs, including the IP2
Appendix R / SBO diesel. The'ruptiire ofthe'gas: éﬁipelma is not cause: by severe natural -
mmeﬁa or by any postulated plant event and is therefore, not coincident with any plant
avent requiring the city water tank® Therefore there is no s;gmf icant reduction in the margin of

A postulated gas pipeline rupture could cause loss of the important to safety Emergency
Operations Facility (EOF) because it can see a heat flux of 12.6 kW/m? and be exposed to an
overpressure in excess of 1 psi, as well as loss of the meteorological tower which is also within
both exclusion distances. The function of the EOF is to act as a central command post for a
plant emergency that meets the criteria for emergency responders to assemble. The function
of the meteorological tower is to provide weather information in the event of a plant emergency
that requires activation of the emergency response organization, it contains instrumentation for
Entergy activation of the siren system and communications with the offsite assessment team.
No gas pipeline rupture will cause any plant damage meeting the criteria for emergency
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planning to assemble in the EOF. The EOF is activated for Alert Emergency Level declaration
or above. An Unusual Event would likely be declared in the event of a pipeline rupture that
results in switchyard failure (Loss of all offsite AC power to 480 V safeguards buses (5A,
2A/3A, 6A) for > 15 min) but the Alert Emergency Level criteria criteria would not be reached.
The failure that does damage the meteorological tower would not result in damage to the
switchyard. Also, there is a backup meteorological tower (it does not contain the 60 meter and
122 meter instruments), normal means to activate the siren systems from the counties,
alternate communications with the assessment teams, and a backup EOF that would not be
affected by the rupture. There would therefore be no significant reduction in the margin of
safety since the EOF and meteorological tower functions would not be required and backups
are available.

There is no damage to the SOCA which is beyond the exclusion distance for which the effects
of the gas pipeline explosion are considered for damage to SSCs. The SOCA boundary was
identified for evaluation since the plant safety related SSCs are within the SOCA boundary and
the SOCA represents the outer security boundary. Therefore there is no damage to safety
related or security required SSCs.

In addition to the SSCs important to safety discussed above, other features have been considered.

The building for storage of FLEX equipment (used for beyond design basis events) is required
to address Fukushima orders. The building is constructed of reinforced concrete and was
designed for a tornado overpressure. It does not have a damage potential from vapor cloud
detonation because the overall structural capability of the building is designed for 3.0 psi
overpressure compared to the predicted overpressure which is only slightly over 1 psi. The
FLEX storage building is outside the postulated distance for a missile. The building is within
the heat flux distance but the heat flux will not be great enough to affect the concrete and there
is no other equipment to be affected.

The storage of the steam generators replaced on IP2 and IP3 is in mausoleum buildings. The
Unit 3 mausoleums are subject to potential damage since they are within the exclusion
distance for heat flux, missile damage and overpressure. The Unit 3 building has 3 foot thick
reinforced concrete walls supported by a pile foundation with reinforced concrete pile, an 18
inch (average) thick reinforced concrete roof supported by metal decking and steel beams,
and an 8 inch thick reinforced concrete grade slab. Although the structure contains radioactive
material, analyses have demonstrated the failure of the structure would not result in releases
exceeding the limits in 10 CFR 20 (10 CFR 50.59 analysis dated May 1987). The Unit 2
mausoleum is outside the exclusion distances and a postulated rupture would have no effect.

A rupture of the buried gas pipeline due to a sabotage event is not considered deterministically or in
the evaluation of frequency because the NRC'fégulations:do:not:require.the. postulation-of sabotage”
onfacilities:that-are not part.of the.power plantand due to the substantial difficulty of intentionally
‘causing an rupture of underground piping coupled with the extra design features that have been
included in the proposed enhanced pipeline design. A gas pipeline rupture of exposed (above-
ground) portions of the pipeline due to sabotage, however, has been postulated at IPEC in the past in
response to a concern, although there is no regulatory requirement to do so. Consistent with this
precedent, a sabotage event is postulated, but limited to considerations of potential sabotage of above
ground piping. The above ground piping, however, is sufficiently far from any SSC important to safety
so that all SSCs are outside the exclusion areas of the hazard analysis.
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A gas pipeline rupture due to natural phenomena was also evaluated and is not considered to
represent a credible threat to the pipeline. Tornadoes and hurricanes do not present a threat to the
buried pipeline due to winds or missiles. Missile impacts are resisted by the strength of the piping and
the 3 to 4 foot depth of the soil. Additionally, the effects of tornado missiles are not part of the 1P2
design basis and are restricted to a single missile at IP3. A seismic event has the potential to cause
loss of supporting soils due to the potential liquefaction of the underlying soils and susceptibility to
other damage that could cause loss of the pipeline. However, due to the rocky sail in this area at
relatively shallow depths combined with low seismicity, liquefaction of the underlying soil is not likely
(Reference 9). As a result, the pipeline will be continuously supported along the entire length of burial
by the soil and will tend to move in phase with the soil during an earthquake resulting in low stresses.
The primary risks from ground movement hazards come from active seismic fauits, landslides, long
wall mine subsidence, and frost heaves in areas with deep frozen ground, none of which apply along
the pipeline in the area near the Indian Point Facility. Therefore, a seismic event is not postulated to
adversely affect the buried portion of the pipe.

The potential exists where the 26 / 30 inch pipeline will come together with the 42 inch pipeline for an
explosion in one of the three pipelines to cause an explosion in one or more of the other lines. This
would be possible in the above ground portion of the pipeline but the blasts would be sequential and
this distances are great enough that the effects wouid be acceptable. Experience has shown that the
rupture of one underground pipe would not affect another since the forces are upward. Also the lines
are not close enough to even create this possibility until they reach the area where they are brought
above ground. Therefore, a postulated simuiltaneous failure of the buried portions of the existing 26 /
30 inch pipelines and new 42 inch pipeline is not a credible event.

Frequency of Events

The prior discussion indicates that the new gas pipeline represents no potential damage to safety
related SSC but a gas pipeline rupture could cause potential damage to SSCs ITS closer to the
proposed southern route. The discussion also assesses the effects on the safety margin for
protection of the public for a postulated gas pipeline rupture. The following information shows that the
frequency of postulated gas pipeline ruptures that could damage SSCs ITS are, based in part on the
enhanced design and installation features, sufficiently low and do not result in a significant reduction
in the margin of safety. This is because they are excluded from consideration in accordance with
NRC guidance due to the very low frequency of a gas pipeline rupture that could damage these SSCs
ITS and because the frequency is sufficiently low that the undamaged safety related SSCs can be
credited with safely shutting down the plant, or because the SSCs are not within the distance where
they could be damaged. The one exception to this being the Meteorological Tower, which is above
10-6/yr. however, there is a backup Meteorological Tower and other means of obtaining
meteorological data (e.g., NOAA)

The frequency of a pipeline explosion was evaluated using industry data and correlating it to more
recent data. The frequency of a pipeline rupture and enhanced pipeline rupture is 1.32E-5 per mile-
year and 1.98E-6 per mile-year, respectively. These are considered conservative values. The
frequency of damage to the various SSCs ITS is calculated by the length of pipeline exposure and the
frequency of occurrence of the types of events. The results are as follows:

L T SSCITS - . Tl s YEvent) Sl A Frequencyifyear”
Switchyard Jet fire 7.23E-7
Vapor Cloud explosion : 5.52E-8
Missile 1.32E-7
GT2/3 fuel tank / switchyard Jet fire 5.20E-7
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Vapor Cloud explosion

4.25E-8

GT2/3 fuel tank

Missile

1.51E-8

City water tank

Jet fire

Outside damage distance

Vapor Cloud explosion

Outside damage distance

Missile

Qutside damage distance

Meteorological tower Jet fire 1.86E-6

Vapor Cloud explosion 1.51E-7

Missile 2.06E-9
EOF Jet fire 4.02E-7

Vapor Cloud explosion 2.79E-8

Missile QOutside damage distance
SOCA Jet fire QOutside damage distance

Vapor Cloud explosion

Outside damage distance

Missile

Outside damage distance

Backup Meteorological tower

Jet fire

Outside damage distance

Vapor Cloud explosion

Outside damage distance

Missile

Outside damage distance

City Water Tank

Jet fire

Outside damage distance

Vapor Cloud explosion

Qutside damage distance

Missile

Outside damage distance

“Other SSC.of Interes

FLEX Building

Jet fire

No exposed instruments for

12.kw/m? to damage
Vapor Cloud explosion Overpressure 1.19 psi building
' design for 3.0 psi
Missile Qutside damage distance
Unit 2 SG Mausoleum Jet fire Outside damage distance

Vapor Cloud explosion

Outside damage distance

Missile

Outside damage distance

Unit 3 SG Mausoleum

Jet fire

1.38E-6 (for thermal radiation
that would damage the building)

Vapor Cloud explosion

1.95E-7

Missile

3.83E-8

Conclusion

Based on the considerations discussed above, the potential for an increase in risk to the public is

acceptably low on the basis of:

¢ there is no damage to safety related SSC or plant security from a postulated pipeline rupture;

» the effect on SSCs ITS of a postulated gas pipeline rupture would not have a significant effect

on plant safety because:

= The SSCs ITS have been shown to be sufficiently far away from a postulated gas

pipeline failure so as to be unaffected by the failure, or
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= Based on the agreed-upon pipeline design and construction enhancements, the low
frequency of a gas pipeline rupture would preclude consideration of rupture with
damage to SSC ITS, with the exception of the Meteorological Tower where frequency is
greater that 10E-6. The meteorological tower, is not required for shutdown and the
undamaged safety related SSCs can be credited with safely shutting down the plant.
The meteorological tower also has backup capability and other means of obtaining
meteorological data are available (e.g., NOAA).

Therefore there is no significant reduction in the margin of safety with regard to public safety.
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50.59 EVALUATION

Does the proposed Change being evaluated represent a change to a method of evaluation
ONLY? If “Yes,” Questions 1 -7 are not applicable; answer only Question 8. If “No,” answer [] Yes
all questions below. X No

Does the proposed Change:

1.

Result in more than a minimal increase in the frequency of occurrence of an accident [] Yes
previously evaluated in the UFSAR? X No

BASIS:

Currently, a 26 inch and 30 inch pipeline traverse the site along a route just south of the
protected area and the effects of a rupture of that pipeline has been evaluated. The addition of a
42 inch pipeline south of the IPEC property that crosses IPEC property near the GT 2/3 Fuel! Qil
Storage Tank (FOST) and Buchanan substation creates the possibility of a gas pipeline rupture.
Gas pipelines have a low frequency of rupture. The new gas pipeline has been designed with
the latest methodology and a significant portion has been enhanced with additional features
(e.g., deeper burial, thicker pipe, stronger materials, positive means to prevent excavation and
abrasion resistance coating) intended to further reduce the frequency of gas pipeline rupture in
the area of Structures Systems and Components (SSC) important to safety (ITS). The frequency
is sufficiently low that the new gas pipeline will not result in more than a minimal increase in the
frequency of occurrence of an accident (gas pipeline rupture) currently evaluated in the UFSAR.

Result in more than a minimal increase in the likelihood of occurrence of a malfunction [] Yes
of a structure, system, or component important to safety previously evaluated in the X No
UFSAR?

BASIS:

A rupture of the new gas pipeline could be the cause of a malfunction of a SSC previously
evaluated. The new gas pipeline has been routed where a gas pipeline rupture could not cause
malfunction of a safety related SSC or security provisions and therefore there would be no
increase in the likelihood of damage to those SSC. The routing is where a postulated rupture
could cause a malfunction of SSC’s ITS (Switchyard with associated transmission lines, Gas
Turbine 2/3 Fuel Qil Storage Tank (GT 2/3 FOST), and Emergency Operations Facility (EOF)
and meteorological tower) due to proximity. The likelihood of a gas pipeline rupture causing
malfunction of SSC ITS will be minimized by the gas pipeline design and maintenance as well as
the enhancement of a substantial portion of that gas pipeline routed near the SSC ITS. The
increase in likelihood of a gas pipeline rupture affecting the SSCs ITS has been determined to
have a very low frequency. As a resulit, this new pipeline is not considered to result in a more
than minimal increase in the likelihood of occurrence of a malfunction of a SSCs important to
safety previously evaluated in the UFSAR.

Result in more than a minimal increase in the consequences of an accident previously [] Yes
evaluated in the UFSAR? X No
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BASIS:

The rupture of the gas pipeline previously considered in the UFSAR assessed if it could result in
loss of safety related SSCs. This is the rupture of the 26 inch and 30 inch gas pipelines which
were previously evaluated as acceptable during the original Licensing stage, and as during the
performance of the IPEEE as of acceptably fow probability. it was evaluated for an aboveground
rupture as a potential security event and the evaluation concluded the effects were acceptable.
The evaluation of the consequences of these prior ruptures showed there was no damage to
safety related SSCs. The effects of a gas pipeline rupture of the new 42 inch gas pipeline were
evaluated to determine whether the consequences of the previous evaluations were increased.
The evaluation showed there was no damage to safety related SSCs due to gas pipeline rupture
and therefore there is no increase in consequences: The evaluation, performed using
methodologies consistent with the current NRC guidance, looked at the effects on SSC important
to safety as well as safety related SSC. The evaluation shows that, due to the proximity of the
proposed southern route to SSCs ITS, there was a potential for damage. However, it also
showed that the damage frequency was sufficiently low, according to NRC criteria, that it was
acceptable. Additionally, the evaluation of SSCs ITS was not an accident previously considered.
Therefore there is no increase in consequences since the safety related SSCs are not damaged
and the effects of damage to SSCs ITS were not previously evaluated and are acceptable. As a
result, it can be concluded that this activity will not result in a more than minimal increase in the
consequence of previously evaluated accidents.

Result in more than a minimal increase in the consequences of a malfunction of a (] Yes
structure, system, or component important to safety previously evaluated in the X No
UFSAR?

BASIS:

The effects of a rupture in the new 42 inch gas pipeline have been evaluated to determine the
effects on SSCs ITS. The evaluation shows the frequency of a rupture affecting a SSCs ITS
have been reduced to where a rupture will ‘have no more than a minimal increase in the
consequences of malfunction of the SSCs ITS affected. Natural phenomena with a probability
greater than the rupture of the gas pipeline can damage the SSCs ITS that the postulated gas
pipeline rupture can affect. The ability of the plant to safely shutdown and maintain cold
shutdown has been assessed with this damage. There is a minimal increase in the
consequence of a malfunction of the SCCs since a gas pipeline rupture has the lower frequency.
Therefore, this activity will not result in a more than minimal increase in the consequences of a
malfunction of a SSCs important to safety previously evaluated in the UFSAR.

Create a possibility for an accident of a different type than any previously evaluated in [} Yes
the UFSAR? Xl No

BASIS:

The previously considered rupture of the 26 and 30 inch pipelines is considered a similar
accident. A rupture of the new 42 inch gas pipeline has been evaluated and would not result in
damage to a safety related SSC but could result in damage to SSC important to safety -
(Buchanan switchyard, the GT2/3 storage tank, and the EOF / meteorological tower). Loss of
these components could not create the possibility of an accident of a different type than
previously evaluated since their loss has previously been evaluated. There are no other changes
to the plant operations, operating procedures or site activities that could possibly create an
accident of a different type than previously evaluated. As a result, this activity does not create a
possibility for an accident of a different type than previously evaluated in the UFSAR.
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Create a possibility for a malfunction of a structure, system, or component importantto [] Yes
safety with a different result than any previously evaluated in the UFSAR? X No

BASIS:

A rupture of the new 42 inch gas pipeline has been evaluated and would not result in damage to
a safety related SSC but could result in damage to SSCs ITS. The potential for damage could
not result in a malfunction with a different result that any previously considered in the UFSAR
because the potential damage is not different than previously evaluated and there is no damage
to safety related SSC. Rupture of the pipeline is postulated to occur in normal operation since it
is not postulated to occur as a result of a plant accident or natural phenomena. The malfunction
of SSCs ITS that could be affected by the gas pipeline is no different than those previously
considered in the UFSAR. That failure is just a loss of the component since there is no interface
with safety related SSC. Therefore the malfunction of the affected components would not have a
different resuit than the rupture of these components as previously evaluated.

Resuit in a design basis limit for a fission product barrier as described in the UFSAR [] Yes
being exceeded or altered? X No

BASIS:

A rupture of the new 42 inch gas pipeline has been evaluated and would not result in damage to
a safety related SSC and damage to a ITS would not affect the ability to safely shutdown. The
postulated rupture of the new 42” gas pipline has no impact on fission product barriers.
Therefore there will be no fission product barrier design basis limit approached.

Resuit in a departure from a method of evaluation described in the UFSAR used in [ Yes
establishing the design bases or in the safety analyses? B No
BASIS:

This activity installs a new gas pipeline routed south of the IPEC plant and partially on IPEC
property. The UFSAR describes past evaluations of pipeline rupture but does not discuss the
methodology. The new evaluation of the potential for rupture uses methodology consistent with
past evaluations and approved by NRC and evaluates the frequency of rupture using
methodology consistent with the NRC criteria. Therefore, it is concluded there is no departure
from past methodologies used for the plant and does not depart from a method of analysis
contained in the UFSAR.

If any of the above questions is checked “Yes,” obtain NRC approval prior to implementing the change
by initiating a change to the Operating License in accordance with NMM Procedure EN-LI-103.
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Hazards Analysis: Consequences of Postulated Fire and
Explosion Following Release of Natural Gas
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(August 19, 2014).
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Consequences of a Postulated Fire and Explosion Following the
Release of Natural Gas from the Proposed New AIM 42” Pipeline
Taking a Southern Route Near IPEC

1. Overview

As part of the Algonguin Incremental Market Project (AIM Project), Specira Energy (Spectra)
has proposed to install approximately 37.6 miles of new 42" natural gas pipeline. Pant of the
proposed new 42” natural gas pipeline will be routed just south of the Indian Point Energy
Center (IPEC).! Spectra’s existing pipeline system includes 26™ and 30” pipelines which cross
the IPEC property through a 65’ right-of-way on the east side of the Hudson River. Near IPEC,
two routes were considered by Spectra for the new 42" pipeline; a "northern route™ in which the
pipeline would be routed along the current AGT pipeline right-of-way and a “southern route™ in
which the new pipeline is routed further away from IPEC, south of the IPEC security barrier.”

: As a result, the southern route is significantly more distant from IPEC’s main plant systems,
structures and components (SSC) within the Security Owner Controlied Area (SOCA) that are
safety related or important to safety than is the existing gas pipeline right-of-way; at its closest,
the southern route will be approximately 1580 feet from the SOCA.? Spectra has stated that the
southern route is the peeferred (and final selected) route.* Accordingly, this atslysis considers
the risks and potential consequences of a postulated failure of the proposed southem route
pipetine, including a resulting fire andfor explosion, on safety-related and important-to-safety
SS5Cs at IPEC.

2. Summary

A hypothetical mupture of the proposed new 42" natural gas pipeline located along the southem
route can be postalated 1o result in a jet flame or cloud fire or, hypothetically and most unlikely,
in detonation of a vapor cioud, Missile generation might also accompany rupture. Nuclear
Regulotory Commission Guidance for explosions presented in Regulatory Guide 1.91, deems the
risk posed by such events to be acceptable if they do not result in safety-related or important to
safuySSCsbeingﬂpmedmovergmmlhuumcdnlpsithrmnldorif!hepwdiﬂcd
frequency of events is less than [0°/year if conservative assumptions are made or 107 /year if
realistic assumptions are made, Similar criterta can be applied for exposure to thermal radiation
(a heat flux exceeding 12.6 kW/m?, the beat flux at which plastic melts) and missiles (1o be

! Spectra Energy Abbreviated Certificate Application for Public Coavensence and Necessity, Docket CP14-96-000,
dinked February 28, 2014 (Cenificate Application).
:5pﬂ:n1 Energy, Algonquin Incremental Market Project, Resounce Report 10, November 5, 2013.

Table 1.

The Risk Research Group, Inc. 1 August 19, 2014



USCA Case #16-1081  Document #1636984 Filed: 09/21/2016  Page 51 of 278

outside a reasonable strike zone). The analysis of potentially hazardous events precipitated by
pipeline rupture shows the threshold for damage to safety-related or important to safety SSCs
within the SOCA will not be exceeded because of the distance between the SOCA and the new

pipeline.

However, damage to certain SSCs important to safely located outside the SOCA and closer to or
near the proposed southem route has also been considered Lo determine whether the damage
thresholds might be exceeded should the pipeline rupture. These SSCs include the electrical
switchyard with transmission lines, GT2/3 diesel fuel storage tank, the city water tank, the FLEX
building, the Entrgmm; Operations Facility (EOF), the meteorological tower and twa sieam
generator mausoleums.” It is concluded, however, that such damage poses minimal or no
increased risk to safe plant operation as, with iwo exceptions, conservative estimates of the
frequency for hypothetical damage lie below the Iﬂ“fjrear threshold of concern or the SSCs in
question can withstand the postulated damage. The exceptions pertain to damage 1o the
meteorological tower and the Unit 3 steam generator mausoleum. This risk is further evaluated
as required by 10 CFR 50.59 process. It is also concluded that the new pipeline will not
introduce additional risk as a result of terrorism or damage caused by seismic events.

As discussed further below, this analysis takes credit for certain additional pipeline design and
installation enhancements agreed to by Spectra for a substantial portion of the pipeline near
[PEC, including thicker piping, erhanced corrosion resistance, deeper burial depth, and
protective reinforced concrete mats to be located above the buried piping. Such measures
substantially reduce the already-low probability of pipeline failures that could impact SSCs near
the pipeline. For purposes of this analysis, the section of the pipeline with additional design and
installation measores is labeled as “enhanced” and traditional piping is labeled as “unenhanced.”
The enhanced portion of the pipeline is depicted in green on Figure 1. The ierm “unenhanced,”
however, does not imply the piping is vulnerable to failure or damage, as such piping is also of
superior quality and installed in accordance with all applicable regulatory requirements.®

3. Background

Two natural gas transmission pipelines, n 26" and 30" pipeline, owned and operated by Spectra
Energy, curreritly cross the [PEC site along an existing pipeline right-of-way {(comidor), The
patential threats posed by the postulated rupture of Lhese pipelines and the release of natural gas
(essentially methane) from them were originally addressed in the [P3 Licensing process as
discussed in the NRC Safety Evaluation Report of September, 9, 1973 “Two natural gas lines
cross the Hudson River and pass about 640 feet from the Indian Point 3 Containment Structure.
Based on previous NRC staff review, failures of these gas lines will not impair the safe operation

5 The tanker trailer pow stored outside the SOCA will be moved to a location that would not be impacted by the
ratemhl failure of the new pipeline and therefore is not evaluated further in this repon.
See Appendiz B, Exhibils A and B.

The Risk Research Group, Inc. 2 * August 19, 2014
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of Indian Point 3. Failure was subsequently oddressed in the Individual Plant Evaluation for
Extemal Events ([PEEE) issued in 1997 [1). Hypothetical consequences that might ensue
following a major release of natural gas were described in the IPEEE, but it was concluded that

no major risk was posed because the predicted frequency of major release events was below a
10%/year threshold of concern.

Subsequently, a question’ was raised regarding the potential impacts from a pipeline rupture near
IPEC as a result of intentional and malicious activity and, therefore, it was decided to re-evaluate
ﬂmmmdnmﬂgnmhuaﬁmmemiﬁ"mdwmmﬂmlmedm
exposed portions of the pipeline.® A study performed for Entergy in 2008 [2], which included
jet fire, vapor cloud fire, and vapar cloud explosion scenarios from assumed failures of one or
both of the existing pipelines, concluded that “the rupture of the natural gas pipelines that cross
the IPEC (site) and subsequent ignition of the methane released will result in a jet fire and injury
ot death to any people exposed to flames or intense thermal radiation. It will not, however,
damage any safety related structure. Even in the unlikely event of a hypothetical vapor clond
explosion, structural damage to buildings other than the waterfront warehouse adjacent to the
pipelines willnot occur. A flammable vapor cloud fire that engulfs the plant is improbable
because the turbulent momentum with which the methane exits the pipeline will only confine
flammable methane concentrations close to the point of release.” The NRC reviewed and
dispesitioned the request for information with that analysis.

in response to the proposed construction of a new 42" pipeline along the soutbemn route, this
cvaluation of the potential impacts on safety related end important-to-safety SSCs that might be
posed by this new gas pipeline has been prepared. It reflects advances in the understanding of
the consequences of the release and ignition of flammable gases and current regulatory guidance
regarding such events proviided by the US Nuclear Regulatory Commission [3). The potential
impacts of natural gas releases and their subsequent ignition on SSCs important to safety but
located away from the SOCA—-the switchyard, the meteorological tower, the city water tack, the
GT2/3 diesel fuel storage tank, the FLEX building, the Emergency Operations Facility (EOF)
and the P2 and TP3 steam generator mausoleums are also examined. The closest distances of
ﬂmmmmwmﬂmmmﬁmmMMTﬁle I below.® These
SSCs perform the following functions:

o Electricsl Switchyard: Puwertnumsneupmwdndﬁmnunﬂuchmnmmhﬂrdhy
138--kV feeders and two underground 13.8-kV feeders. Electrical power generated by

'NRC Request for Information RI-2008-A-021 levter dased March 12, 2008, Entergy's response waa provided in a
letter dated Scptember 30, 2008, ENOC-0380-00046.

P NRC RG 191, Eﬂmufﬂ:phsmﬂﬁludbﬂumnﬂﬂwmmwﬂummm
Near Nuclear Power Planta, does not mentiom or require considerstion of terrorist action as inftisting events.
MNevertheless, in response ta NRC's questions, Entergy conservatively assumed sach sctions coukd resull in pipe
faﬂnhulnﬂrﬁmhmhmmmahumm

* Distances obeained using Google Eanh,

The Risk Research Group, Inc. 3 August 19, 2014
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the site is raised to 345 k'V and delivered to the Buchanan switchyard for distribution.
While no safety classification has been assigned to the switchyard, it is credited as a
preferred source of power and so it is considered important to safety and is included in
the technical specifications (TS).

¢ Meteorological Tower: The meteorological tower provides weather information such as
wind speed and direction to the EOF and the control room. This structure is considered
imporiant fo safety. There is a backup metearological tower and weather forecasting
services are also provided by the NOAA in case of tower unavailability.

¢ City Water Tank: The city water tank provides the backup water supply for the [P2 and
IP3 suxiliory feadwater systems. It also serves as a backup for other SSCs including the
P2 Appendix R/station blackout A/C source. The tank was designed and evaluated as
non-safety but is identified ns important 1o safery for its fumctions and is included in the
TS.

¢ GT 2/3 Diesel Fuel Storage Tank: The diesel fuel oil tank provides a backup fuel oil
supply for the P2 and [P3 diesel generators and its fuel oil can also be used by the [P2
and IP3 Appendix R / station blackout (SBO) diesels. The plant requires a sufficient
supply of fuel oil to run the diesels for 7 days. This tank is required by the Technical
Specifications. It is designed to industry standards but is considered important to safety
because of its function.

* The FLEX Storage Bullding: This building will store the FLEXible strategy equipment
for 2 Beyond Design Basis Accident, as required by NRC's post-Fukushima action items.
The building is not safety related.

» The Emergency Operations Facility (EOF): This facility provides a response center
for part of the Emergency Response Team. There are several other facilities used
simultancously by the Emergency Response Organization. A backup for this facility is
located off-site.

e Steam Geserator Mausoleums: The unit 2 and J steam generator mausoleums are
robust concrete structures used o house the original steam generators,

The Risk Research Group, Inc. 4 August 19, 2014
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Table 1
Closest Distances of SSC’s [rom Proposed Pipeline Relative to the Southern Route
Item Closest distance Closest distance Claosest distance
from proposed from proposed from transitions
southern route southern route between the
where underground | where above ground | enhanced and un-
* (Figure 1) (Figure 2) enhanced pipeline of
the proposed
southern route
(Figure 3)
SOCA 1580 ft (482 m) [ 1580 f1 (482 m)
Switchyard 115 (35 m) 1266 ft (386 m)
GT2/3 diesel fuel 105 it {32 m) 1266 ft (3186 m)
storage tank
City water tank 1336 it (407 m) H\WF‘__
Meteorological tower 551 ft (168 m)
The FLEX Building 1033 ft (315 m) 1162 fi (354 m)
The Emergency 1002 ft (305 m) it
Operations Facility
(EOF)
Unit 2 steam 1440 ft (439 m)
penerator mausolenm
Unit 3 steam 477 ft (145 m)

generator mausclenm

4. The Proposed Pipeline

The proposed new pipeline will be 42” in diameter with a normal operating pressure of 750 psig
and a maximum operating pressure of 850 psig. The southem route has been selected by
Spectra as the preferred route for this pipeline. and therefore this is the route that this analysis is
based on. The route is shown in Figures 1, 2 and 3 together with the distances presented in

Table 1.

The Risk Research Group, Inc. 5

August 19, 2014
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Figure 2
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e ary

The proposed 42" pipeline will be of state of the art construction, with a ~ 3935 [t (1199 m)
scgment near [PEC enhanced with additional design and installation features, This segment is
shown in Figures | to 3; the additional design and installation features are detailed in Appendix
B—Analysis of the Causes of and Determinaion of Exposure Rates for a Failure of the Proposed
42" AIM Natural Gas Pipeline near [PEC—and Exhibits A, B and C to that appendix.

[n addition, consistient with DOT guidelines and requirements, the pipelines wil] be periodically
inspected intemnally for flaws and reduced wall thickness using smarnt pigs. Aerial, vehicular and
walking surveys of the pipeline routes are also made to detect gas leaks (often revealed by dead
vegetation) and possible threats to pipeline integrity. As the portions of the pipeline closest o
IPEC will be buried in wide, clear and well-marked rights of way. these portions of the proposed
pipeline are unlikely to be damaged by carcless construction or excavation, Most leakage in gas
pipelines results from small pinholes and significant losses of gas do not occur unless induced
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stresses coause a larger hole or rupture of the pipeline before it is repaired [4). But in the unlikely
event of a pipeline failure, o large break in the line would result in a remote (Houston, Texas)
low pressure alarm and subsequent pushbutton isclation of the section of broken pipe—the
section of pipe between isolation valves near [PEC is about 3 miles long. Detsils of the
maintenance and inspection program are &lso presented in Appendix B, Exhibit B.

5. Properties of Natural Gas

Methane, the primary component in natural gas, has the following hazard-related properties [5, 6,

7.
Table 2
Hazard-Relsted Properties of Methane
Property Value
Boiling point -161.5°C
Flash point -22°C
Lower flammable limit * 53%
Upper flammable limit 15%
| Auto-ignition temperature 650°C
Laminar burning velocity 0.448 m/s
Initiation energy for immediate detonation 9.0% 107 mi™"
Toxic properties Simpie asphyxiant
Heat of combustion 50,030 kifkg

These properties demonstrate that methane is a buoyant (lighter than air) gas of low fuel
reactivity [8].

6. Risks Posed By Natural Gas Releases

The rupture of a natural gas pipeline will result in the release of methane gas at high pressure as
a turbulent jet with choked flow, Should this jet or the flammable vapor cloud ignite at some
point, a number of consequences might ensue:

*  Ajetfire
s A cloud (or flash) fire or a fireball should ignition be delayed.

% Detonatton limits are nammower than flammable limics [6].
"' The comesponding value for 8 propane-air mixture is4.1 3 10° m)
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* Vapor cloud explosions resulting from the deflagration or detonation of the methane-air
cloud

+ Missile generation—in addition to fires and explosion, the rupture of a pipeline might be
accompanied by missile generation with fragments of the pipeline being thrown
considerable distances

Pipeline rupture might result from accidents or random or seismic-induced failure of the pipeline.
All these types of causes are evaluated and discussed below. It should be noted that ignition
does not reqﬁmapu—exuﬂngmbmmnghtmdt&mnspuhmteduqmdmﬂ
pieces or rocks rub together.

Jet Fire (6, 9]

A jet fire is a turbulent diffusion flame resulting from the combustion of a fuel. Jet fires have no
“inectia"—they reach full intensity immediately afier ignition and will change with the fuel's
release rate. The risk posed by jet fires arise because of the high beat fluxes incident on exposed
personne! or equipment. Should the gas jet impinge upon the side of the crater formed in the
ground, some of the momentum in the escaping gas will dissipate and the jet will be directed
upward, thereby producing a fire with a horizontal profile that is generally wider and shorter than
would be the case for an unobstructed vertical jet [10).

Cloud Fires and Fireballs |6, 9]

A cloud or flash fire is a transient fire resulting from the ignition of a cloud of flammable gas
without significant flame acceleration as a result of turbulence. No significant overpressures
result from a cloud fire and, because the fire generally lusts for less than a minute, the integrity of
structures engulfed in or exposed to cloud fires will not be challenged Personnel engulfed in
such a fire may suffer severe bumns, however. Within the gas cloud, large scale eddies might
carry flammable gas away from the bulk of the cloud. Consequently, local pockets of fire are
possible. Typically in a cloud fire, the flame will bumn its way back to the source—shouid the
source be a ruptured gas pipeline, a jet fire will ensue. It shouid also be noted that “for gas
pipelines, the possibility of a significant flash fire resulting from delayed remote ignition is
extremely low due to the buoyant nature of the vapor, which generally precludes the formation of
a persistent flammable vapor cloud at ground level™ [10]. Therefore, the depiction of the
methane cloud traversing the [PEC site is therefore conservative and not a real possibility here.

A fireball results from the rapid wrbulent combustion of fuel as an expanding, radiant ball of
flame. Normally, however, it results from the release of a pressurized liquid rather than the
release of compressed gas and so it will not be considered further here (L1].
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Vapor Clond Explosion [6, 9]
There are three pre-conditions for a vapor cloud explosion [6]:

¢ There must be a release of flammable material into a congesied area or area of high
turbulence.

e Ignition must be delayed to allow the farmation of an ignitable mixture with the fuel-air
concentration in the flammable range

¢ There must be an ignition source of sufficient energy to iganite the frel-air mixture.

Vapor cloud explosions can occur as a result of deflagrations or detonations. In 2 deflagration,
the flame propagates through the unbumed methane-air mixture at 2 buming velocity that is less
than the speed of sound. Overpressures generated in such an explosion will vary with the
combustion rate, Given the low flame speed of methane, minimal overpressures are expected
with deflagrations of methane and gir—it has been concluded that “a deflagration traveling
through unenclosed gas cloud will result in negligible overpressures” [11]. A deflagration can be
initiated by a weak energy source.

in a detonation, the methane-air reaction front propagates as o shockwave that compresses the
unburned gas-air mixture so that temperatures in the cells of the mixture exceed the auto-ignition
temperature. The shockwave is therefore maintained by the combustion reaction that follows it.

A detonation can be achieved with 2 high energy ignition source or by flame acceleration within
2 highly congested area or a high momentum (jet) release. However, becouse of methane’s low
reactivity, & detonatlon within a methane—air clovd will not persist outside the congested or
turbulent area [12]. This would suggest that for a gas pipeline that traverses near [PEC, a
detonation will not draw upon methane outside the jet or the areas of congestion provided by
trees adjacent to the right of way. With respect to congestion, tests performed on natural gas
have shown that a high degree of congestion is required to obtain high flame speeds and
overpressures with natural gas [13]; other experiments failed 10 initiate an explosion of natural
gas and methane mixtures wilh air in a semi-open space even when expiosive was used as an
ignition source [14]. Thus the consensus mmgstexpnu is that methane gas will oot give rise
to vapor cloud explosions unless confined {8, [5, 16™]. That said, various reports and studies
prepared following the 2005 Buncefield explosion suggest that belis of trees provide sufficient
congestion 1o facilitate flame accelerntion that might lead to detonation [17-19]). Flame
acceleration is particularly likely where thick undergrowth and deciduous trees prevail.

" FM Gilobal ( 16] states that “the following materials do not presert a significant or credible outdoor (Vapor Cloud
Explosion) exposure. ... methane. ..."
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With respect to ignition in the jet, field evidence suggests that intense mrhul:n.t mixing and air
entrainment would limit the area in which any gas cloud would be flamriable within a horizontal
distance o@: bf the rupture |3).

Missiles

The rupture or bursting of a gas pipeline might also result in large fragments being thrown a
considerable distance—Lees [8] describes a 1965 incident in Natchitoches, La, in which a high
pressure gas pipeline ruptured, spliving the pipe along a 256-ft (8m) lengih. In the subsequent
blowout, Lhree pieces of metal weighing % ton in all were thrown 130-360 ft-(40 - | 10m) from
the point of rupture. Similarly, s PHMSA order issued following a 2/2/2003 incident in linois
{(PHMSA 3-2003-1002-H) briefly notes that pipeline fragments had been thrown as far as 900 fi
(274 m). " A lesser distance was recorded-in an NTSB report (PAR-95-01) for a pipeline
rupture in New Jersey in which fragments of the ruptured pipeline were thrown 244 m (800 f)
Given this experience—274 m (900 f) is the greatest distance noted in the literature for
fragments of the pipeline to be thrown after rupture—and the greater distance of the proposed
southern route to main plant systems and structures in the SOCA (~ 1580 ft or 482 m from the
SOCA), missiles from a rupture or burst of the southem route pipeline will not endanger SSCs
inside the SOCA. In addition, with respect to these fragments, we would note that Section 16.2.1
of the [P3 FSAR [20] states that Class I buildings and structures at [P3 are designed for tomado
loadings calculated assuming the simultaneous application of a tnngenﬂal wind velocity of 300
mph, a translational velocity of 60 mph, a pressure change (drop or increase) of 3 psi in 3 sec.,
and postulated tornado missiles with potential missiles including a 4000-1b automobile.
Accordingly, we would conclude that the impact of pipe fragments on safety related systems,
structures and components at [P3, the unit closest to the pipeline, is bounded by the scedarios
considered in the FSAR. Potential impacts of missiles on the SSCs important to safety outside
the SOCA and closer to the southern route are discussed below.

The release of gas m high pressure will of course also blow off any soil or fill cover above the
pipeline and scour away earth from around the pipeline creating a crater.- But such action will
not harm S8Cs within the SOCA or near the southern route pipeline.

7. Regulatory Guidance

The US Muclear Regulatory Commission has issued Regulatory Guide 1.91 [3] that provides
guidance for the evaluation of potentisl explosions near nuclear power plasts; other potential but
lesser hazards such as jet fires were not addmssed. however.

2 gt will be noled this distance is less than the separation between the proposed pipeline and systems, struchures and
components imporan! to safety in the 3OCA. |
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Regulatory Guide 1.91 concema jtself with blost damage to nuclear power plant structures
occasioned by “incident or reflected pressure (overpressure), dynamic (drag) preasure, blast-
induced ground motion and blast-generated missiles™. Of these the primary concem is with
overpressure. The guide states that Geperal Design Criteria for nuclear power plants would be
satisfied with respect 1o potential nearby hazards and explosions if:

¢ The distance berween critical plant structures and source of the blast is sufficient to avoid any
impact from an explosion—if the distances between the explosion and systemas, structures
and components important to safety are such that no system, structurs or component
mpmimmufetywmddbcupundmamvdydwnmmedpumwpﬂkmﬂdmt
overpressure in excess of 1 psi,

The regulatory guide then goes on to state that if the explosion is closer to systems, structures
and components importast to safety than this minimum safe distance, then the risk of damage
caused by an explosion is acceptably low if:

. mupnmmcfmmhmdmhlu:mmhwﬁgudmwmm
used in the analysis or 1 x (07/year if realistic assumptions are used.

Or

» The systems, structures and components important (0 safety can be demonstrated by analysis
to be copable of withstanding the blast and missile effects associated with the explosion.

Looking specifically at explosions that might occur following releases of natural gas from a
pipeline, the Guide states that “plume modeling based on site lopography and :
conditions should be evaluated™. The reference for such modeling, NUREG CR/6410 [21),
makes explicit mention of the TNT equivalence method for vapor cloud explosion blast
modeling. In discussing the atmospheric dispersion models, NUREG CR/64 10 characterizes
ALOHA as being "most useful for estimating chemical plume extent and concentration for short-
duration chemical accidents™™.

8. Software and Models

* NUREG/CR-64 10 [21—Section D.6.5.1] noies 2 sumber of limitations 1 the ALOHA model. Of thess, the only
limitstion pertinent 10 modeling the release of methane is thar ALOHA does not comsider ground topography in the
area affecied by the plume. But the same limitation Is present im AFTOX, the dispersion model used within

BREEZE Incident Amalyst It should be noted that the terrain sear the switchysrd and GR2/3 diesel foel oil tank i

relatively flat,
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The consequences of the release scenarios described previously are predicted using the models
contained within ALOHA 5.4.4 and BREEZE Incident Analyst 1.2 software.

ALOHA is a program designed to model chemical releases. [t determines chemical release rates
and generates a variety of scenario-specific outputs including threat zones for jet fires, vapor
cloud explosions and exposure to flammable gases. ALOHA was developed by the US
Environmental Protection Agency (EPA) and the US Depnntment of Commerce, National
Oceanic and Atmospheric Administration (NOAA). It was used here to model jet flames and
vapor cloud dispersion but not vapor cloud explosions. The model in ALOHA was not used for
vapor cloud explosions because the Regultatory Guide [3] explicitly deems a TNT equivalency
method to be an acceptable method for establishing the distances beyond which no adverse effect
of an explosion would be seen and because of the excessive conservatism in the assumption
made in ALOHA that the entire flammable contents of a buoyant plume of methane will be
involved in an explosion. This contradicts the evidence that defonation will involve much
smaller masses of methane—the mass in a turbulent jet or lying in the wooded areas to the north
and south of the gas pipeline right of way. Furthermare the assumption by ALOHA of

BRI

ERTr ] 1he basis for the models used in ALOHA and quality assurance I
performed on this software are described in a report issued by the NOAA, EPA and DOT [23].

BREEZE Incident Analyst comprises a user-friendly implementation of other models widety
used 1o characterize chemical release scenarios. The models of concern here are The Gas
Research Institute for jet flames. AFTOX for vapor cloud dispersion and the US Army TNT
Equivalence model for vapor clowd explosions.

The models within ALOHA 5.4.4 and BREEZE Incident Analyst |.2 software used to
characterize the anticipated and hypothetical consequences of the release of natural gas from the
proposed pipeline crossing near the IPEC site are listed in Table 3. The basis for the selection of
these models is also presented in Table 3. Where two models were used to characterize the same
scenario, the results can be compared to provide a measure of renssurance as to their validiry.
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Table 3
Models Used

Model

Basis for

Jet flame

BREEZE: Gas Research
Instinute (assuming a vertical
et)

This model addresses fires that may
result from the leak or rupture of a
a

ALOHA

pipeline
This feature of ALOHA was developed
and tested by US regulatory agencies.

Cloud dispersion
{extent of

BREEZE: AFTOX—(US) Air
Force Toxics Model for
llutrlﬂ:f,hmrll vapor cloud
releases

AFTOX was included in the
comprehensive model evalustion
exercise reported by Hanna et al. [24).
Since AFTOX does not treat the
dispersion of denser-than-air gases, the
model was mainly evaluated using field
experiments where the releases were
neutyally buoyant. In general, AFTOX
over-predicted the observed
concentrations by a small amount.

ALOHA

Looking specifically at explosions that
might occur following releases of

natural gas from a pipeline, Regulatory
Guide 1.91 states that “plume modeling
based on site

mmmmm 21}
characterizes ALOHA as being “most
useful for estimating chemical plume
extent and concentration for short-
duration chemical accidents” in

discussing the atmospheric dispersion
models

Vapor cloud

BREEZE: US Army TNT
Equivalence model

This model comprises the
impiementation of equations ! t0 4
presented in Regulatory Guide 1.91 (3].
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9. Possible Releases and Their Consequences

While we exclude no cause of release from this evaluation, and in particular we will allow for
delayed ignition in the event of a large release, pipeline ruptures and the releases considered are
presumed to occur at or from the natural gas pipeline at points nearest to the SOCA, the
switchyard, the GT2/3 fuel storage tank, the cily water tank, the FLEX building, the Emergency
Operations Facility, meteorological tower and the steam generator mausoleums.

The following scenarios will be considered:

* A jetfire

A vapor cloud (or flash) fire

A hypothetical vapor cloud explosion involving detonation
* Missile generation.

Releases will be assumed to result from the guillotine rupture of a pipeline, the creation of a 6™
diameter hole in a pipeline or the rupture of a 2" line that branches off the pipeline. It should be
noted that the proposed 42" pipeline will have no outlets, taps, branches, fittings, drips or tees
near IPEC and therefore the lesser releases are presented solely for comparison purposes. In
modeling releases and their consequences, we assume that the contents of a 3 mile length of gas
pipeline are released at 2 pressure of 850psig (the MAOP of the 42" pipeline), that valves
isoiating this length of pipeline will be closed within 3 minutes of a mejor release'® and that the
interior of this pipeline is smooth'’. The guillotine rupture of the pipeline is assumed to result in
a double-ended release of natural gas fed with full-bore flow from both sides of the rupture with
the resulting releases merging. This assumption is conservative in that it ignores lesser ruptures

and the impact that flows from either side of the rupture will have on ea uch
n release, we assume the release is equivalent to that from a pipeline[™"

["f’;' The wind speed
and air stabilily assumed aré the 1.5 m/s wind speed and F-class stability proposed for worst case

'* After valve closure, full bore relcase from the pipetine will persist for another 2 © 3 minutes. The release
following guillotive rupeure will therefore be ~ 5 10 6 minuses duragior
" The release rate is higher if the interior of the pipeline is smooth """ of
the 427 pipeline},
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RELATED INFOHMATION - WITHAOLD UNDER 10 CFR 239

consequences in the EPA Risk Management Guidance [22]. Alternative results were obtained
using the 3 m/s wind speed and D-class mh:hly proposed by the EPA. These latter
meteorological conditions are more common'?, Missile generation will be assumed to
accompany rupture some of the time.

Jet Fires

Immediate ignition of the release, possibly caused by sparks created as gjected metal pieces or
rocks rubbing together, will result in a jet fire anchored on the pipeline with a flame that might
risefthiir | delayed ignition will often result in a vapor cloud fire that burns
back to the pipeline and ends up as a jet fire. The consequences of thermal radiation at various
intensitics are presented in Table 4; the thermal consequences of jet fires following specific
releases are presented in Table 5. In general, the threshold for damage caused by jet flames and
thesmal radiation is 12.6 KW/m’, the heat flux at which exposed plastic melts and damage to
instrumentation and electrical equipment can b:ﬁw.lgnﬂmd._EﬂLdnuﬂgc to concreie buildings,
however, the threshold heat flux is much higher. The jet flame created by
ignition of a double-sided Full bore release of natural gas following the guillotine rupture of the
42" pipeline will result in a thermal flux of 12.6 kW/m2 at a distance of 386 m (1266 ft) from the
point of rupture making use of the largest distance calculated for this flux—the distance
calculated using ALOHA..

From these resulis we can conclude that in the event of a jet fire involving the guillotine rapture
of the proposed natural gas pipeline in proximity to the SOCA, personiel across the plant site
close to the point of rupture who are unable to quickly take sheiter will be injured and might die.
However, the levels of thermal radiation seen following the guillotine rupture of the 42 pipeline
will neither cause plastics to melt nor cause the spontanecus ignition of woad within the

SOCA'". Similarly, a lesser release through & 6 diameter hole in the pipeline or from the
assumed guillotine rupture of a hypothetical 2" line that branches off a larger pipeline will only
expose personnel outdoors and near the point of ruptusre to possible injury or death, There will
be no damage to equipment within the SQCA.

Considering next possible damage to the meteorological tower, the GT2/3 diesel fuel storage
tank, the city water tank, the FLEX building, the EQOF, the steam generator mausoleums and
switchyard, all located outside the SOCA, as a result of the nipture of a pipeline and jet fire at
the closest points to these items, damage is assumed to occur as noted in Table 6. This damage
might result from engulfment in flames (e.g., in the event of a jet fire initiated on a pipeline on

** For example, af night between the hours of 9 pm and 6 am at Westchester County Airpart, atmospheric condilions
with a wind speed of ~ 3 mvs and D air sability are twice as common s those with o wind speed of 1.5 m/s and F
srahihtjr Furthermaore, F stebility will not be encountered in the daytime while T will.

? Furthermoge, we would nole that no such exposed equipment exists in SOCA—most equipment lies indoors
behind concreie walis and the transformers would be sbaded from this thermal radiation.
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the proposed southem route directly impinging on the GT2/3 fuel tank) and intense thermal
radistion that might damage equipment and, for the fuel tank, cause a tank vent fire. Without
accounting for the very low probability of such evens, pipeline ruptures on the proposed
southem route could introduce additional risk to equipment localed away from the SOCA. This
additional risk is, however, minimal as:

No damage to the city water tank is anticipated should the pipeline rupture and 2 jet fire
ensue due to the substantial distance between the tank and closest point of the proposed
pipeline of 1,336 fect (407 m). Similarly, no damage to the FLEX building or the Unit 2
steam generator mausoleum is anticipated as a result of thermal radiation as the distance
between Lhe pipeline and these SSCs is too great.

Damage to the switchyard may occur from a jet fire caused by a guillotine rupture of the 42"
pipeline at l.h: point closest to the switchyard and assuming the jet fire is directed toward the
swnchyard. However, both IP2 and IP3 have three emergency diesel generators (with
sufficient diesel Fuel stored on-site for these generators to run at feast 2 days) and an
Appendix Ristation blackout diese] generator with additional fuel to mitigate the loss of
offsite power. Therefore there will be more than two days to obtain additional fuel should
both the switchyard and GT2/3 fuel wank be unavailable, However, a jet fire close to the
switchyard might cause simultaneous damage to both the switchyard and GT2/3 diesel fuei
stornge tank, but as discussed Further below, the probability of such an event involving the
enhanced pipeline is below NRC's threshold for further consideration..

Damage to the meteorological tower may also occur from a jet fire caused by a guillotine
rupture of the 42" p:pelme & the point closest to the switchyard and assuming the jet fice is
directed toward the tower.2' The potential consequences of damage to the meteorological -
tower, however, can be mitigated as the data it provides can be obtained from other sources,
including a backup meteorological tower and weather forecasting services such as those
provided by the NOAA.

As the S8C impontant to safety closest to the proposed southem route, damage to the GT 213
fuel tank may occur from either a guillotine rupture of the 42 pipeline or from a leak
through a 6" hole. The consequences of damage to the GT2/3 fuel tank, however, can be

mitigated by the availability of allermative sources of diesel fuel should the on-site reserve

diesel fuel tanks be unavailable./

{BNTRT]

{ Also, as discussed above, the

likelihood of & failure of the enhanced pipeline that could cause such damage is below
NRC's 10%year threshold of concem.
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Damage to extemsl mslrummmmu%nigm occur as a resuft of exposure to a heat flux
of 12.6 kW/m? or more subsequent to pipeline rupture and the creation of a jet flame. Building

damage to the Unit 3 steam genﬁﬂtor storage mausoleum might also occur as a result of heat
fluxes in excess of 31.5 kW/m’. Such damage, however is unlikely to be of consequence given
the robust design of the structure.

Finally, we note that a jet fire originating from a ruptured above-ground portion of the pipeline
east of the SOCA, where the new 42" pipeline will connect to the existing right of way. will not
cause damage to SSCs within the SOCA, the meteorological tower, the GT2/3 fuel tank, the city
water tank, the FLEX building, the EOF or switchyard because of the distance between this
above-ground portion of the pipeline and the other objects (Figure 2, Table 7).

[n summary, as S5Cs important to safety might be 2xposed to thermal radiation in excess of a
relevant threshold subsequent to pipeline rupture and ignition of the release, general potential
exposure rates for damage need to be determined.

Table 4
Consequences of Exposure to Thermal Radiation [8]
Thermal Radiation Consequence
(kW/m®)
2 Pain within 60 5
5 Tolerable to escaping personnel
] Fatal after exposure for several minutes
10 Potentially fatal in 60 s
12.6 Plastic melts, piloted ignition of wood™
25 Non-piloted ignition of wood
315 Building damage [29]
35 Equipment damage

‘“Pl.iutmli:nilhnisdﬁcﬁnndnshnppeuam:nfnﬂamallh:mfmahmmﬁllnhlchhubmuwudm
external beating with an ignition source present in the volatile siream created as (e materiol & heated [25].
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Table 5

Consequences of Jet Fire Scenarios

Scenario Consequences—Distances at which Level of Radiation Seen

1=

The Risk Research Group, Inc.
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Table §

Potential Damage at Closest Distances from Proposed Pipeline in the Event of Pipeline
Rupture and a Jet Fire

kB WE

Table 7

A Comparison of Distances from Above-Ground Portions of the Proposed Pipeline and the
Impact Distance to a heat flux of 12.6 kW/m®

ATEREE
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Cloud Fire

A cloud fire is anticipated should a methane release ignite after a delay. This may involve the
contents of the tuthulent jet, and, especially for jets that are not vertical or for ruptures of smajler
diameters, the contents of a vapor cloud that is dispersed as a buoyant plume once momentum
effects dissipate (typically after ~ 10 s), noting that the turbulent momentum with which the
methane exits the pipe line will result in low methane concentrations close to the point of release,

The discharge rate in a release occasioned by a guillotine rupture of a pipeline will fall rapidly;
lesser releases will persist for longer times. Regandless, given the appropeiate wind direction and
speed and air stability, a flammable gas cloud might raverse the IPEC site after the rupture of
the pipeline. However, the buoyant nature of methane generally precludes the formation of a
persistent flammabie vapor cloud at ground level [10] and thus the likelihood of people or
equipment being engulfed in a flammable cloud of methane at some distance from the release is
remote,

With delayed ignition, a vapor cloud fire and the scorching and depletion of oxygen would ensue
within those portions of the cloud where the methane concentration exceeds the lower flammable
limit noting that because of the possibility that flammable pocicets of methane might lie outside
the main cloud, the vulnerable arca is typically placed within a contour representing 60 % of the
lower flammable limit for methane., While such a fire might lead to injury and death 1o exposed
personnel and local fires, it would not damage equipmient or structures—a vapor cloud fire will
be of short duration (“a few tens of seconds™) and thus “the total radintion intercepted by an
object near a flash fire is substantially lower than from ... a jet fire™ (p 79, [6]). Again the
conservatism of this charscterization of the consequences of a cloud fire needs be stressed. Thus
while this cloud could ravel very considersble distances depending upon the wind specd and air
stability at the time of release (Table 8), the buoyant nature of methane generally precludes the
formation of a persistent flammable vapor cloud at ground level let alone one that would travel
downhill to the SOCA,
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Table 8
Consequences of Cloud Fires

L‘DH?:I I}

Vapaor Cloud Explosions

As noted above, it is not likely that any release of methane from a natural gas pipeline will result
in a vapor cloud explosion and that, should this occur, it will entail a deflagration with low
resuiting overpressures rather than a detonation. A detonation is hypothetically possible,
however, in the trbulent methane jet entrained with air and within the belts of trees adjascent to a

right of way associnted with the southem route for the ed 42" pipeline. In both cases, a
detonation might occur as a result of ™ " 7

detonation is alse possible if ignition is caused by a high energy source. [n neither case though

would the detonstion persist beyond the congested or turbulent area. In calculating the

consequences of a hypothetical detonation within the turbulent jet, 7' |
it in calculating the consequences of a hypathetical

= sume the detonation to be centered about the middie of

that wooded area in which a flammable concentration of methane might be found.

* Baged on an sverage relesss ran:nﬁﬁ:::: This rate comprises the relesse of
muﬁmmhuﬂ m i) ] in the next f'wa minutes (accounting for the
piesgure drop) after valve clogure, This ndditional 3 minuces after the walves are
closed (from AL '
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In evaluating vapor cloud explosions, the critical distances are:

¢ The shonest distance from the 42" pipeline (the assumed center of an explosion in the
wrbulent jet) o 2 system, siructure or component important tosafety in the SOCA (the
Primary Water Storege Tonk or PWST) isfw@7 | The shornest distance to the
SOCA is ~ 482 m (1580 f).

» For the 42" pipeline on the southem route, the shortest distance from the mid-point of an
explosion initiated in trees 1o the northeast of the right of way to a system, structure or
componen! important to safety (the PWST) isfp@  Jfor large releases.

¢ The other distances from the 42" pipeline to the safety-related or important to safety
55Cs of concemn are presented in Table 1,

Vapor cloud explosions were modeled using US Army TNT equivalent explosion model as
implemented within BREEZE Incident Analyst. The minimum safe distances beyond which the
overpressure will not exceed 1 psi were also calculated using equation (1) in the Regulatory
Guide [3[**. The mass of flammable material potentially involved in an explosion is estimated
using an approach suggested by both the FM Data Sheets 7-42 [16] and Woodward [26] as
directed by the Regulatory Guide. Essentially this leads to two types of explosion for each
release—an explosion involving the mass of methane between the upper and lower flamsmable
limits in the turbulent methane jet created by a rupture of the pipeline and explosions involving a
“volume with sufficient confinement or congestion te create flame acceleration” [16] such as that
created in the belts of trees ndjacent to the proposed pipeline right-of-way. The calculation of
the mass of methane that might contribute to an explosion is described in footnotes to Table 10
and Appendix A; the masses are also presented in Appendix A. In applying the TNT
equivalency models, a yield F"""_Jis assumed as suggested in Table 1 of the Regulatory Guide.
A comparison of the minimum safe distances calcuialed using equation (1) in the Reguletory
Guide and the implementation of the US Army TNT equivalency model in Breeze Incidert
Analyst shows small bul consistent discrepancies. These are the result of a higher energy of
explosion being assumed for TNT in the latter. It should be noted that while portions of the
route proposed for the new 42" pipeline are now covered in trees, once built the pipeline will lic
in a clear-cut 100-ft wide corridor. No trees or other congestion that might facilitate detonation
of a natural gas release will therefore lie in immediate praximity to the proposed pipeline. Thus
the assumption of explosions arising in belts of ees is conservative.

The consequences of these overpressures are described in Tables 9 and 10; plots of the
overpressure that might be experienced following the guillotine rupture of the proposed 4 "
pipeline taking the southem route are presented in Figures 4 ond 5.

¥ The overpressures are calculaled asssming a surface explosion rather thas a free air explosion. This results in
slightly higher overpressures being predicted.

T R ATED MR
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« Figure 4 depicts the consequences of a hypothetical vapor cloud explosion initiated in the
belt of trees to the northeast of the 42™ gas pipeline taking the southemn route. The epicenter
of the explosion is placed in the middle of the belt of trees adjacent to the pipeline in which a
flammmable concentration of methane might persist should this be allowed by the wind and
release directions and speeds.

» Figure 5 depicts the consequences of a hypothetical vapor cloud explosion initiated in the
turbulent jet of methane following the guillotine rupture of the 42" gas pipeline taking the
southern route. The epicenter of the explosion is placed on the pipeline at is closest point to
a system, structure or component imporiant to safety in the SOCA.

In all cases, the predictions were made using the US Army TNT equivalence model within
Breeze Incident Analysis software, The sizes of the wooded areas and thus the volumes of
natural gas thot might be caught within them and the calculated masses of natural gas involved in
a hypothetical detonation are presented in Appendix A.

The results presented in Table 10 show that no hypothetical detonation following the guitlotine
rupture of the pipeline will result in overpressures exceeding 1 psi at a system, structure or

" component important to safety within the SOCA. Similarly, no overpressures in excess of 1 psi
are seen by systems, structures and components important to safety located away from the SOCA
as a result of the raprure of |7 |of the pipeline. However, as
overpressures in excess of | psi could be seen by certain systems, structures angd components
important to safety located away from the SOCA, as a resuit off™"™" |
S and a subsequent detonation®®, exposure Tales Tor such damage needs to
be determined. This 15 documented in Appendix B.

Table 9
Consequences of Exposure to Overpressures [6, 8, 27]
Overpressure Consequence
1 psi (ilass shatters
2-6psi Serious structural damage to houses
6 -9 psi Severe damage to reinforced concrele structures
10 psi Destruction of buildings

* In evaluating releases from the pipeline at points close to important 1o safety SSCs outside the SOCA., it was
concluded that as, following guillotine ruplure of the pipeline, the Nammable mass of methane ia a urbulent jet
arising from the rophure pipelingfbidsF djoining the
ipsl tof way,[Frr ]
Detonation within the lurbulent jet is therefore the detonation normally considered.

JATION = WITHHOL]
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Table 10
Consequences of Yapor Cloud Explosions

Scenario | Consequences—Distances at which a Given Overpressure Seen
X ]

- A.munint!ﬁt:im:r or yield faclor.
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Table 10
Consequences of Yapor Cloud Explosions
L Scenario Consequences—Distances at which a Given QOverpressure Seen
Wk

77 The volume of the mamennm jet and mass of methane within it will vary as, following the guillotine rupture of
the pipeline, the mie of release of natural gas will fall ragidly. Steady state cakculations presented in Lees [8] (ie. in
¢quation 15.46.32 with an effective diameter - .6 times the acrual diameter as calculated using equationfFTT___]
Lees [8[) suggest that the Mlammable moaentum jet will mn:ﬂmm« methane following the guilloline

(BN TR rupiure of the 42* 1j relessa™"Jof methane Tollowing release through a 6™ diameter hole in
=" ke 42" Tine of methane following release through & 2 diameter hole in the 42” ling {i.e., ~ | s2cond of
the norural gas jet %
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(B

Figure 4

Consequences of a Vapor Cloud Explosion Following Escape of Methuane afier the
Guillotine Rupture of a 42" Natural Gas Pipeline and Detonation of 2 Gas Cloud within the
Trees to the Northwest of the Southern Route

AT

O]
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Figure 5

Consequences of a Yapor Cloud Explosioa afler the Detonation of Methane in the
Turbulent Jet Created after the Guillotine Rupture of a 42” Natural Gas Pipeline that
—Lakes the Southern Route

TG

BTG

Missile Generation

Given that missiles might be thrown as far as 274 m (900 ft) in the event of pipeline rupture, the
switchyard, GT2/3 diesel fuel 1ank, the Unit 3 sieam generator mausoleum and metecrological
tower must all be considered as being vulnerable ta missile damage should the pipeline rupture
close 10 these objects, Therefore, we also examine the frequency of a gas pipeline rupture at
points close to these S5Cs and subsequent missile genermtion.

Summery of the Vulnerabilities to Risks

Potential hazards arising from the rupture of the new 42" gas pipelines that exceed the magnitude
thresholds for exposure to thermal radiation, explosions and missiles are summarized in Table
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11, This table also lists hazards that do not exceed this threshold and the basis for this
conclusion. For those hazards that exceed the magnitude thresholds, exposure rates are
developed in Appendix B and are presented in Table 13 below.

Table 11
Potential Hazards
SSC Important to Risk or | Event of Concern Following Disposition
Safety-Related the Hypothetical Rupture of
the 42" Pipeline

558Cs inside SOCA

| IR

S8Cs inside SOCA

SSCs inside SOCA

Swilchyard

Switchyard

Switchyard

GT2/3 diesel fuel storage tank

GT2/3 diesel fuel storage tank
and switchyard®®

GT2/3 diesel fuel storage 1ank
and switchyard

Emergency Operations
Facility

Emergency Operations
Facility

rhithJ
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Facility

Emergency Operations | T

FLEX building

FLEX building

FLEX building

Meteorological tower

Meteorological tower

Metearological tower

City water tank

City water tank

City Water tank

mausoleum

Unit 2 steam generator

mausoleum

Unit 2 steam generator

IF)
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Table 11
Potential Harards
Unit 2 steam generator ! i ]
mausoleum
Unit 3 stecam generator
fnausoleum

Unit 3 steamn generator
mausoleum

Unit 3 steam generator
mausoleum
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10.Conservatisms in the Analysis

Conservative assumptions bave been made in the modeling and analysis of potential hazards that
might follow the hypothetical rupture of a natural gas pipeline. These are summarized in Table
12. I[n light of these conservatisms, we believe the appropriate and conservative threshold
frequency of concem for pipeline rupture coupled with fire, explosion or missile peneration is ~
107 year.

Table 12
Conservative Assumptions Made

Conservatism Discussion
Detonation of natural gas is possible within the | While such a hypothetical event has been
wrbulent jet created by a release or in considered and an upper-bound probability as
congested areas to its occurrence applied, in fact no such
detonation has been recorded and expents
question its possibility.
The largesl possible magnitude of release rates | Pipeline rupture studies typically assume a
is assumed—the guillotine rupture of the 42" | single sided release. The assumption made is
conservative in that:

ipeline
E'—I i » Pressures on the downstream side and thus
flow rates from the downstream side wil
be lower

™ [Fii ]

As a result of the high discharge rates assumed,
damage contours move further out and the
predicted frequency of events that cause

io i st

LEHTXF)

The release of natural gas is assumed to be Many releases from buried pipelines will
vertical impact the walls of the crater created, reducing
momentum, turbulence and flame temperature
in the gas jet and thus the magnitude of the
effects of the jet flame or hypothetical
delonation
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Table 12
Conservative Assumptions Made

Conservatism Discussion
The size of the jet flame and turbulent jet The gas release rate will fall rapidly resulting
assumes the peak gas release rate in lower heat fluxes from jet flames and a
smaller mass of gas within the jet.
The gas pipeline pressure prior o release is The normal operating pressure will be 750
assumed to be the 850 psig MAOP (Maximum | psig, which is less than the MAOP. Higher gos

Allowsble Operating Pressure). pressures translate into higher release rates and
dumage potential.

Missiles are assumed to fly horizontally fora | The distance is an upper bound; missiles might

distance of 274 m (900 ft) also fly over closer objects

Damage is deemed passible if the closest point | The switchyard covers a large area and only

of an SSC of concem is impacted by specific equipment will be of concern.

overpressures or heat fluxes in excess of a ;

threshold.

11.Causes and Likelihood of Releases of Natural Gas and Subsequent Fire
and Explosion or Missile Generation

Likelibood and Consequences Fire and Explosion

The causes and likelihood of the rupture of the proposed 42" natural gas pipeline and subsequent
fires, detonations and missile generation arc addressed in dewil in Appendix B. The conclusions
of this analysis, as predicted using conservative models, are presented in Table 13 which itself is
drawn from Tables B-4 and B-5 in Appendix B.
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Table 13
Vulnerability to Risk
SSC Important to Event of Concern Is the Pipeline Exposure Rate
Risk or Safety- Following the Invelved Enhanced (/year)
Refated Hypotbetical or Not?
Rupiure of the 42"
Pipeline

Switchyard Exposure to thermel | Enhanced 7.23x 107

radiation as a result of

2 jet fire.
Switchyard Exposure to an Enhanced 552x 107

QvErpressure

exceading 1 psi

subsequent to a

detonation :
Switchyard Missile g:_::i:miun Enhanced 1.32 x 107
GT2/3 diesel fuel Missile generation Enhanced 151 x 107
storage tank
Switchyard and Exposure to thermal | Enhanced 520x 107
GT2/3 diesel fuel radiation as a result of

 storage tank™ a jet fire

Switchyard and Exposure (0 an Enhanced 4.25x 10°
GT2/3 diesel fuel OVerpreasure
storage tank exceeding 1 psi

subsequent to a

detonation
Emergency Exposure to thermal | Enhanced 4.02x 107
Operations Facility radiation as a result of

a jet fire
Emergency Exposure to an Enhanced 2.79x 107
Operations Facility overpressure

exceeding 1 psi

subsequent to &

detonation

» Because of their proximity, simultaneous damage to both the GT2/3 diesel fued oil storage tank and the switchyard
is possible in the event of 4 jet flame or detonstion.
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Table 13
Yulnershility to Risk
Meteorological tower | Exposure to thermal | Both enhanced and 1.86x 10°
radiation as a result of | unenhanced
a jet fire
Meteorological iower | Exposure to an Both enhanced and 1.50x 107"
overpressure unenhanced
exceeding | psi
subsequent to a
; detonation
Meteorological tower | Missile generation | Both enbancedand | 206 x 10°
unenhanced
Unit 3 steam Exposure to thermal | Unenhanced 1.38 x 10® (for
generator mausoleum | radiation as & result of thermal radiation that
a jet fire would damage the
buildi
Unit 3 steam Exposure to an Both enhanced and 1.95 x 107
generator mausoleum | overpressurc unenhanced
exceeding | psi
subsequent to &
detonation
Unit 3 steam Missile generation Both enhanced and 3.83x 107
| generator mausoleum unenhanced

The results show that, with two exceptions, the frequencies of all events that might damage
important to safety or safety-related Systems, Structures and Components outside the SOCA lie
below the 10"%/year threshold for concer. The exceptions are possible damage 1o
instrumentation on the meteorological tower as 1 result of pipeline rupture and creation of a jet

Page 85 of 278

flame and possible damage to the Unit 3 sieam generator mousoleum. As noted earlier, however,
these remain very low probability events. Furthermore, the potential consequences of damage to
the meteorological tower can be mitigated as the data it provides can be obtained from other
sources, including a backup meteorological wower and weather forecasting services such as those
provided by the NOAA. Similarly, damage to the Unit 3 steam generator mausoleum is both
unlikely (the structure is rugged) and will not have serious consequences (a Safety Evaluation
concluded that even if the structure were to fail, dose limits imposed by NRC guidelines would
not be exceeded).

In Appendix B, texrorism or wanton damage to the pipeline and the possibility of seismic damage
are also discussed. I is concluded that such damage is unlikely or not credible.
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12. Summary Discussion

The rupture of the proposed 42" natural gas pipeline in or close to the [PEC site and subsequent
ignition of the methane released might result in a jet or cloud fire and injury or death to any one
exposed to flames or intense thermal radiation. Such a fire will not, however, damage a system,
structure or component important to safety within the SOCA. Similarly, in the hypothetical
event of a vapor cloud explosion initiated by or involving a detonation, no structural damage to
buildings in the SOCA is anticipated as the southern route lies beyond the minimum safe
distance established for such a pipeline. A similar conclusion can be drawn about missile

generation.

Damage 10 systems, structures and components impostant to safety away from the SOCA-~the
switchyard, GT2/3 fuel tank, Emergency Operations Facility (EOF), FLEX building, Unit 3
steam generator mausoleum and meteorological tower—is hypothetically possible under very
low probability scenarics. We therefore conciude that the southern route will not introduce
material additional risk to the safe maintenance and operation of safety-related and important to
safety SSCs at [PEC.

SECURITY-RELATED INFORMATION —~ WITHHOLD UNDER 10 CFR 2,380
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APPENDIX A

Volumes of Flammable Clouds and Masses of Methane involved in Hypothetical Vapor
Cloud Explosions (Detonations)

I. The Risk Research Group, Inc.  A-1 August 19, 2014
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XTHF

 The mass of methane present in the congested area-~the belis of tress—is caleulated from the volume of the
flammable vapor cloud assuming an average 10 % volume of methane in air. The height of vapor clouds within the
frees is assumed to be 10 m.

" Relative 10 the closest point on a pipeline 1o the [P3 control building,

1. The Risk Research Group, inc.  A-2 August 19, 2014
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APPENDIX B

Analysis of the Causes of and Determination of Exposure Rates for a
Failure of the Proposed AIM 42” Natural Gas Pipeline near IPEC

B1. Introduction

Nuclear Regulatory Commission (NRC) regulations require that safety-related and important (o
sufety nuclear power plant structures, systems, and components (3SCs) be appropriately
protected against dynamic effects resulting from equipment failures and from events and
conditions that may occur outside the nuclear power plant. These laiter events include the effects
of explosion of materials that may be at nearby focilities or carried on nearby transportation
routes, including natural gas pipelines. NRC regulations also require thal the pature and
proximity of hazards related to human sctivity (e.g.. natural gas pipelines) be evaluated to
determine if a plant design can accommodate commonly occwsring hazards, and if the risk of
other hazards is very low.

Based on proximity to [PEC, the proposed Algonquin Incremental Market (AIM) Project 42"
pipeline, currently planned to be installed slong a southern route located approximately 1580 ft.
south of the IPEC security owner controlled area (SOCA), poses a potential hazard that must be
evaluated as to the consequences and likelihood of (or exposure rates for) postulated failures of
the pipeline. As part of that evaluation, Entergy has conducted a hazard analysis contained in the
main body of this report. The analysis contained in that report indicates that a postulated failure
would not adversely impact any SSCs within the SOCA due to the distance from the southern
route to the SOCA. Similarly, certain SSCs outside the SOCA—the city water tenk, FLEX
building and Unit 2 steam generator mausoleum-—will not be adversely affected by hypothetical
fire, explosion or missile damage because the distances between the SSCs and the proposed
pipeline are such that the overpressure, heat flux and missile damage threshoids are not exceeded
(ie., the city water tank and Unit 2 steam generator mausoleum) or because the SSC in question
is of rugged construction with no exposed instrumentation and thus able to withstand the
overpressure and heat fluxes to which it might be exposed {ie., the FLEX building). The diesel
fuel oil tanker that is used to ransport fuel oil from the GT2/3 dlesel fuel oil stornge tank to the
plant will be relocated so as not to be adversely affected by hypothetical fire, explosion or
missile damage from the proposed pipeline. However, certain SSCs important to safety located
ouside of the SOCA could be damaged should a failure occur on the 42" AIM pipeline closest 1o
such equipment. The SSCs important 1o safety identified as being potentially vulnersble o
damage are the switchyard, the GT2/3 diesel fuel storage 1ank, the Emergency Operations
Facility (EOF) and the meteorological tower. The Unit 3 stcam generator mousoleum was also
identified as being of potential concern. Here we conservatively assume in general that damage
to these SSCs might occur were they to be exposed to I-psi overpressure following an explosion,

B-CFR-2-390
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to a thermal radiation heat flux occasioned by pipeline rupture and the ignition of the natural gas
eeleased that exceeds 12.6-kWim®, or to the possibility they might be struck by missiles when the
pipeline ruptures. The !-psi overpressure is a threshold of concern established by the Nucteor
Regulatory Commission in Regulatory Guide 1,91 [3]; the 12.6-kW/m? heat flux is that required
to melt plastic.

[n nceordance with applicable NRC guidance (Regulatory Guide 1,91), if SSCs important to
safety may be damaged due to a postulated failure due to proximity to the hazard, the licensee
may show that the risk is acceptably low on the basis thal thresholds for damage (e.g., the 1 psi
overpressure) are not exceeded or that exposure rates are low; a demonstration that the exposure
rate far darnage is less than 1x10°® per year when based on conservative assumptions, or x107
per year when besed on realistic assumptions, is acceplable,

As demonstrated below, based on proposed design and installation enhancements to the 42"
pipeline to be installed near [PEC, the poteniial for damage or exposure rales for pipeline failure
and damage to SSCs near the pipeline are, with two exceptions, below NRC's threshold criteria
and, therefore, are not considered credible events, [27 ]

LB HE I

i | However, that pipeline also has
a very low probability of failure and, even if a fatlure and damage to the meteorological tower i
assumed, there are established alternative means to provide meteorological data to the plant in
the event of an emergency. Similarly, thermal damage to the exterior of the Unit 3 steam
generafor mausoleum will not have other consequences because this structure is of rugged
concrete construction. Furthermore, a safety evaluation performed for the steam generator
storage facility project shows that even if the structure were to fail, the dose limits imposed by
MNRC guidelines would not be excecded [28).

B2. Purpose and Ohjective of This Report

The purpose of this report is o determine exposure rates for failure of the ADM project 42"
pipeline, to be instalied along the southern route qutside of the main IPEC facility, and
sitbsequent events accounting for the substantiak pipeline and instaliation design enhancements
discussed below.
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B3. Statistical Analysis of the Exposure Rates for a Fire and Explosion

The average rupture frequency of all pipelines with a dinmeter of 36 or more’ is ~ 2.7 x

10 /mile.yr.  This frequency is derived using US data for all natural gas transmission pipelines
with a diameter of 36” or more regardless of the date of pipe manufacture and installation, wal
thickness, ooating thickness and cover depth. Improvements in the design and manufacture of
pipe and corrosion protection and increased wall thickness and cover depth have all served to
reduce the likelihood of pipeline ruptures [29, 311", As discussed below, because segments of
the proposed AIM pipeline near [PEC will be a design-enhanced, state-of-the-art installation, and
reflect improvements in manufacture achieved in recent decades, a lower rupture frequency will
apply to these segments of the proposed AIM pipeline.

When assessing the US Department of Transportation Pipeline and Hazardous Material Safety
Administration (PHMSA) data, we note that in the period 1/1/2002 to 7/1/2014 only 2 of the 12
onshore transmission gas pipeline ruptures in pipelines with a diameter of 36™ or more occurred
in a pipeline installed after 1980. The PMHSA data then allow us to predict a rupture frequency
for 2 new 42" pipeline equal to 1.32 x 10° /mile.yr.* The predicted frequency of pipeline rupture

! As 00 few data are available for 42 pipeline alone, data for all pipelires of 36™ or more in diameter were
considered for this analysis. In selecting data to be used in this analysls. a balance must be achieved between the
ovailability and npplicability of data. Noting that ruptun: rates fall with incressing pipeline dismeter, we seek io
obiain & reasonsble amount of incident (rupture) and exposure dais for pipelines with & diameter &3 close (o the 477
diameter of the proposed pipeline. Hence in general, data for pipelines of 36™ or more in diameter are used rather
than, for example, the larger seds of dats with a diameter of 247 or more,

? This frequency |s calcutated from:

. Rupture data for ges transmission pipelires of 367 or more in diameter, Thele data are for tha period
/172002 ta TN /2014 and are provided by the US Department of Transpaortstion Pipeline snd Hazardous
Matevial Safety Administration (PHMSA). 12 rupiures were necorded in the 12.5 year period.

2. Thetotal length of the ransmission system pipelines of 36™ or more In dismeter recorded in Part H of the
PHMSA 2012 gnnual transmission system repon (34,351 miles).

The average rupture frequency is calculated by dividing the number of ruptures (1 2) by the exposure—the

prodect of the tength of the ramsmission system pipelines of 35™ or more in diameter (34,851 miles) and

durstion of the period far which ruptare data were gathered (125 years). The result is a calcuiated frequency of

2.75 x 10 fnie.yr. This is a prefimisacy estimate and the actual number would be an underestimate as not all

the 34.85] miles of pipeline of 36™ or more in diameter was installed in 2002,

This frequency of incidents is bn sccond with Evropean expericocs [29] and earlier estimates {30). This 12.5

year period waz again selecied to achieve a satisfactory balance betwesn the availabitity and spplicability of

data. ‘While more ruptures would be included were: a loager period of time 1o be selected, the improvements in
pipeline reliability seen in recem decades would be masked were data from earfier decades 10 be used.
! The tower rupture frequency exhibised by newer pipelines would aot appesr 40 be driven by the effects of aging in
older pipelines [32).
* The pipeline rupure frequency is calculated by dividing the number of ruptures thet accur in 8 peried of time with
the exposure of pipeltnes w0 rupture in that period. The larer Is expressed in cumulative pipeline mile years. The
calculation of pipeline exposare to rupture reflects the fact that in any perind of time, lengths of pipeline are
isttalled and thus the total length of pipeline in pisce at the beginning of the period will be less than that in place at
the end. By averaging the lengths of piping over the time period, an equivalent mile-year exposare when compared
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and a subsequent fire is therefore ~ 6. 81 x w‘!milc.yr‘: the predicted frequency of a
hypothetical vapor cloud explosion mvelving a detonation following a pipeline rupture is
canservatively estimated as being less than ~ 5.95 x 107 /mile.yr%. Note that while descriptions
of pipeline rupture and fire events often make mention of “2xplosions”, these appear to refer to
the bursting of the pipeline itself or to a subsequent deflagration of a vapor cloud rather thanto a

to 2 shorter iength over a longer period can be calcolated. The calculation of the 1.32 x 10-5/mileyr topore
frequenty makes use of ihe abservation thar US Energy Information Administration dota for new complered patucal
gas pipeline peojects in the period G/26/2000 to 6/20v14 [32] shaw thet, where pipeling langth and diameter ace
given, 35 % of new pipeling tmvolved pipelines of exclusively 367 or mare in diametsr, Now 36,763 miles of
pipeling was installed in the persod 2000-2012. Assuming 35 % of thks iz 367 or mare in diameler, 12,867 miles of
36™ or greater diameter pipetine were installed in the perind 2000-2012. Now in 2013 a total of 34 851 miles of 367
or grener diameter is installed of which 12,867 miles were installed in 2000 or infer and thus 21,984 milas insratled
before 2000, The question is how mach of this 21,984 mile pipeline length was insialled beiwesn 1980 and 1999,

I 980 being the year in which merked improvements in: pipeline reliability appenr. Let us conservatively assume the
percentage of pipeline 36" or more in diameter instaliled before 2000 that was installed in the period 19801959 =
idenitcat to the fraction foe all pipeline fnstalled before 2000 that was insmlled in the perind [980-1999. Thiy
percentage is 21.3 %, The woisl lengih of pipeline of 367 or more in diamezer installed in the period 1980- 1999 [s
therefore 21 584%0.2 1 or ~ 4582 miles. The wtal length of pipeline 36™ or moce in diacneter imitalled in ot after
1980 and present im 2813 is therefore (4682 + 12867) or 17530 miles. The averape length of such pipeline in place
over the period 2002-2013 is obteined by interpolation as 12,106 miles noting that an estimated 17 550 miles of
pipeling of 36 or more in dizmeter were present in 2013 end an estimated 5661 miles were présent in 2002, The
&661 miles present ia 2002 comprizes the 4582 miles sstimated to be present in 2000 and {2/13) of the 12,867 miles
estimated as being added in the period 20002002,

The pipelite riptuee frequency is then caleulaled by dividing the rumber of ruptares in pipeline of 36™ or move in
diameter and instalied in |950 or after that cocurred tn the time peried 2002-2014 (2 events) by the exposure of
such pipeline (12,106 miles x 12.5 years). The result (212,106 = 12.5)) is 1.32 x 107 ruptures/mile yr.

2 This frequency is cafculaled by multiplying the ruptare frequency (1.32 x 10 /mile,yr ) by the ignition probability

The later is calculeied from PEMS A dala for ges transmission pipelioes of 36" or mare in diameter for the
period #172002 10 T 172004, Twelve riptures were recorded jm the 12.5 year period. OF these, ignition occurred 6
times {Le., in 50 % of the ingidems). This ignition probobility is in accord with Euwropean experience [28].

* This frequency is cnkculated by multipiying the rupture frequency {1.32 x 107" Amile.yr } by a conservalive estimate
of the probabilily ofa vapor cloed detonation fellowing 4 major releasa from a pipeline. The lamer value is
calculated a8 (043, This value is presenied based on the absence of detanation in the 55 nuptures of pipefines of 24
of mare in dicmeter reeorded by PHMSA between 17172002 and 7/172014 {in no insiance do the PHMSA or NTSB
{Mationat Transporistion Safety Board) reperts on these incidens refer 1o a detonation—"explosion™ in PHMSA
documents appears 1o refer 1o the explosive rupiure of (he pipeline or possibly to a vapor clawd explosion entailing
deflagration}—assurmting 2 binominl disuribaion, there is 2 3 % prebability of no detonations cecwrring in 65
nsphses if the detonation probability is 0.045. I the detanation probability were highet, the probability of no
detoraiions accurring is approximately 5 % or tess. The resulting detonation frequency is higher than the | 1077
mile” year ! Frequeney cited as 2n upper bound probability of an exploaion in the Stale of California guidance
protocol for school site risk anadysis [10). Hers the dara used comprise nupiures in pipetines of 247 io dismeter or
more. As the rupture of 2 24" pipeline might still result in 2 nebulent jot contalming over 1000 kg of methane in the
flammable cange, the absence of detomtion i such ruptures is judged applicable in determining the probability of
detonarion after the rupture of tarpe pipelines.
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detlonation. For exampie, the pipeline incident described by PHMSA comrective action order 3-
2011-1018-H is noted in the PHMSA incident database as having involved an explosion. The
corrective action order itsclf, however, describes the event as involving rupture and a fireball.

Looking al the set of natural gas ransmission pipeline rupture events that occurred in the period
1/1/2002 to 7/1/2014, the dominant causes of pipeline rupture in all pipelines are found to be
extemal corrosion, construction/installation/fabrication problems and excavation damage (Table
B-1). In pipelines installed in or after 1980, however, we see that comrosion disappears as a cause

of pipeline rupture,

Table B-1
Causes of Rupture of Natural Gas Transmission Pipeline Rupture Events involving
Pipeline of 36” or more in Diameter that Occurred in the Period 1/1/2002 to 7/1/2014
(PHMSA Dala)
Cause of Pipeline Rupture Number of Events: | Number of Events:
all Events Events (n Pipeline
Installed In or After
1980
External corrosion 5 0
Fabrication construction/instailation 2 |
Excavation (3™ party) 1 1
Eanth movement (landslides, subsidence, heavy 1 0
cains, aic),
Miscellaneous/unknown 3 0
Total events 12 2

Spectra and Entergy have agreed to a number of pipeline enhancements to 2 -~ 3935 ft (1199 m)
segment of pipeline near IPEC in order to further reduce the already low predicted frequency of
failure and address the above listed primary causes of pipeline rupture. The location of this
“enhanced” pipeline is shown in Figure 1 of the main report. These additional safety features
will be installed and implemented to mitigate internal and external corrasion, excavation threats,
sbnormal operations, damage from natural forces (i.e., seismic) and other potential threats. n

s The pipeline will have a greater wall thickness increasing it from 0.510” 10 0.720" (a
41% increase)
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» The pipeline will be X-70 steel (70,000 psi yield strength). The increased wall thickness
and the higher yield steel material will 1ogether result in & 41% operating pressure margin
above the planned 850 psig MAOP.

» The X-raying of 100 % of all welds and approval of the radiographs by trained X-ray
technicians

o The pipeline will be buried to a grester depth from the normal 3 feet to & minimum of 4
feet from the top of the pipeline to natural grade (a 33% increase).

s The fusion bonded epoxy (FBE) pipeline commosion coating will be increased.

s An Abrasive Resistant Overlay (ARO) will be added over the FBE coating.

o Fiber reinforced concrete mats with waming tape layers placed over the pipeline,

Detnils of Spectra’s normal design, instailation and operating practices and these additional
design and instaflation features are presented in Exhibits A and B; a cross-sectional schematic of
the enhanced pipeline with reinforced concrete mats and waming tape is shown in Exhibit C.

While US pipeline incident data do not allow the development of direct correlations to calculate
the precise probability impact of these additional features on pipe rupwure frequencies’, there is
strong evidence that the effect will be appreciable. European data [29] suggest that rupture and
overall failure frequencies decline markedly when pipe wall thickness and cover depth increase
(Figures B-1, B-2 and B-3). This conclusion is supported by US PMHSA data that show of the
12 rupture events involving natural gas transmission pipelines of 36" or more in diameter
encountered in the period 1/1/2002 to 7/1/2014, only one involved pipelines with a wall
thickness of 0.5" or more; this event was caused by a construction defect at a joint, Similarly,
with respect to corresion it has been concluded that for “pipelines with wall thicknesses greater
than (0.59 in.) and with corrosion conirol procedures in place, the cormosion control frequency
can be assumed to be negligible” [33]. UK studies have also demonstrated that by installing a
concrete slab and visible waming tape, the frequency of pipeline ruptures occasioned by external
interference will be reduced by 95 % [34). Finally, X-raying of sll welds and verification of the
radiographs by trained technicians and the greater wall thickness in the enhanced pipeline will
diminish the likelihood that defects in fabrication or construction might result in a subsequent
pipeline rupture. A 75 % reduction in the predicted frequency of pipeline rupture as a result of
defects in fabrication or construction in the enbanced segments of the pipeline is sasumed here to
reflect these improvements.

T As an example, there are no data available that relate the length and diameter of pipelines to spacific diameters,
wall thicknesses and cover depths.
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Figure B-1

Frequency of Pipeline Rupture Occasioned by External Interference as a Function of
Cover Depth [transcribed from 29]

_ 025
g
¢ 0.2
=
i
g 015
-
2 01
o
=
S 005
H
o -
<3150, 31.5 o 39.4" >39.4"
Cover class
Figure B-2
Frequency of Pipeline Rupture Occasioned by External Interference as a Function of Wall
Thickness [transcribed from 29]
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Figure B-3
Frequency of Corrosion-Induced Pipeline Failure as a Function of Wall Thickness
[transcribed from 19]
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if We assuris that half the raptures that might occur with new but not enhanced pipeline related
10 3™ party excavation and half to fabrication and construction problems, and reduce rupture
rates to account for the enhancements, we arrive ai an overall rupture rate that is 15 % of that
calculated for 42" pipeline that is not enhanced (Table B-2). A frequency of ~ 1.98 x

10°® #mile.yr will therefore be assumed for pipeline that incorporates these additionai safet
leatures. This in tum translates into a frequency of pipeline rupture and ignition o

artd & I'mqumny of pipeline rupture followed hypothetically h}fﬂ""x" I

'  Multiplying the 1.98 x 10*/mile.yr rpiure frequency wit bebility of ignition
* Multiplying the 1 98 x |G"*/mile.yr rupture frequency with ility of detonation
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Table B-2
Relative Pipeline Rupture Frequency After Enhancements
Failure Cause Fraction of Multiplier to Basis for Contribution
Rupture Apply Elfect of Effect After
Events Enhancement Enhancement
Attributed to
Cause
3™ party excavation 0.5 s Reduction for o
concrete mats
and waming
lape
Fabrication/construction | 0.5 Engineering
problems Judgment as to
benefit of 100
% of all welds
being X-mayed
and thicker
walls
Total 1

Let us now apply these frequencies (o the pipeline rupture events of concern. In calculating
exposure rates, the lengths of pipeline that lie within specific distances of the 55Cs of concern
are determined. [t is assumed that if pipelines were to rupture along these lengths and fire,
overpressure or missile damage were to ensue, damage to the SSC is possible. The lengths were
determined using Google Earth. Details of the exposure rate calculations are presented in Table

B-3,
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Jet Fire - Electrical Switchyard and the GT-2/3 Diesel Fuel Oil Storage Tank

Looking first at 2 jet fire close to the 5wrtch]mrd and mnsm:l.wclf nssummg damage will result
with thermal radiation in excess of 12.6 kW/m? (see Table 4 in the main report), we are
concemed with a guillotine rupture of the enhanced 42" pipeline within 386 m (1266 f)'? of the
switchyard. This distance translates into a concern over guilloting rupture ina~ 1175 m

(3855 f) I:ngd: of enhanced 42" pipeline. An exposure rale for rupture followed hy ignition of
7.23x 10 J'jrr can be predicted for this length (Table B-3). Events that might result in
simuliancous damage to bath the switchyard and the GT2/3 diesel fuel oil storage tank bhave an

cxposure rate for rupture fo[!uwed by ignition of 5.20 x 10° ’.-'yr This last rate is calculated
assuming guillotine rupture i length of enhanced 42 pipeline within 386 m
(266 ft) of both the swilchyar € | oil storage tank.

Vapor Cloud Explosion involving Detonation ~ Electrical Switchyard and GT 2/3 Diesel
Fuel Oil Storage Tank

If instead of a jet fire, assuming a hypothetical vapor cloud explosion involving detonation that
follows the rupture of the proposed 42" gas pipeline close to the switchyard and GT2/3 fuel oil
tank, our concem is with a guillotine rupture of the cnhnnc:d42“ pipeling in{"*""

length of enhanced 42" pipeline within[" *? of the switchyard and Tank mssuming
is only detonations that result in overpreSsics AT within the switchyard or at the fuel
storage tank that are of concern. An exposure rate for rupture followed by detonation of 5.52 x
10°® /yr. can be predicted for this length (Table B-3). Events that might result in simuitaneous
damage to both the switchyard and the GT2.I"3 diesel fuel ol storage tank have an expasure rate
for rupture followed by ignition of 4.25 x 10™yr. This last rate is calculated assuming guillotine

rupture in a B Nlength of enhanced 42" pipeline within E of both the
switchyard and the GT2/3 fuel oil storage tank.

Jet Fire - Emergency Operations Facility (EOF)

Considering a jet fire close to Emergency Operations Facility (EOF) and conservatively
assuming damage to wiring and instrumentation on the exterior of this facility will result with
thermal radiation in excess of 12.6 kW/m’ (sec Table 4 in the main report), we are concemed
with a guillotine rupture of the enhanced 42" pipeline within 386 m (1266 ft) of the EOF. This
distance translates into 2 concern over guillotine rupture in a B "length of 42"
pipeline. An exposure rate for rupture followed by ignition of 4.02 x 107/yr can be predicted for

this length (Table B-3),

" The istance of concern is taken from the data for a 42 pipetine presented in Table 5 of the main
"Thmm of concern is taken from the data for a 42" pipeline presented in Table 10 of the
main report.

The Risk Research Group, Inc. B-13 August 19, 2014



USCA Case #16-1081  Document #1636984 Filed: 09/21/2016  Page 104 of 278

Vapor Cloud Explosion involving Detonation = Emergency Operations Facility (EOF)

If instead of a jet fire, assuming a hypothetical vapor cloud explosion involving detonation that
follows the rupture of Lthe proposed 42" gas pipeline close to the Emergency Operations Facility
(EOF), our concem is with a guillotine ru of the 42" pipeline in[P7 | length of
enhanced 42" pipeline wimmﬂgﬁﬁzﬂ of the EOF assuming it is only detonations that
result in overpressures of | psi at the EOF that are of concemn. A frequency of rupture followed
by detonation of 2.79 x 107 /yr. can be predicted for this length (Table B-3).

Jet Fire - Meteorological Tower

Considering next the consequences of a jet fire close 1o the meteorological tower and
conservatively assuming damage will result when thermal radiation exceeds 12.6 kW/m’ (see
Table 3 in the main report), we need be concerned with a guillotine rupture of the 42" pipeline
within 386 m {1266 ft) of the tower. This distance translates into a concem over the guillotine

rupture of af*"*" length of uncnhanced 42" pipeline and[™™ liength of
enhanced 4£" pipeline, An exposure rate for rupture followed by ignition of 1.86 x 10® /yr. can
be predicted for these lengths (Table B-3).

Vapor Cloud Explosion involving Detonation - Meteorological Tower

Considering the rupture of the pipeline cloge to the meteorological tower and a subsequent vapor
cloud explosion involving detonation, we nead be concerned with a guillotine rupture in
[eiT length of unenhanced 42" pipeline and a 203 m (666 f1) lengih of enhanced 42"
pipeline within[""™" of the tower, assuming our concern is with detonations that result
in a | psi overpressure. The exposure rate for this event is ~ 1.50 x 107 /yr (Table B-3).

Jet Fire = Unit 3 Steam Generator Mausoleum

A jet fire close o the Unit 3 steam generator mausoleum will result in thermal radiation in excess
of 12.6 X¥W/m’ (see Table 4 in the main report) being incident on the structure. However, given
this is a robust concrete structure with no extemnal instrumentation, our concern is with higher
heat fluxes - 31.5 kW/m’ or more that will cause building damage—we are concerned with a
guillotine rupture of the 42" pipeline within 386 m (1266 it)'* of the mausoleum' . This distance
translates into a concern over guillotine rupture in a Fm Ilengm of unenhanced 42"
pipeline. An exposure rate for rupture followed by ignition of 1.38 & 10°/yr can be predicted for
this Jength (Table B-3).

* The ml istance of concem is taken from the data for a 42" pipeline prasented in Table 5 of the main

repare.
'3 Should the 42" pipeline rupture with a double sided full bore release of natural gas that ighites, the resulling jet

flame will give 8 315 k'W/m2 thermal heat Mux al IM:' from he point of ruplure.
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V;pnr Cloud Explosion invelving Detonation — Unit 3 Steam Generator Mausoleum

If instead of a jet fire, assuming a hypothetical vapor cloud explosion involving detonation that
follows the rupture of the proposed 42" gas pipeline close to the Unit 3 steam generator
mausoleumn, our concem is with a guilloting rupture of the 42" pipeline i%p
length of unenhanced 42" pipeline :md length of enhanc pipeling within
352 m (1155 f)'" of the mausoleum assunming it 1s only delonations that result in overpressures
of 1 psi at the mausoleum that are of concern. An exposure rate for rupture followed by

detonation of 1.95 x 107 Iyr. can be predicted for this length (Table B-3).

These frequency calculations are summarized in Table B-4. These predictions pertaining to the
cxposure rates for fire and explosion following a pipeline rupture are highly conservative in that
the assumptions made in calculating the distances ot which overpressures and high heat fluxes
can reach are conservative (see Table 12 in the main report). Consequently, the pipeline lengths
used here to calculate exposure rates will also be conservative. Accordingly we can conclude
that the proposed pipeline satisfies NRC criteria pertaining to explosion (detonation) risk as, with
two exceptions, the predicted frequency of any postulated event is below the 10°%/year criterion
established in Regulatory Guide 1.91 for circumstances in which conservative assumptions are
made. The exceptions are the met tower and Unit 3 steam generator mausoleurm, which could
suffer domage if a failure of the pipeline is postulated to occur in the piping closest to the tower
that does not include enhanced design features. However, that piping still meets presemt design
criteria (Exhibiis A and B) and also has a very low probability of failure, Further, evenifa
pipeline failure and damage to the meteorological tower are postulated, that event poses no
additional risk to [PEC as there are established alternative means (o obtain meteorological data in
the event of an emergency. Similarly, thermal damage to the exterior of the Unit 3 steam
generator mausoleum will not have other consequences because this structure is of rugged
concrete construction.
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Table B-4
Expoesure Rates for Potential Damaging Fire and Explosion Events
Event Exposure Rate (/year)
Jet fire/switchyard 7.23x 107
Vapor cloud explosion involving 5.52x 107
detonation/switchyard
Jet fire/switchyard and GT2/3 diesel 520x 107
fuel il tank
Vapor cloud explosion involving 4252 107
detonationfswitchyard and GT2/3
diesel fuel oil tank
Iet fire/ECF 4.02x 107"
Vapor cloud explosion involving : 2.79x 107
detonation/EOF
Jet fire/meteorological tower 1.86x 107
Vapor cloud explosion involving 1.50x 107
| detonation/ metegrological tower
Jet fire/Unit 3 steam generator 1.38x 10°
mausoleum
Vapor cloud explosion involving 195x 107
detonation/ Unit 3 steam generator
mausoleum

B4. Likelihood and Consequences of Pipeline Rupture and Missile Generation

Given their proximity to the proposed southem route, the switchyard, GT2/3 diesel fuel storage
lank, Unit 3 steam generator mausoleum and meteorological tower must all be considered as
being potentiaily vulnerable to missile damage should the pipeline rupture close 1o these SSCs.
All other targets of concem lie outside the 274 m (900 ft) distance that missiles can be thrown.
The frequency of pipeline rupture and missile generation can be predicted as the product of the
pipeline rupture frequency (1.98 x 10 ¥/mile.yr assuming the additionnl safety features are in
place) and the conditional probability of missile generation in a pipeline rupture (0.44'"). The

*" In 9 events involving the rupture of natural gas ramsmission pipeline reported upon in detail by the NTSB.
mention is made of Fragments of the pipeline being thrown off in 4 events (i.e., 44 % of the 9 eventy).. The 9 events
in question are those involving the rupture of natural gas transmission pipelines for which detailed repors are
available on the NTSB website (hilo:/wwa investicalions/renon ipe.bimi). The events occurred
between 1986and 20T0. — — — —

rEok
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resulting frequency is thus 8.71 x 107 /mile.yr. In the absence of Lhese enhancements, the
frequency of pipeline rupture and missile generation is 5.81 x 10" mile.yr (a rupture frequency
of 132 x 107 /mile.yr multiplied by 2 0.44 probability of missile generation). These frequencies
canmot be applied, however, without assigning a probability that the missile would strike an
object of concem. An upper bound estimate of this probability can be obtained by estimating the
angle subtended by the object at its closest point to the pipeline-—ignoring the possibility that
missiles will fall shott of or fly over the object and assuming that missiles are equally likely to be
thrown in all directions. These frequencies, probabilities and the resulting exposure rates for
missile damage for various 35Cs are presented in Toble B-5. From the exposure rates we can
conclude that missile generation will contribute minimal edditional risk,

The Risk Research Group, Inc. B-17 August 19, 2014
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BS. Potential Acts of Terrorism

NRC regulations governing evaluation of potential external hazards do not require consideration
of terrorist-induced Failurss, but we would note that:

¢ No assumed rupture of the proposed pipeline will cause malerial damage to equipment
within the SOCA (security owner controlled area) due to distance from the southern routs
to the SOCA. Furthermore, those portions of the pipeline closest to the SOCA lie
underground on IPEC property. Therefore a terrorisnt threat to this section of pipe is not
credible and not considered further.

s The sepment of the enhanced pipeline near the switchyard, GT2/3 diesel fuel storage and
Emergency Operations Facility would also be installed underground with at least 4° of
cover and reinforced concrete mats. Therefore, consistent with the explanations provided
above a terrorism threst for this section of pipe is not credible ahd not considered further,

* ‘The above-ground partion of the pipeline located east of Broadway at the point at which
the proposed 42" pipeline enters the existing cight of way is hypothetically vulnersble to
wanton damage. However, this point 8 30 distant from the SOCA and systems,
structures and components of concern outside the SOCA that a fire or explosion there
will not cause material damage to them.

We conclude therefore thal the proposed new pipeline will not introduce additional risk as a
result of temrorism or other wanton damage.

B6. Seismic Events

PMHSA and Ewopean [29] data show ground movement has been responsible for o mumber of
pipeline roptures. While larger diameter pipelines are less susceptible to ground movement [35],
they are still vulnecable—1 of 12 rupwure events involving pipelines of 36" or more in diameter
in the period 1/1/2002 to 7/1/2014 recorded by the PHMSA was attributed 1o this cause (but in
this instance the ground movement was not attributed to o seismic event). That anid, we can
conclude that seismic events involving the proposed gas pipeline will not introduce additional
risk as “The magnitude of earthquakes in the northeast is relatively low and would not pose a
problem for a modern welded-sieel pipeline” [36]. Furthermore, the patential for pipe ruptures
as a result of earth movement in a seismic event is low as the liquefaction/cyclic failure potential
of the soils above the bed rock (on site) appears to be low [15]. Finally, we note that in
evaluating seismic events at [PEC, a loss-of-offsite power has already been assumed [ 1), thus
any damage to the switchyard or the GT2/3 diesel fuel oil storage tank that might follow a
hypothetical seismic-induced rupture of the pipeline would not introduce risks that have not been
evaluated previously.

SECURITY-RELATED INEORMATION = WITHHOLD UNDER 10 CFR 2.386
The Risk Research Group, Inc. B-20 August 19, 2014
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Exhibit A

In addition to the much thicker, stronger stee! and protected pipe to be installed along a segment
of the southere route described in the report (the enhanced pipe), it is important to note that
Spectra Energy has proven Standard Operating Procedures (SOP's) that they will be
implementing before, during and after the AIM pipeline is built. Many of these SOP"s have been
filed with FERC. These SOP"s reault in additional significant macgins of safety to the pipeline
further reducing the impacts from possible threats.

The Spectra SOP's include but are not limited to the following:

Document Title Doecument Description
Number
SOP Administration Overview of the Standard Operating Procedures, the
organization, who is responsible, frequency of updates,
4 el
Integrity Management Program Documents and Procedures
Integrity Management 09-0000 | Details the program used to comply with 49 CFR 192
| Program subpart O and ASME B31.8S.
Action ltem Summary 403 Gives frequency, form number, and responsibility of
Sheet IMP tasks
External Corrosion 410 Part of the Threat Response Guidance Documents
Internal Corrosion 420 Part of the Threat Response Guidance Documents
Stress Corrosion 430 Part of the Threat Response Guidance Documents
Mm:fngmring 440 Part of the Threat Response Guidance Documents
Construction 4350 Part of the Threat Response Guidance Documents
Equipment 460 Part of the Threat Response Guidance Documents
Third Party Damage 470 Part of the Threat Response Guidance Documents
Incorrect Opemtions 480 Part of the Threat Response Guidance Documents
Weather and Outside 490 Part of the Threat Response Guidance Documents
Forces
Management of Pipeline 510 How to evaluate dents/mechanical damage and how 1o
Dents and Mechanical respond
Damage
Hardspots - 511 Bes! practices for handling bards
Selective Seam Corrasion 512 Best practices for handling SSC in piping
Effects of Pressure 513 Risk to system from fatigue crack growth is found to be
Cycles on DEGT System ) negligible.

_E—— —_—
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Document Title Document Description
Namber

Assessment Methodology 514 How to implement the IMP on nm-mmlme portions
for Site HCAs of the system
Operating Pressure 515 How to determine the operating pressure h:slorjr fora
History line
Methodology for 516 The function of this technical document is to define the
Selection of RCV Sites Company's methodology for determining the location

of remote control valves (RCV) for the purpose of
improving response time and minimizing consequences
of pipeline emergencies. This methodology is
applicable to both existing facilities and new
construction.

: Pipeline Operating, Inspection, and Maintenance Procedures

Page 113 of 278

CLASS AP-CDI.3 | Detailed listing of responsibility for work and

DETERMINATION deliverables and work flows to create and maintain

PROCESS Class Location Maps

MAXIMUM AP-CD3.0 | Detailed listing of how to calculate and document a

OPERATING pipeline MAOP

PRESSURE

CALCULATION

Action Item Summary 1-1010 | Frequency that various pipeline inspections and

Sheet surveys should be conducted.

Gas Pipeline Shutdown 1-2010 | This procedure describes the requirements and the
sequence of events which must take place for a pipeline
O COmpressor station (o be removed from service.

Drying Gas Pipelines 1-2020 | This procedure describes the process for removal of
liquid from the pipeline.

Branch Connections - 1-3020 | This procedure describes the necessary

Hot Taps communications with Gas Control and the reporting
requirements associated with culting into an operating
pipeline and comnecting branch piping while the line is
under pressure, also called "hot tapping. "

Pipeline Road and Rail 1-3030 | This procedure describes the requirements and

Crossings procedures to install pipelines under existing roads and

railroads, or making provisions (o protect existing
pipelines that are to be crossed by new roads or
railronds.

The Risk Research Group, Inc.
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Document Title

Description

Changing Pipeline
Service Status

This procedure describes the activities associated with
deactivaling pipelines, abandoning pipelines in place or
by removal and maintaining pipelines which are
currently in inactive (idle), deactivated or
decommissioned status.

Upraling Steel Pipelines

1-3060

mmmhmﬂmm
Allowable Operating Pressure (MAOP) or Maximum
Operating Pressure (MOP) of an existing pipeline or a
deactivated pipeline that is to be reactivated. In
addition, it includes the studies, investigations, repairs,
alterations, tests, and documentation necessary.

Excavation and Backfill

1-4010

This procedure describes the steps required to safely
excavate and backfill eround existing Company
pipelines to prevent damage and provide adequate
support and protection 10 minimize the stresses acting
on the

Locating Buried
Pipelines Using
Electronic Line Locators

1-4020

the pipeline. _
This procedure provides guidance for locating and
temporary marking of buried Company pipelines. This
applies to all Jocate requests from third parties and
locates prior to excavation activities of Company
pipelines. Locating Company pipelines with electronic
line locators is intended to provide general location

1-5010

This procedure describes right-of-way maintenance
which protects the pipelines, permits access to the
pipelines, and sids in avoiding interference with the
land’s intended use. During patrols, any evidence of
erosion, scour, subsidence, or slides, or the potential for
any of these conditions to occur will be noted.

1-5020

This procedure describes the various methods used to
identify Company pipelines and related facilities, as

well s the activities involved with the placement and
mnfﬂ:d:ﬂu:ﬂmﬂhd:uflhnﬁm

operation.
This procedure describes the handling and testing of

pipeline solids which may be gathered from pigging
operations or during the changing of filters.

B-24 August 19, 2014
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Decument Title Document Description
Number

Clearing Freezes 1-5070 | This procedure describes how 1o provide a safe, proven
method for clearing pipeline freezes or blockages due
to water or hydrates.

Pipeline Pamrol and 1-6010 | This procedure describes the frequency of pipeline

Leakage Survey patrols and leakage surveys that will be conducted on

Frequency Criteria the pipeline system for onshore and offshore pipelines
that are in gas service, and for onshore pipelines that
are in idle service to ensure the safety of the pipeline.

Leakage Surveys 1-6020 | This procedure describes the methods for conducting

Utilizing Gas Detection and documenting leakage surveys on above and below

Equipment ground piping utilizing gas detection equipment.

Blasting Near Pipelines 1-6030 | How to protect pipelines from blastin tions.

Aerial Pipeline Patrol 1-6040 | This procedure describes the criterin for conducting and

- documenting aerial pipeline patrols.

Pipeline River and 1-6050 | This procedure describes the criteria for conducting and

Waterway Crossing documenting aerial pipeline patrols.

Surveys

Mining Subsidence and 1-6060 | The investigation of proposed mining activities or

Soil Slippage unstable soils can reduce the possibility of pipeline
domage due to earth movement and associated stresses,
by identifying potential problem areas and allowing
sufficient time to take preventive measures.

Right-of-Way 1-6070 | This procedure describes how to manage right-of-way

Encroachments encroachments which include foreign facility crossings.
These ourside forces could damage the pipelines or
leave thern vulnerable to future damape or an unsafe
operaling condition.

One-Call System 1-6090 | This procedure describes the guidelines to be used by

Response Area Manngement in preparing for and responding to
one-cal] notifications and line locate requests.

Direct Non-LDC 1-6100 | This procedure describes how to provide notification of

Customer Notification of buried piping to customers who receive gas directly

Burijed Pipelines from the Company and whose buried Service, Farm or
[ndusirial Lines are not owned by the Company.

Shutdown Worksheet Form used when a pipeline section must be taken off

Final. XL5 line and blown down

Corrosion Control, Inspection, and Remediation

August 19, 2014
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Document Title Document Description
Numsber

Action Item Summary 2-1010 | Lists the frequency that pipeline corrosion inspection

Sheet procedures should be used.

Glossary 2-1020 | The definitions used in the Company Manuals are
listed in the document. .

Tables and Formulae 2-1030 | For use on cathodic protection systems

Notes 2-1040 | Notes on various Comrosion Control Standard

ing Procedures

Structure-to-Electrolyte 2-2010 | It is used to evaluate the level of cathodic protection on

Potential Measurement 8 pipe or metallic structure.

Line Current Flow 2-2020 | These line current flow measurements are useful in the

Measurement overall evaluation of cathodic protection, interference
currents, and corrosion activity.

Shunt or Resistor Current |  2-2030 | Current flow determination is necessary (o evaluate

Flow Measurement comrosion activity, effectiveness of cathodic protection,
and the proper operation of rectifiers, galvanic anodes
and effectiveness of critical bonds.

Soil Resistivity 2-2040 | Soil resistivity measurements are used for anode bed

Messurement design, location of comrusive areas on bare pipe, and
evaluating the corrosivity of the soil.

pH Measurement 2-2050 | This procedure describes the testing methods to
determine the pH of a sample in the field.

Excthermic Weld 2-2060 | This procedure describes the requirements to perform
an exothermic weld,

Rectifier Inspection and 2-2070 | The purpase of a rectifier is to provide impressed

Maintenance current cathodic protection to underground metallic
structures. The procedure for inspection and
maintenance of these units is included in this
procedure.

Groundbed Specifications | 2-2080 | This procedure describes the installation and inspection

and Inspection of impressed current cathodic protection

Galvanic Anode 2-2090 | This procedure describes inspection of galvanic lmdns

nspection where anode lends and pipe contact leads ape
terminated in an accessible terminal box which allows
current output measurements and where anode leads
and pipe contact leads are buried, thus preventing
cuiTent output measurements.

Casing Isolation Testing 2-2100 | This procedure describes the tests for electrical short
circuits between casings and the carrier pipe at cased
pipeline locations.

The Risk Research Group, Inc.
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Document Title Document Description
Number

[nsulating Joint Isolation 2-2110 | This procedure describes the design considerations and

- Design Considerations lesting requirements for isolation joints for maintaining

and Testing electrical isolation between a pipeline and other
metallic structures.

Interference Testing and 2-2120 | This procedure describes the detection, measurement

Mitigation and mitigation of stray current interference from
foreign soarces, such os nearby pipeline cathodic
protection systems, direct cunrent powered transit
systems and mining operations.

Close Intervai Survey 2-2130 | The survey involves measuring the pipe-to-soil
potentials at varying distance intervals directly over a
pipeline.

Current Requirement 2-2140 | This procedure describes the determination of the

Testing approximate amount of current required to cathodically
protect a section of pipeline or any other underground
metallic struchure.

Grounding Cell 2-2150 | Grounding cells are protective devices which prevent

Inspection high voltage AC fault currents or high voltage surges
from damaging insulating joints and coated pipelines in
high voltage transmission line rights-of-way.

Coating Systems for 2-2160 | This procedure describes the application and

Buried or Submerged maintenance of coatings for buried or submerged

Piping : piping.

Critical Bond Inspection 2-2170 | A bond is an intentional metallic path between two or
more metallic structures capable of conducting
electrical current flow.

Annual Corrosion 2-2180 | This procedure describes how to conduct the Annual

Control Surveys Corrosion Control Survey of Company pipelines and
structures.

Measuring IR Drop 2-2190 | This procedure describes how to apply and interpret the
IR drop. IR drop caused by current flow in the
soil/coating is termed “electrolytic IR drop;” IR drop
caused by current flow In the pipe (metal) circuit is
termed *metallic [R drop.”

Application of Cathodic 2-2200 | Meeting any criterion or combination of criteria in this

Protection Criteria section is evidence that adequate cathodic protection

has been achieved.

The Risk Research Group, Inc.
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Document Title Docoment Description
Number
Induced AC — Safetyand | 2-2210 | How to measure and mitigate induced AC.

Cormosion

Earth Gradient 2-2220 | This procedure describes methods used to perform cell-

Measurement to-cell and side drain surveys.

Cathodic Protection 2-2230 | This procedure describes requirements for cathodic

System Design protection design.

Coating Fault Detection 2-2240 | This procedure describes how to use voltoge gradient

Surveys techniques (o [ocate coating defects on buried
pipelines.

[R Drop/Coupling 2-2250 | The survey involves measuring IR drop potentials at

Surveys varying distance intervals with probe rods in direct
connection to the coupled pipeline. This survey is
employed to determine continuity of bonds on coupled
pipelines.

Coating Resistance 2-2260 | This procedure describes testing methods for obtaining

Measurement coating resistance measurements.

Pipeline Current Mapper | -2-2270 | A Cwrrent Attenuation (CA) survey (also known as an

(PCM) for Current Electromagnetic Survey or a Pipeline Current Mapper

Attermation {PCM] Survey) is used to determine the relative

condition of a buried metallic pipeline.:

Pipeline Current Mapper 2-2280 | Alternating Current Voltage Gradient (ACVG) is a

(PCM) A-Frame For survey technique used to detect flaws or holidays in

Alternating Current buried pipeline coatinga.

Voltage Gradient

(ACVG) - !

Assessment of Pipeline 2-2250 | This SOP describes Lhe process used to assess the

Coating Using Direct condition of underground pipeline coatlng using Direct

Current Voitage Gradient Current Voltage Grodient (DCVG) survey techniques

(DCVQ) to identify coating flaws (holidays).

Pin Brazing 2-2300 | How to perform a pin brazing connection.

Internal Corrosion 2-2310 | Contains requirements and guidelines for inspection,

Monitoring and evaluation, monitoring and mitigation of internal

Mitigation corrosion on distribution, transmission, storage and
Jjurisdictional gathering lines within the Company
pipeline system.

Evaluation of Remaining 2-4020 | This procedure describes the details of those evaluation

Strength of Pipe with methods currently approved to determine the remaining

Metal Loss strength of pipe with metal loss.

The Risk Research Group, Inc.
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Document Title Document Description
Number

Infine Tool Pipeline 2-4030 | Describes inline inspection with magnetic flux leakage

Inspection (MFL) technology.

Buried Pipe [nspections 2-4040 | How to inspect buried pipelines for coating
deterioration or external corrosion.

Shorted Casing Repair 2-4050 | This procedure provides guidelines for remedial action

and Mitigation to be taken ot shorted casings which have been verified
to be shorted using an ed test method.

Physical Observations 2-4060 | Samples are for determining if internal corrosion is

and Collection of Liquid present.

and Solid Samples

Bacterial Corrosion Tests | 2-4070 | This procedure describes testing for the presence of
Sulfate Reducing Bacteria (SRB) and/or Acid
Producing Bacteria (APB).

Corrosion Control 2-4080 | Used when existing corrosion controls must be altered.

Remedial Action

Gas Sampling 2-4090 | Samples are for determining if internal corrosion is
present.

Water Detection 2-4100 | How to test for the presence of water in a liquid
sample.

Alkalinity Testing of 2-4110 | How to test for total alkalinity of a liquid sample.

Liquids

Dissolved CO2 Testing in | 2-4120 | How to test for carbon dioxide in a liquid sample.

Water :

Dissolved H2S Testing in | 2-4130 | How to test for hydrogen sulfide in a liquid sample.

Water -

Sulfide and Carbonate 2-4140 | How to test a sold for sulfides and carbonates.

Testing of Solids

Coupon Instailation and 2-4150 | How to install, remove, and analyze corrosion coupons.

Removal

Aboveground Coating 2-5010 | This procedure describes coatings for aboveground

Systems piping and equipment, such as aerial markers, casing
venls, milepost markers, pig traps, and valves and
fittings located in the Company right-of-way outside
and including the station suction and discharpe valves,

Atmospheric Pipe 2-5020 | How to inspect above ground piping for coating

Inspection deterioration or pipe comosion.

SOP's for Emergency Response and for Common Procedures

August 19, 2014
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Document Title Document Description
Number

Action [temn Summary S-1010 | Frequency that various emergency response procedures

Sheet should be conducted or maintained.

Area Emergency 5.2010 | This procedure provides the foundation for responding

Response Procedures to emergencies by Transmission (Operations)
Foundation elements include the SET US Cperations
Crisis Menagement Plan and Incident Command
Structure,

Emergency and Security 5-2020 | This procedure describes the requirements for

Event Simulation preparing and conducting emergency and security
event simulations.

investigation of Failures 5-2030 | This procedure and the SET U.S. Operations Crisis
Manegement Plan are to be implemented together to
enable Company personnel to analyze a systerm failure
of accident.

Safety-Related 5-2040 | This procedure list the conditions related to leaks,

Conditions Reporting darnage or defects that would potentially be reported as
o safery-related condition. It also explains the tests,
which should be administered to determine if a
reportable condition does exist, and defines the
reporting responsibilities.

Response (o Abnormal 5-2050 | This procedure describes how to respond in instances

Operations of abnormal operations.

DOT/BOEMRE Incident 5-2060 | This procedure describes the requirements for making

Reporting verbal and written ootification to the National
Response Cemter (NRC), DOT, BOEMRE, and state
agencies on Incidents (onshore or offshore) and
offshore damages.

Above Ground Facility — 5-2070 | This document specifies the minimum security

Minimum Secuxity practices for Compressor stations, Processing plants,

Practices Main line block valve, launcher and receiver sites,
Meter and regulator (M&R) stations, Reservoir and
cavemn storage wells, and Aerial pipeline crossings.

Releasing Security 5-2080 | The purpose of this document is to specify the

Sensitive Informatlon requirernents for processing the release of sensitive

information to Federal, State and local government
officials and agencies as well as private companies and
individuals. This document also specifies information
that is acceptable to distribute to the public without
TEVIEW,
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This procedure provides 2 program outline for a
comprehensive team based pipeline safety compliance
andit program. This program will include an audit
guide for compliance and SOP application review at
each Region and Area Office on a systematic periodic
basis.

Region Huricane
Response Plan

5-2100

This procedure defines the guidelines for the regions,
which are affected by hurricanes, 10 develop hurricane
response plans.

TSB/NEB Incident

5-2140

for reporting incidents, accidents and occurrences to
the Board of Canada

5-3010

This procedure describes purging requirements for
piping and other reiated equipment. There are three
reasons (o purge a pipeline.

1) Purging is performed to remove natural gas from
a pipeline and replace it with nitrogen or air.

2) Purging is performed to remove air or nitrogen
from the pipeline and subsequently replace it with
natural gas. Purging is necessary to minimize inert
constitucnts ip the gas and eliminate a potentially
combustible mixture of gas and air inside the pipeline.
3) Purging is also performed to evacuate gos away
from a pipeline tie-in.

Filter (Pipeline -
Operations, Maintenance

& Inspection)

This procedure describes safe standard procedures for
inspecting andfor removing and [nstalling gas pipeline
filter elements.

Pressure Testing

This procedure describes how pressure testing
substantiaies the Maximum Allowable
P'fuqnmaonndmiﬂudum&md

Pipe-Type and Boitle-

5-3060

This procedure describes provisions for the routine
testing of pipe-type or bottle-type holders as defined in
O&M Plan, Section 3.0. Pipe-type or bottle-type
holders must be monitored for adequate cathodic
protection levels to mitigate possible external corrosion
and must be checked for dew point of vapors contained

in the stored gas, that if condensed might cause internal

Page 121 of 278
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Document Title Document Description
Nember
COMmusion.
Hazardous Energy 5-3070 | This procedure is designed to meet requirements

Control (Lockout/Tagout)

established in OSHA 29CFR 1910.147. This purpose
of this procedure is to provide guidance to safely
perform service and/or maintenance on equipment
where the unexpected energizing, startup or release of

stored may OCCur.

Verification and 5-3080 | This procedure describes inspection, verification and

Certification of Test certification requirements for test equipment to

Equipment maintain operability and required accuracy.

Collection of Liquid and 5-3050 | This procedure describes the steps for obtaining and

Solid Samples and handling samples of liquids, and/or solids for internal

Physical Observations comosion evaluation and /or gas measurement
purposes.

Third Party Damage 5-4020 | This procedure describes third party damage which
incfudes, but is not limited to, any damages inflicted
upon the pipeline and its facilities by the encroachment
of foreign construction equipment, vehicular traffic,
welding operations, or nearby blasting. This procedure
is required to protect and maintain the servicesbility of
the pipelines and facilities.

Valve Inspection and 5-5010 | This procedure describes the activities associated with

Maintenance . valve inspection and maintenance. It aiso describes the
safe and proper operation of valves,

Valve Actuators 5-5020 | This procedure describes the safe and proper

(Automatic) - maintenance of automatic valve actuators.

Maintenance/ Inspection

Remotely Controlled 5-5030 | This procedure describes the methods of inspecting and

Valves inspection and maintaining the equipment that remotely control

Maintenance mainline valves.

The Risk Research Group, Inc.
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Overpressure Protection 5-6010 | This procedure describes the methodology utilized for

and Capacity Verification protecting both the Maximum Allowable Operating
Pressure (MAOP) and MAOP plus the build-up
allowed for operation of pressure limiting and coatrol
devices for all compressor siations, mainline piping,
and messurement and regulnting stations per the
pipeline regulations and other incorporated references.

Relief Valves - Testing, 5-6020 | This procedure describes the testing and inspection

[nspection and (T&I), and maintenance of relief valves used in naturs]

Maintenance gas, air and storage tank service.

Regulators and Control 5-7010 | This procedure describes the requirements for

Valves inspection, testing, maintenance and repair of pressure
regulators, pressure manitors, and flow control valves,

Controllers 5-7020 | This procedure describes the inspection, testing,
mainienance and repair of pneumatic and electronic
controllers.

Vaoult [nspection and 5-7030 | This procedure describes the activities associated with

Maintenance vault inspection.

Hot Work Permits 5-8010 | This procedure describes the activitics associated with
welding, cutting, ond electric power tools or other
spark-producing equipment in a classified work area.

Methanol Injection 5-9010 | This procedure describes the method for injecting
methanol into the pipeline at a measuring station.

Gas Control and Pipeline Operation Procedures

Initial Notification of 8-2010 | This procedure describes the requirements and the

Potentio] Emergency sequence of octions to be taken by Gas Control in the
event of an initial notification of a potential emergency
condition on the pipeline.

Emergency Response 8-2020 | Emergencics include pipeline rupture

Alerm Management 8-2030 | How to manage alarms received through the SCADA
system

Outage Management 8-2040 | An Onitage s any pipeline facility that becomes
unavailable for any reason.

Early Notification 8-2050 | How to prepare for and conduct Disaster Recovery

Disaster Recovery when given sufficient notification.

Short Notification 8-2060 | How to conduct Disaster Recovery with no notice.

Disaster Recovery

Auguse 19, 2014
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Document Tltle Document Description
Number
Abnormal Operating 8-2070 | How to respond to abnormal operations
Conditions
Shift Change 8-2080 | This procedure describes the requirements and

sequence of actions necessary to adequately brief the
incoming control room personnel after a shift change.

Change Management 8-2090 | Change Management of the equipment or operations of
: the pipeline.
Inspection, Testing, and Repair Specifications and Procedures
In-Line Tool Pipeline 9-2010 | An overview of inline inspection in the company.
Inspection
External Corrosion Direct | 9-2020 | The purpose of this procedure is to describe the process
Assessment (ECDA) of performing External Corrosion Direct Assessment

(ECDA) suxveys on identified pipeline segments. This
procedure is written in accordance with NACE SP
0502, “Pipeline External Corrosion Direct Assessment

Methodology™.
Dry Gas Intemnal 9-2030 | The purpose of this procedure is to describe the process
Corrosion Direct of performing the Dry Gas Internal Cormrosion Direct
Assessment (ICDA) Assessment (DG-ICDA) methodology on specified

pipeline segments carrying normally dry gas. This
procedure is in accordance with Federal Rulemaking on
integrity management for gas pipelines (49 CFR Pant
192 and ASME/ANSI B31.85-2001) and NACE SP
0206, “Internal Corrosion Direct Assessment (ECDA)
l&ledlodnlogy for Pipelines Carrying Normally Dry

e

Stress Corrosion 9-2040 Tl‘ltl;ulpnuufr.his procedure is to describe the process
Cracking Direct that the Compeny uses 10 perform Stress Cormosion
Assessment (SCCDA) Cracking Direct Assessment (SCCDA) on identified

pipeline segments. This procedure is wrilten in
accordance with NACE RP0204-200M, “Siress
Comosion Cracking Direct Assessment Methodology™. |
Hydrostatic Testing for 9-2050 | This procedure details the Company's methods and
Stress Corrosion requirements for conducting hydrostatic testing to
Cracking - verify the imegrity of & pipeline by testing sections that
have shown evidence of stress corrosion cracking
(SCC) as leaks or failures, Category 2,3 and 4 SCC
found during direct examination of the pipeline, or may

The Risk Research Group, Inc. B-M August |9, 2014
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Number
have a higher vulnerability to SCC due to historical
operating conditions.

Direct Examination 9-2060 | The purpose of this procedure is to describe the process
of performing the Direct Examination (DE)
methodology on specified pipeline segments carrying
natural gas.

Assessment of Pipeline - | 9-2070 | This SOP describes the process to assess the integrity

Segments Using Guided of pipeline segments using the guided wave ultrasonic

Wave UT testing process (GWUT). GWUT may be used to
assess above ground, buried, or cased pipe.

Response to In-Line 9-3010 | This procedure describes the process for evaluating

Inspection anomalies that are detected by in-line inspection tools,
the process to determine which anomalies will be
selected for direct examination, and a prioritized
schedule for conducting the excavation.

Monitoring and 9-3020 | This procedure outlines the requirements for

Mitigation (ECDA,) conducting an extemal comosion direct assessment on
certain segments of the Company's pipeline system.
Contained within this SOP are plans for addressing
immediate, scheduled and monitored indications which
were identified as part of the assessment process.

Defect Assessment & 94010 | This document covers guidelines for the evaluation of

Repair Options for internal corrosion for pipelines carrying natural gas to

Internal Corrosion ensure pipeline integrity. The methodology is
applicable to pipelines which are in gas service and can
only be inapected manually, or with automated
instrumentation, from the exterior of the pi

Defect Assessment & 9-4020 | This procedure describes the process for examining and

Repair Options for evaluating external corrosion anomalies. This

Extemnal Corrosion procedure describes details of those evaluation methods
currently approved to determine the remaining strength
of pipe with metal loss.

August 19, 2014
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Direct Examination & 9.4030 | This procedure provides guidance to personnel

Repair Options for Stress performing direct examination (nondestructive

Corrosion Cracking examination and assessment) of exposed underground
pipelines far stress corrosion cracking (SCC)-

Defect Assessment & 9-4040 | This procedure defines a methodology for field

Repair Options for Dents assessment of plain dents and dents interacting with

and Mechanical Damage other defects in natural gas pipelines. Provisions of
ASME B31.8-2007 §851.41 - §851.43 are
incorporated.

Defect Assessment & 9.4050 | This procedure provides guidance for the assessment of

Repair Options for exposed pipelines for miscellaneous defects.

Miscellaneous Defects Miscellaneous defects are generally the result of pipe
manufacturing defects, construction damage, or
obsolete construction practices.

Magnetic Particle 9-4060 | This procedure contains recommendations for

Inspection of Pipelines performing Magnetic Particle Testing (MT) inspection

for Surface Cracks for the purposes of detecting pipeline surface cracks
including all forms of SCC. The recommended method
for inspecting Company pipelines is the water based,
wet visible black-on-white contrast method.

Ultrasonic Inspection of 9-4070 | Either manual or automated ultrasonic inspection (UT)

Line Pipe con be used to identify and quantify corrosion on line
pipe.

CorrEval Software & 9-4110 | The CorrEval spreadsheet provides a method for

User's Guide calculating the failure pressure levels of longitudinally
otiented part-through flaws of varying depths in
pressurized pipe. The method js applicable 1o blunt
defects such as comrosion-caused metal loss.

Mechanical Damage 9-4120 | The Company developed Excel spreadsheet programs

Assessment Sofiware & utilizing ASME B31.8-2007 equations for dent

User's Guide curvature strain assessment, and cajculating maximum
ailowsble grinding repair lengths.

Pipeline Repair - 9-5010 | This procedure outlines the approved pipeline repair

Procedures methods available for existing pipelines and details the

sleps required to perform each repair method for
damaged or defective pipe. Area Management shall
supervise all repairs to ensure that the work is done in
accordance with Compeny procedures.




USCA Case #16-1081  Document #1636984 Filed: 09/21/2016  Page 127 of 278 3
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Repair Slecve Design 9-5020 | This procedure should be used in conjunction with SOP i

#9-5010, “Pipeline Repair Pracedures”, and provides
the engineering requirements for design of ful
encirclement, steel repair sleeves used as temporary or
permanent repairs of comosion, mechanical damage,
weld defects, or material defects in pipe.
Clock Spring Procedures 9-5030 | This procedure presents the requirements and
procedures for the installation, inspection and removel
of Clock Spring composite wraps and is a supplement by
to the criteria set forth in Section 4.0 of SOP #9-5010,
“Pipeline Repair Procedures”. L
Specifications and Procedures for Pipeline Projects including i
Construction, Procurement, and Inspection

1

Onshore Pipelines and CS-PLL.7 | Specification for the construction of onshore natural
Meter Stations gas pipelines.
Onshore Compressor CS-CS1- | Specification for the coating of above and below
Stations - Pointing And 4.4 ground piping. _
Coating g
Quality Assurance IS-QP1.0 | The Spectra Energy Quality Assurance plan for the 1
nspestion Plan For purchase of line pipe and coatings in the United States ol
Purchase Of API Pipe of America covers manufacture and testing at the pipe -g'"
And FBE Coating mill, shipping the pipe to the coating mill, costing the
pipe at the coating mill, load-out of pipe from coating
s mill to method of transport.
Valves 1S-IVI.1 | Valve inspection procedure at the manufacturer
Ultrasonic Weld Seam IS-IP2.0 | This specification is established 1o outline the
Inspection Of ERW responsibilities of the ERW linepipe inspection
Linepipe contractor in fulfilling the requirements for ty
supplemental ultrasonic weld seam inspection. This ,.-*""t
supplemental inspection is 10 be performed in addition et
to all other weld seam inspection conducted by the pipe b3
manufacturer and shall be in accordance with Company
requirements and the American Petroleum Institute
(API-5L).
Pipe 15-IP1.1 | Pipe inspection procedure at the pipe mill

- .1;,5.__!‘{5“ I---"—-,I e
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Document Title Document Deseription
Number
General - [S-1G2.1 | This specification outlines the formats, procedure for
Materiol/Equipment submittal and submittal schedule for the inspection
Inspection Reporting reports required by the Company for inspections of
Requirements material/equipment at a Manufacturer’s facility.
General - IS-1G1.1 | This speciﬁcuion outlines the responsibilities and
Material/Equipment general requirements of the Third Party Inapection
[nspection Requirements Company and its representatives as representatives of
Spectra Energy Transmission in a material/fequipment
- | inspection capacity at a Manufacturer's facility.
Fabrications [S-[F2.1 | Fittings and flanges inspection at the manufacturer
Fittings And Flanges [S-[F1.1 | Fabricated items inspection at the manufacturer
Coating - Induction IS-IC4.1 | Inspection of FBE coated induction bends at the
Bends, Fusion Bonded coating yard
Epoxy
Couting - Concrete And [5-1C3.1 | Inspection of the concrete coating and anodes at the
Anode coating yard i
Conting - Fusion Bonded | [S-IC2.1 { Inspection of FBE coating on pipe at the coating yard
Epoxy
Coating - Internal IS-IC1.1 | Inspection of the internal at the coating vard
Induction Bends IS-IB1.1 | Inspection of induction bends at the bend manufacturer
Pipeline/Plant IG-CIM.1 | An overview of inspection methods and form intended
Constrection Inspection for use on construction projects.
Manngl - Introduction
Facility Audit Report TS-711.0 | Form to be used when auditing a supplicr or
manufacturer
Fabrication Surveillance Form to be used when inspecting equipment at a
Inspection Checklist manufacturer
Assessment Document Form requesting data related to safety and quality from
List a manufacturer
Pipe, Double Submerged | ES-PP3.9 | Specification for API 5L pipe
Arc Weld
Audit Protocol AP- How 1o perform a plant audit of an unapproved
AM2.1 | manufacturer
Onshore Compressor CS-CS1- | Specification for hydrostatic testing of above and
Stations - Pressure 194 | below ground piping.
Testing _

B-38 August 19, 2014
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SECURITY-RELATED INFOAMATRON—WHHHOLD-UNBER 10 CFR 2080

Document Title Document Description
Number
Pressure Testing DP-CT1.3 | Pipeline specific hydrostatic testing requirements lo
ensure compliance with DOT requirements.
Non-Destructive Cs- Minimum requirement for the NDE of welds
Examination NDEL.D
Radiography CS- Minimum requirement for radiographic inspection of
NDE2O | welds
Pressure Testing Of Gas | TP-CT-L.5 | This procedure provides detailed process requirements
Transmission Facilities for conducting 2 Pressure Test for Company pipeling or
station facilities and provides the criteria for acceptance
and documentation of a Pressure Test.

In addision to the above SOP's AGT (Spectra) has stated they will also incorporute the following
items during the engineering, procurement and construction of the AIM pipeline project.

a) Quality Assurance/Quality Control (QAMQC) Procedures for the engineering, design,
procuzement, fabrication and construction.

b) The latest state of the ant cathodic protection (CP) systems will be designed and installed
by an experienced third party contactor and CP surveys will be conducted in accordance
with DOT Pant 192 requirements.

c) A robust AC mitigntion system will be engineered and installed in areas where the
pipeline will be instafled adjacent, paraltel and crosses high voliage power lines in the
area near [PEC, )

d) The pipeline coatings will he 100% inspected eleciromically as the pipeline is lowered
into the ground.

¢} An Adtemnating Current Voltage Gradient (ACYG) or Direct Current Voliage Gradient
(DCVG) survey will be performed to ensure coaling integrity following pipe installation
and backfil}.

f) Inline imspections {ILI) or smart pig surveys will be conducted as described in the
Integrity Mansgement Plan and will be conducted as ofien s required by Federa!
Pipeline Integrity Rules and Regulations and ASME B31.85.

g) The pipeline will be patrolled on a weekly basis per DOT Part 192 1o identify possible
unapproved encroachments on the ROW,

The Risk Research Group, Inc. B-3% August 19, 2014




USCA Case #16-1081  Document #1636984 Filed: 09/21/2016  Page 130 of 278

e 2 2

A
T T
-

Tl A P " —

h) Spectra is also a member of the one-call {“call before you dig™) system which is
monitored continuously by full-time trained personnel who respond to these calls daily
and approved excavations are monitored/supervised by trained inspectors.

i) Operating pressures will be limited to the pipeline maximum allowabie operating
pressure (MAOP) by the activation of automatic overpressure alarms, shutdown of
upstream compressors and isolation devices.

L ol
L 3 =
= senn N

j} Pipeline failures will be detected sutomatically and immediate alarms will be sent to
Spectra’s 24/7 control operator who will 1ake the appropriate action in accordance with
Spectra’s SOP's.

k) 100% of all welds along the segment of pipe near [PEC assets will be radiographed and
approved by trained X-ray technicians.

I} The completed pipeline will be subjected to a hydrostatic test continuously for 8 hours in
accardance with 49 CFR 192 and Spectra’s SOP's.

m) The pipeline will be periodically swept of rapped quuid{using swabs or pigs designed
for this purpose.

The Risk Research Group, Inc. B-40 August 19, 2014
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Exhibit B
Pipeline Design Enhancements Proposed by Spectra for IPEC
(in Response to Entergy Questions)
Question Typical Gas IPEC Enhanced Remarks
Pipeline Instalintion/design
Ins
Pipe pressure safety 49 CFR § 192.111: | Pipe to be used for-
Factors (include national | Class location I, 3935’ for Entergy
design standard) design factor 0.72 — | will exceed design
equates to 72% factor for Class 4,
Specified Minimum | design factor 0.4 -
Yield Strength equates to 40%
(“SMYS"). Class SMYS. Proposed
location 3, design 0.720" wall thickness
factor 0.5 — equates | (“Wt™) pipe equates
to 50% SMYS. 10 36% SMYS.
Pipe material type Pipe Grade will be X- | Pipe Grade will be X-
(include national design | 70, 70,000 psi 70. In addition, pipe
standard) minimum yield is procured from
strength and 82,000 | vendors who have
psi minimum tensile | passed a stringent
strength, all quality audit, and
manufactured to APl | full-time mill
SL PSL-2 standards. | inspection iz
performed by AGT
during pipe
production. AGT
pipe specifications
require additional
quality testing and
integrity
requirements above
and beyond API-5L
. standards.
Pipe thickness 0.469" wt for Class | | 0.720" wt - exceeds | Class 4 required wit is
and 0.510” wt for Class 1 and Class 3 | 0.6375™ for X-70.
Clnss 3 requirements The proposed 0.720"
wt exceeds Class 4

The Risk Research Group, Inc.
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Exhibit B
Pipeline Design Enbuncements Proposed by Spectra for IPEC
(in Respoase to Entergy Questions)
Question Typical Gas IPEC Enbamced Remarks
1
nstaliation/design
requirements, the
most stringent DOT
b classification.
Coating material and Standard coating to | Enhanced coating ARO will provide for
design details, include | be Fasion Bond will be dual layer enhanced protection
specifications Epoxy (“FBE"™) FBE and Abrasion during installation
coating, 16 mils (one | Resistant Overlay and provide
thonsandth of an (ARDO™) with a additional commosion
inch) nominal (14 nominal thickness of | protection. Spectra
mils is industry 24 mils. AGT will has indicated this
standard). specify 40 mils of will be changed to a
coating consisting of | combined thickness
16 mils of FBEand | of 25mils (min.), See
24 mils of ARO. Exhibit C.
Depth of pipe, show via | 3' cover typical and | 4’ cover along with | See Exhibit C
skeich mats, over lay, required by the DOT | physical concrete mat
etc. Code (49 CFR § basrier protection
192.327) installed 2° below
grads (1o bottom of
slab).
Concreie mat cover Not required 2 parallel sets of fiber | See Exhibit C
details, width, thickness, reinforced concrete
compogition, etc. slaba (dimensions 3'x
8'x 6”) along the
pipeline with a 1’
separation over the
center of pipe.
Spectra’s design from earthquakes in | earthquakes in the
takes into sccount the range experienced | eastern United States
seismic in the eastern United | are of much lower
considerations States do not pose a | magnitude than the
(Note additiona| risk for high-strength | quakes on the west
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Exhibit B
Pipeline Design Enhancements Proposed by Spectra for IPEC
(in Response lo Entergy (Questions)
Question Typical Gas [PEC Enbanced Remarks
Pipeline Installation/design
Installation/design
response received welded steel coast where the gas
from Spectra for this | pipelines, transmission
item shown on the pipelines have
last page of this proven 10 operate
Exhibit B) safely using the same
pipeline design
methods.
Radiography of welds 10% for Class |; 100% for Class | and
100% for Class 3 Class 3
Additional misc. safety | Not Required Yellow waming tape | See Exhibit C
features i.¢., safety tape will be placed in two
layers — one layer at
the top of concrete
slabs and another
layer 1" above the
pipe. Weaming
ribbons will be a
minimum of 18
wide.
Backfill details, color, | Standard AGT instalf physical
material, etc. Construction concrete mat barvier
Specifications for protection 2" below
backfill. grade (lo bottom of
slab). Other backfill
will be in accordance
with AGT -
Construction
Specificalions.
Coating integrity A coating foult test [n addition 10
assessment following ("leeping™ of pipe | Jeeping, AGT will
pipeline installation will be performed conduct a DCVG
{such as ACVG & prior to backfill and | survey, following
DCVG) any coating faults partial backfill, prior

Auvgust 19, 2014
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Exhibit B
Pipeline Design Enhancements Proposed by Spectra for IPEC
(in Response (o Enlergy Questions)
Question Typical Gas IPEC Enhanced Remarks
Pipeline Installation/design
Installation/design
will be repaired. to installation of
concrete slabs and
any coating faults
" will be repaired.
Mitigation of AC Provisions for AC AGT is in the process
induced current from Mitigation of modeling the AC
high voltage power interference along the
lines. propased pipeline
route, An AC
ihiestion design will
include the ~ 4,290
feet of pipe in this
area to address any
AC corrosion or
personnel safety
CONCEImS.
Minimizati iti No special measures | The proposed pipe Historically, the
of internal corrosion required will contain an existing pipeline
internal coating. sysiem runs quite dry
and has never
exhibited any signs
of internal corrosion
problems. Quality of
gas al receipt points
is monitared o
ensure the absence of
corrosive
components.
Cleaning pigs are run
on a regular basis to
remove any
accumulated
material.
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Additonal response from Specira regarding seismic considerations:

""The potential for geologic hazards, including seismic events, to significantly affect construction
or operation of the proposed Project facilities is low. Although the Ramapo Fault has been
linked to recent earthquake occurrence in the area, the design of the pipeline takes into

- consideration site-specific conditions, including earthquakes. The recorded magnitude of
earthquakes in the Project area is relatively low and the ground vibration would not pose a
problem for a modemn welded-steel pipeline”

The Risk Research Group, Inc. B-45 August 19, 2014
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Exhibit C

AGT Pipe Enhancement Cross-Section for Entergy
NOT TO SCALE

Extemal Coatng—FBEARD
25 rrils combrad (Min |

Irbmrrunl Cemslang -
FBE 1 5 mis (Nomnal)

The Risk Rescarch Group, [nc. B-46 August 19, 2014




FOIRFPA REOLIERT

USCA Case #16-1081  Document #1636984 Filed: 09/2w% Pag@;lé,sf
FOIA Resource ‘
From: Susan Van Dolser(b) (6) m s R NN o
Sent: Thursday, December 04, 2014 8:41 AM Rolated Cagy:
To: FOIA Resource N T -
Subject: WWW Form Submission

Below is the result of your feedback form. It was submitted by
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NRC Internal Email from D. Beaulieu to D. Pickett
(April 27, 2015)
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Turkey Point Units 6 and 7 COL Application,
Part 2 - FSAR at 2.2.2-2.2.-25
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Part 2 — FSAR

SECTION 2.2:
NEARBY INDUSTRIAL, TRANSPORTATION, AND MILITARY FACILITIES

TABLE OF CONTENTS
2.2 NEARBY INDUSTRIAL, TRANSPORTATION, AND MILITARY
FACILITIES ..ttt e e 2.2-1
221 LOCATIONS AND ROUTES ......oiiiiiiiiiiieiiiieee e 2.21
2.2.2 DESCRIPTIONS .o 2.2-3
2221 Description of Facilities ..o 2.2-3
2222 Description of Products and Materials ................ccoooinn. 2.2-3
2223 Description of Pipelines ... 2.2-5
2224 Description of Waterways ... 2.2-6
2225 Description of HIgQhways ... 2.2-7
2226 Description of Railroads ..o 2.2-8
2227 Description of AIrPorts .......cooeiiiiiiiiii e 2.2-8
2228 Projections of Industrial Growth ............cccociiiiiiiiiiee, 2.2-15
2.2.3 EVALUATION OF POTENTIAL ACCIDENTS .....ccciiiiiieeeeee e, 2.2-15
2.2.31 Determination of Design-Basis Events ..........ccccocoiiiiiinns 2.2-16
2232 Effects of Design Basis Events ...........ccccoiiiiiiiiiine 2.2-46
2.2.4 COMBINED LICENSE INFORMATION ......oooiiiiiiiiiieeieee e 2.2-47
225 REFERENCES ... ..o 2.2-47

2.2 Revision 0
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SECTION 2.2 LIST OF TABLES

Number Title

2.2-201 Description of Facilities — Products and Materials

2.2-202 Onsite Chemical Storage Units 1 through 7

2.2-203 Offsite Chemical Storage — Homestead Air Reserve Base

2.2-204 Units 6 & 7 Pipeline Information Summary

2.2-205 Hazardous Chemical Waterway Freight, Intracoastal
Waterway, Miami to Key West, Florida

2.2-206 Aircraft Operations — Significant Factors

2.2-207 Units 1-5 Onsite Chemical Storage — Disposition

2.2-208 Units 6 & 7 Onsite Chemical Storage — Disposition

2.2-209 Offsite Chemicals, Disposition — Homestead Air Reserve
Base

2.2-210 Transportation — Navigable Waterway, Turkey Point
Lateral Pipeline, and Onsite Transportation Route —
Disposition

2.2-211 Atmospheric Input data for the ALOHA Model

2.2-212 ALOHA Meteorological Sensitivity Analysis Inputs

2.2-213 Design Basis Events — Explosions

2.2-214 Design-Basis Events, Flammable Vapor Clouds (Delayed

Ignition) and Vapor Cloud Explosions

2.2-215 Design-Basis Events, Toxic Vapor Clouds

2.2-i Revision 0
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Number itle
2.2-201 Site Vicinity Map
2.2-202 Airport and Airway Map
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PTN COL 2.2-1

STD DEP 1.1-1

PTN COL 2.2-1
PTN COL 3.5-1
PTN COL 3.3-1

COL Application
Part 2 — FSAR

2.2 NEARBY INDUSTRIAL, TRANSPORTATION, AND MILITARY FACILITIES

This section of the referenced DCD is incorporated by reference with the following
departures and/or supplements.

The purpose of this section is to establish whether the effects of potential
accidents onsite or in the vicinity of the 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.
Facilities and activities within the vicinity, 5 miles, of Turkey Point Units 6 & 7 were
considered to meet the guidance in RG 1.206. Facilities and activities at greater
distances are included as appropriate to their significance.

Subsection 2.2.1 of the DCD is renumbered as Subsection 2.2.4 and moved to
the end of Section 2.2. This is being done to accommodate the incorporation of
RG 1.206 numbering conventions for Section 2.2.

2.2.1 LOCATIONS AND ROUTES

Potential hazard facilities and routes within the vicinity (5 miles) of Units 6 & 7, and
airports within 10 miles of Units 6 & 7 are identified along with significant facilities
at a greater distance in accordance with RG 1.206, RG 1.91, RG 4.7, and relevant
sections of 10 CFR Parts 50 and 100.

An investigation of the potential external hazard facilities and operations within 5
miles of Units 6 & 7 concluded there is one significant industrial facility associated
with a military installation identified for further analysis. An evaluation of major
transportation routes within the vicinity of Units 6 & 7 identified one natural gas
transmission pipeline system and one navigable waterway for assessment
(References 204, 206, 207, and 208).

Potential hazard analysis of internal events includes Units 1 through 5 and onsite
chemical and chemical storage facilities associated with Units 6 & 7 along with an
onsite transportation route.
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A site vicinity map (Figure 2.2-201) details the following identified facilities and
road and waterway transportation routes:

Significant Industrial and Military Facilities Within 5 Miles
e Turkey Point Units 1 through 5

e Homestead Air Reserve Base

Transportation Routes Within 5 Miles

e Onsite transportation route

e Miami to Key West, Florida Intracoastal Waterway

e Florida Gas Transmission Company, Turkey Point Lateral Pipeline and
Homestead Lateral Pipeline

An evaluation of nearby facilities and transportation routes within 10 miles of
Units 6 & 7 revealed that there are no additional facilities significant enough to be
identified as potential hazard facilities. (References 207, 224, and 225)

Potential hazard analyses of airports within 10 miles of Units 6 & 7 are identified
along with airway and military operation areas. There are two airports within 10
miles of the plant and one airway identified whose centerline is located
approximately 5.98 miles from the plant identified for further analysis.
(References 209, 210, 223, and 240)

Figure 2.2-202 illustrates the following identified airports and airway routes within
10 miles of Units 6 & 7, including:

Airport and Airway Routes Within 10 Miles

e Turkey Point Heliport
e Homestead Air Reserve Base
e Ocean Reef Club Airport

e Airway V-3
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There are no identified hazard facilities, routes, or activities greater than 10 miles
that are significant enough to be identified (References 207, 223, 224, 225, and
240).

Items illustrated in Figures 2.2-201 and 2.2-202 are described in
Subsection 2.2.2.

222 DESCRIPTIONS

Descriptions of the industrial, transportation, and military facilities located in the
vicinity of Units 6 & 7 and identified in Subsection 2.2.1 are provided in the
subsequent subsections in accordance with RG 1.206.

2221 Description of Facilities

In accordance with RG 1.206, two facilities, along with the onsite chemical and
chemical storage facilities associated with Units 6 & 7, were identified for review:

e Turkey Point Units 1 through 5
e Homestead Air Reserve Base

Table 2.2-201 provides a concise description of each facility, including its primary
function and major products, as well as the number of people employed.

2222 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 following subsections. In accordance with RG 1.206, chemicals
stored or situated at distances greater than 5 miles from the plant do not need to
be considered unless they have been determined to have a significant impact on
the proposed facilities.

The South Florida Regional Planning Council, Emergency Management Division,
was contacted to obtain information regarding offsite chemical storage. The EPA's
Envirofacts/Enviromapper database was also queried to ascertain if other facilities
of significance existed in addition to the facilities identified after evaluating the
Superfund Amendments and Reauthorization Act (SARA) Title Ill, Tier Il reports
obtained from South Florida Regional Planning Council. Other than the Turkey
Point Units 1 through 5 site, there was only one identified external facility,
Homestead Air Reserve Base, within 5 miles of the Turkey Point site with
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hazardous material storage in quantities identified as meeting SARA Title Il Tier Il
reporting requirements. A review of SARA reports encompassing an area
extending out from Units 6 & 7 with a minimum radius of 7.24 miles out to a
maximum radius of 28.45 miles inclusive of the following zip codes: 33035, 33033,
33032, 33039, and 33037revealed that there are no other facilities or storage
locations identified that could have a significant impact on Units 6 & 7. The
evaluation for those facilities located greater than 5 miles from Units 6 & 7 was
based on identifying whether any of these facilities contained highly toxic, highly
volatile chemicals not bounded by the onsite storage of these chemicals with risk
management program calculated endpoint distances of at least 25 miles
(References 224, 225, and 226). Therefore, further analysis beyond these two
facilities and the onsite chemical storage facilities associated with Units 6 & 7 is
not required.

2.2.2.21 Turkey Point Plant

Units 1 through 5 are located on the approximate 11,000-acre Turkey Point plant
property. Units 1 and 2 are gas/oil-fired steam electric generating units; Units 3
and 4 are nuclear powered steam electric generating units; and Unit 5 is a natural
gas combined cycle plant. The two 400 MW (nominal) gas/oil-fired steam electric
generation units have been in service since 1967 (Unit 1) and 1968 (Unit 2).
These units currently burn residual fuel oil and/or natural gas with a maximum
equivalent sulfur content of 1 percent. The two 700 MW (nominal) nuclear units
are pressurized water reactor units that have been in service since 1972 (Unit 3)
and 1973 (Unit 4). Unit 5 is a nominal 1150 MW combined-cycle unit that began
operation in 2007 (Reference 244).

Units 6 & 7 are located southwest of Units 1 through 5 as delineated on the site
area maps (Figures 2.1-203 and 2.1-205).The center point of the Unit 6 reactor
building is approximately 215 feet west and 3625 feet south of the center point of
the Unit 4 containment.The chemicals identified for possible analysis and their
location associated with Units 1 through 5 and the onsite chemical storage
facilities associated with Units 6 & 7 are presented in Table 2.2-202. The
disposition of hazards associated with these chemicals is summarized in

Tables 2.2-207 and 2.2-208 and the subsequent analysis of these chemicals is
addressed in Subsection 2.2.3.

222272 Homestead Air Reserve Base

The Homestead Air Reserve Base is located approximately 4.76 miles
north-northwest of Units 6 & 7 (Figure 2.2-201). Construction of a fully operating
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military base (Homestead Army Air Field) began at the current Homestead Air
Reserve Base site in September of 1942 to serve as a maintenance and fueling
stopover for aircraft headed overseas during World War II.

Today, the 482nd Fighter Wing, the host unit of Homestead Air Reserve Base,
continues to support contingency and training operations of U.S. Southern
Command and a number of tenant units including Headquarters Special
Operations Command South, U.S. Coast Guard Maritime Safety and Security
Team, and an air and maritime unit of U.S. Customs and Border Protection. The
Homestead Air Reserve Base is a fully combat-ready unit capable of providing
F-16C multipurpose fighter aircraft, along with mission ready pilots and support
personnel, for short-notice worldwide deployment. In addition, the Homestead Air
Reserve Base is home to the most active North American Aerospace Defense
Command alert site in the continental United States, operated by a detachment of
F-15 fighter interceptors from the 125th Fighter Wing Florida Air National Guard.

The Homestead Air Reserve Base has 2365 total personnel including 267
active-duty personnel, 1245 Air Force Reserve Command and National Guard
personnel, 779 civilians, and 74 civilian contractors (References 202 and 203).
The chemicals stored at the Homestead Air Reserve Base identified for possible
analysis are presented in Table 2.2-203. The disposition of hazards associated
with these chemicals is summarized in Table 2.2-209 and the subsequent analysis
of these chemicals is addressed in Section 2.2.3.

2223 Description of Pipelines

There are two natural gas transmission pipelines operated by Florida Gas
Transmission Company within 5 miles of the plant as depicted in Figure 2.2-201.
The Florida Gas Transmission Company owns and operates a high-pressure
natural gas pipeline system that serves FPL and other customers in south Florida.
Two of the pipelines, the Turkey Point Lateral and the Homestead Lateral, are
located within 5 miles of Units 6 & 7. A more detailed description of the pipelines
are presented in the following subsection, including the pipe size, age, operating
pressure, depth of burial, location and type of isolation valves, and type of gas or
liquid presently carried. Information pertaining to the various pipelines is also
presented in Table 2.2-204.

2.2.2.31 Florida Gas Transmission Company/Turkey Point Lateral Pipeline

The Florida Gas Transmission Company Turkey Point Lateral is a 24-inch
diameter pipeline that was installed in 1968. The pipeline operates at a maximum
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pressure of 722 pound-force per square inch gauge (psig) and provides gas
service to Turkey Point’s gas-fired power plants. The pipeline is buried to an
approximate depth of 42 inches below grade. The nearest isolation valve is
located approximately 11.8 miles from the south end of the 24-inch Turkey Point
Lateral. The isolation valve is manually operated. At the closest approach to
Units 6 & 7, the Turkey Point Lateral pipeline, depicted on Figure 2.2-201, passes
within approximately 4535 feet of the Unit 6 auxiliary building. The Turkey Point
Lateral transports natural gas and there are not any future plans to transport any
other products (Reference 204).

2.2.2.3.2 Florida Gas Transmission Company/Homestead Lateral Pipeline

The Florida Gas Transmission Company Homestead Lateral is a 6.625-inch
diameter pipeline that tees off of the 24-inch Turkey Point Lateral approximately
3 miles north of the Turkey Point site and extends in a westward direction to
provide gas service to the City of Homestead. The Homestead Lateral was
installed in 1985, and also operates at a maximum pressure of 722 psig. This
pipeline is buried to an approximate depth of 42 inches below grade. There is a
manually operated isolation valve located just downstream of the 24 inch by 6 inch
tee at the take-off of the Homestead Lateral. The Homestead Lateral transports
natural gas and there are not any future plans to transport any other products
(Reference 204). Because of the proximity and diameter of the Turkey Point
Lateral pipeline in comparison to the Homestead lateral pipeline, the Turkey Point
Lateral pipeline presents a greater hazard, and as such, the Turkey Point Lateral
pipeline analysis is bounding and no further analysis of the Homestead Lateral
pipeline is warranted.

2224 Description of Waterways

Units 6 & 7 are located on the western shore of south Biscayne Bay. Biscayne Bay
is a shallow coastal lagoon located on the lower southeast coast of Florida
(Reference 258). The bay is approximately 38 miles long, approximately 11 miles
wide on average, and has an area of approximately 428 square miles
(References 259 and 260). On the southern portion of the Biscayne Bay where
Units 6 & 7 are located, the bay is approximately 8 miles wide and 9 miles long
and extensive sandbars exist. South Biscayne Bay is separated from Card Sound
to the south by a sandbar area encompassing the Arsenicker Keys and Cutter
Bank. The nearshore shallow areas of the western side of south Biscayne Bay are
generally less than 5 feet deep (Reference 205).
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The Biscayne Bay contains the Miami to Key West, Florida Intracoastal Waterway.
The only commodity transported on the Miami to Key West, Florida Intracoastal
Waterway is residual fuel oil. In 2005, there were 611,000 short tons of residual
fuel oil transported, and the entirety of this commodity was delivered to the Turkey
Point plant (Table 2.2-205, Reference 206).

The Turkey Point turning basin is approximately 300 feet wide, 1200 feet long and
approximately 20 feet deep (Reference 205)The Turkey Point fuel unloading dock
is located on the north side of the turning basin. The concrete constructed fuel oil
dock at the Turkey Point plant can handle one barge at a time. Residual fuel oil is
delivered exclusively by barges that typically are approximately 228 feet long, 54
feet wide, and have a draft of 6.5 feet when loaded. This size barge will transport
approximately 18,000 barrels of oil. Residual fuel oil is unloaded from the barges
to the two fuel oil storage tanks located north of the unloading dock. In a typical
week, five to seven deliveries of oil may be made and each delivery requires
about 5 hours to unload. Because the storage of residual fuel oil at the Turkey
Point site, two 268,000 barrel tanks, exceeds the quantity transported by a barge,
the storage tanks present a greater hazard, and as such, the analysis of residual
fuel oil located in the storage tanks is bounding and no further analysis of the
residual fuel oil transported by the barge is warranted.

2225 Description of Highways

Miami-Dade County is traversed by several highways. Interstate 95, U.S.
Highway 1 and the Florida Turnpike (State Road 821) are the major transportation
routes for north-south traffic flow in the county. The major route for east-west
movement is U.S. Route 41 which crosses the middle of the county

(Reference 207). Main access to the Turkey Point site is Palm Drive (SW 344th
Street), which runs in an east-west direction along the northern boundary of the
Turkey Point site. Palm Drive provides a connection with U.S. Highway 1 and the
Florida Turnpike. There are no major highways within 5 miles of Units 6 & 7
(Figure 2.2-201, References 201 and 207).

To ascertain which hazardous materials may be transported on the roadways
within 5 miles of Units 6 & 7, the industries that may store hazardous
materials—and, hence, have either the materials transported to the site or
transported from the site—were identified through SARA Title lll, Tier Il reports as
described in Subsection 2.2.2.2. The only identified chemicals whose
transportation route may approach closer than 5 miles to Units 6 & 7 are those
chemicals transported onto the Turkey Point plant property. Of these chemicals,
gasoline was the only identified roadway transportation event that is not bounded
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by an event involving the onsite storage vessel for each identified chemical. Each
of the identified onsite chemicals that had the potential to explode, or form a
flammable or toxic vapor cloud, is analyzed to determine safe distances.

2226 Description of Railroads

There are no railroads in the vicinity (5 miles) of Units 6 & 7 (Figure 2.2-201,
Reference 207).

2227 Description of Airports

In accordance with RG 1.206 and RG 1.70, Homestead Air Reserve Base is the
only identified airport located within the vicinity (5 miles) of Units 6 & 7 other than
the Turkey Point Heliport located onsite. Further, RG 4.7 recommends that major
airports within 10 miles be identified. The Ocean Reef Club Airport is a small
private airport located approximately 7.4 miles from Units 6 & 7 (Figure 2.2-202,
References 223 and 240).

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 pertaining to airports
located within 10 miles of the site is presented in tabular form in Table 2.2-206. A
screening evaluation of the closest major airport in the region, Miami International
Airport, is also included in this table to ascertain whether this airport is or may be
of significance in the future.

2.2.2.71 Airports
2.2.2.711 Turkey Point Heliport

The Turkey Point site operates its own corporate heliport. The Turkey Point
heliport is located in the southeast corner of the Units 3 & 4 parking lot
approximately 3100 feet north of Units 6 & 7. The heliport is an approximate
22-foot by 22-foot concrete pad. The maximum gross weight of the helicopter
operated at the site, an Agusta A109E Power Helicopter, is 6600 pounds. There
were approximately 79 takeoffs and landing operations in 2007. As described in
Subsection 2.2.2.7.2, it is not expected that an aircraft of this weight and size
would have an impact on safety-related structures (References 227 and 228).
Further, the number of operations at the heliport, especially in comparison with
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other aviation facilities is infrequent. Due to the weight of the aircraft (thus low
penetration hazard) using the heliport and infrequent operations, no further
analysis of the heliport is warranted.

222712 Homestead Air Reserve Base

Homestead Air Reserve Base is located approximately 4.76 miles north-northwest
from the proposed Units 6 & 7. The U.S. Air Force owns the airport, and the
airport is for private use, with permission required before landing. The airport has
a concrete/grooved runway, Runway 05/23, which is 11,200 feet long and 300 feet
wide. The runway headings are 50 degrees (Runway 05) and 230 degrees
(Runway 23). The traffic pattern for Runway 05 is right and the traffic pattern for
Runway 23 is left (Reference 209).

The Homestead Air Reserve Base has approximately 36,429 annual operations
and this projection is not expected to change over the period of the license
duration (Reference 208). Consistent with RG 1.206, the Homestead Air Reserve
Base located approximately 4.76 miles from the site, was considered because the
plant-to-airport distance is less than 5 miles.

Homestead Air Reserve Base indicated that the military aircraft onsite consisted
of F-16Cs with a wingspan of 32 feet 10 inches and F-15As with a wingspan of 42
feet 9 inches. The reported number of military operations was 24,902 per year.
The Homestead Air Reserve Base also indicated that there were 7430 operations
per year from U.S. Customs Border Patrol aircraft along with 4097 transient
aircraft operations per year (Reference 208).

222713 Ocean Reef Club Airport

Ocean Reef Club Airport is a privately owned airport located 7.41 miles south
southeast from Units 6 & 7. The airport is an amenity associated with the Ocean
Reef Club. All aircraft must be registered and permission is required before
landing. There is no scheduled airline service associated with the airport and the
airport is unattended (Reference 242).

The airport has an asphalt runway that is 4500 feet long and 70 feet wide. The
runway headings are 40 degrees (Runway 04) and 220 degrees (Runway 22).
The landing pattern is to the left. There are approximately 25 aircraft based on the
site, 15 single-engine planes and 10 multi-engine planes. The plant-to-airport
distance criteria in accordance with NUREG-0800 is 500D2, where D is the
distance in statute miles from the site, for airports located within 5 to 10 statute
miles from the site, giving the airport a significance factor of 27,454 operations per
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year. The airport is an unattended private facility with just 25 aircraft based on the
field with no control tower (References 209 and 210). To reach a significance
factor of 27,454 operations, each aircraft would need to average approximately
1,098 operations per year. Therefore, it is reasonably assumed that the airport
operations at this facility meet the plant-to-airport distance/annual operations
criteria and no further evaluation is warranted.

22272 Aircraft and Airway Hazards

There is one airport, Homestead Air Reserve Base, located approximately 4.76
miles from Units 6 & 7. The Homestead Air Reserve Base has approximately
36,429 annual operations and this projection is not expected to change over the
period of the license duration (Reference 208). As required by RG 1.206, an
aircraft hazard analysis should be provided for all airports with a plant-to-airport
distance less than 5 statute miles from the site.

The Units 6 & 7 site meets acceptance criteria 1.B. of Section 3.5.1.6 of
NUREG-0800—there are no military training routes or military operations areas
within 5 miles of the site. The centerline of the closest military training route,
IR-53, is approximately 11.5 nautical miles, 13.2 statute miles, from Units 6 & 7,
while the closest military operations area, Lake Placid military operations area, is
approximately 115 nautical miles or 132.3 statute miles from Units 6 & 7
(Reference 223).

The Units 6 & 7 site is located closer than 2 statute miles to the nearest edge of a
federal airway. The site is approximately 5.98 statute miles from the centerline of
airway V3/G439 as depicted in Figure 2.2-202. The width of a federal airway is
typically 8 nautical miles, 4 nautical miles (4.6 statute miles) on each side of the
centerline, placing the airway approximately 1.4 statute miles to the nearest edge
(Reference 211). The edge of the closest high altitude airway is located further
than 2 statute miles from Units 6 & 7 (Reference 240). Because of the proximity of
airway V3/G439 to Units 6 & 7, criteria 1.C. set in Section 3.5.1.6 of NUREG-0800
that the plant is at least 2 statute miles beyond the nearest edge of a federal
airway is not met.

Therefore, a calculation to determine the probability of an aircraft accident that
could possibly result in radiological consequences to the site was performed
following NUREG-0800 and DOE-STD-3014-96 to determine whether the
accident probability rate is less than an order of magnitude of 1E-07. The
probability of an aircraft crashing into the plant and its impact frequency evaluation
are estimated using a four-factor formula that considers: (1) the number of
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operations; (2) the probability that an aircraft will crash; (3) given a crash, the
probability that the aircraft crashes into a 1-square-mile area where the facility is
located; and (4) the size of the facility. In order to estimate aircraft crash
frequencies, this method applies the four-factor formula to two different flight
phases, near-airport activities or airport operations that considers takeoffs and
landings, and non-airport activities or in-flight phase operations (Reference 212).
This assessment of impact frequency assumes that all impacts will lead to facility
damage and a possible release of radioactive material.

Mathematically, the four-factor formula is:

F =

Where,

Nijk =

Pk =

fik(xy) =

j

Effective Area

% Nij * Pk * fij (6y) * Ay (Equation 1)

estimated annual aircraft crash impact frequency for the
facility of interest (no./year)

estimated annual number of site-specific aircraft operations
for each applicable summation parameter (no./year)

aircraft crash rate (per takeoff or landing for near-airport
phases and per flight for the in-flight (non-airport) phase of
operation for each applicable summation parameter)

aircraft crash location conditional probability (per square mile)
given a crash evaluated at the facility location for each
applicable summation parameter

the site-specific effective area for the facility of interest that
includes skid and fly-in effective areas (square miles) for each
applicable summation parameter, aircraft category or
subcategory, and flight phase for military aviation

(index for flight phases): i=1, 2, and 3 (takeoff, in-flight, and
landing)

(index for aircraft category or subcategory): j=1, 2, ..., 11
(index for flight source): k=1, 2, ..., k

2k Zj Zi

site-specific summation over flight phase, i; aircraft category
or subcategory, j; and flight source, k

The effective area was calculated using the method provided in the DOE
Standard, DOE-STD-3014-96 (Reference 212). For the AP1000 design, the
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safety-related structures are contained on the nuclear island which consists of the
containment or shield building and the auxiliary building. To calculate a
conservative estimate of the effective target area, a bounding building was used in
accordance with the DOE standard with the following assumptions:

e The total footprint area of the safety-related structures was obtained to
estimate the equivalent width/length (W, L) of a bounding building, and thus
the building diagonal length, R.

e For the AP1000 design, when determining the length, L of the bounding
building, the actual length of the auxiliary building, 254 feet, was used.

e The total volume of the bounding building is obtained in order to estimate the
equivalent height of the rectangular bounding building.

e In this calculation, the 78-foot wingspan was conservatively chosen to
represent military aircraft wingspan. Homestead Air Reserve Base indicated
that the military aircraft on site consisted of F-16Cs with a wingspan of 32 feet
10 inches and F-15As with a wingspan of 42 feet 9 inches (Reference 208).

Based on those assumptions, the effective areas for general aviation, air carrier,
air taxi and commuter, large military (takeoff), large military (landing), small
military (takeoff), and small military (landing) type of aircraft are 0.01730, 0.04309,
0.03859, 0.03775, 0.03660, 0.02166, and 0.02824 square miles, respectively.

Airport Operations Impact Frequency

Using the four-factor formula, the total impact frequency from airport operations,
which includes near airport activities and considers takeoffs and landings, into the
plant was determined to be 2.56E-07 per year. Even though most of the airport
operations are attributed to small military aircraft operations, the calculated impact
frequency was dominated by general aviation operations. The lower impact
frequency attributed to Homestead Air Reserve Base is largely due to the
orientation of the runway at Homestead Air Reserve Base. Crash location
probability values are primarily distributed about the x-axis, the extended runway
centerline—for military aircraft, this distribution is also dependent on the pattern
side of the runway. When the x-axis is placed along the center of the runway, the
Units 6 & 7 site lies nearly on the y-axis, accounting for the low crash location
probabilities for airport operations. In determining the airport operation frequency,
the following assumptions were formulated:
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e Based on data received from Homestead Air Reserve Base, it was assumed
that for each aircraft category, 75 percent of the operations occurred on
Runway 05 and 25 percent of the operations occurred on Runway 23,
resulting in:

— 18,678 small military operations for Runway 05
— 6,226 small military operations for Runway 23
— 5,574 large military operations for Runway 05

— 1,858 large military operations for Runway 23

— 3,074 general aviation operations for Runway 05
— 1,026 general aviation operations for Runway 23

Non-Airport Operations Impact Frequency

For non-airport operations, or the in-flight phase, methods provided in DOE
Standard DOE-STD-3014-96 were used and the total impact frequency from
non-airport operations into the plant was determined to be 3.61E-06 per year
(Reference 212).

The determined impact frequency using this methodology is heavily weighted
towards general aviation aircraft due to the large probability, N * P * f(x,y), of
general aviation crashes throughout the continental United States. The analysis of
non-airport operations impact frequency was based on the four-factor formula, as
used for airport operations for the class of aircraft

Fi=N* P fi(xy) * A

Where, the product NP represents the expected number of in-flight crashes per
year; f(x,y) is the probability, given a crash, that the crash occurs in a
1-square-mile area surrounding the facility of interest, and A is the effective area
of the facility (Reference 212). For this calculation, the values of N * P * f(x,y)
selected are the continental U.S. averages.

Total Impact Frequency

This assessment led to a total impact frequency of 3.86E-06 per year when
considering both the airport and non-airport operations, which is greater than an
order of magnitude of 1E-07 per year. Therefore, consideration of whether the
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damage from the aircraft crash may result in radiological releases in excess of the
exposure guidelines in 10 CFR Part 100 was considered for general aviation and
commercial aircraft categories. The General Aviation category dominates the
impact frequency results. Studies of General Aviation and Commercial Aircraft
categories conclude that impacts from these categories are not likely to result in
core damage. In these instances (General Aviation and Commercial Aircraft
categories), crash probabilities are multiplied by appropriate conditional
probabilities of a radioactive material release exceeding 10 CFR Part 100
guidelines to obtain the consequence probabilities of such a release. The impact
of aircraft and aircraft missiles on substantial concrete structures has been
extensively studied and a core damage probability can reasonably be applied to
the calculated total impact frequency for the General Aviation and Commercial
Aircraft categories (References 227 and 228). NUREG/CR-4839 cites a
conditional core damage probability of 0.1 as a conservative estimate. Therefore,
for this calculation, a conditional core damage probability of 0.1 was
conservatively applied to the General Aviation and Commercial Aircraft
categories. Conservatively, a conditional core damage probability of 1.0 was
applied to the small and large military aviation categories.

Taking into account the conditional core damage probability, the rate of aircraft
accidents that could lead to radiological consequences in excess of the exposure
guidelines of 10 CFR 50.34(a)(1) is 4.86E-07 crashes per year. This includes the
following inherent conservatisms:

e Shielding by adjacent structures, topographical features, and barriers was not
credited. The skid distance would virtually be eliminated, reducing the
effective area, if this were credited, because the nuclear island is shielded on
three sides and partially on the fourth side by other structures.

e A conservative value of the conditional core damage probability was used.
General Aviation aircraft was not screened out, that is, a core damage
probability of zero was not applied to the general aviation class, even though
studies have shown they are not considered a significant hazard to nuclear
power stations because of their low weight and low penetration hazard.

e DOE methodology has conservatisms built in. One example is in determining
the effective area of the bounding building where the heading of the crashing
aircraft with respect to the facility is assumed to be the worst case which is
perpendicular to the diagonal of the bounding rectangle regardless of direction
of actual flights.
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Therefore, a value of 4.86E-07 aircraft crashes per year that may lead to
radiological consequences meets the guidance in NUREG-0800, Section 3.5.1.6
which states that 10 CFR 100.1, 10 CFR 100.20, 10 CFR 100.21, 10 CFR 52.17,
and 10 CFR 52.79 requirements are met if the probability of aircraft accidents
resulting in radiological consequences greater than the 10 CFR Part 100
exposure guidelines is less than an order of magnitude of 1E-07 per year. The
value of 4.86E-07 aircraft crashes per year that may lead to radiological
consequences also meets RG 1.206 guidance, which states that plant design
should consider aircraft accidents that could lead to radiological consequences in
excess of the exposure guidelines of 10 CFR 50.34(a)(1) and 10 CFR 52.79 with
a probability of occurrence greater than an order of magnitude of 1E-07 per year.

2228 Projections of Industrial Growth

The Units 6 & 7 site is located in unincorporated Miami-Dade County, Florida.
Miami-Dade County has adopted a Comprehensive Development Master Plan to
meet the requirements of the Local Government Comprehensive Planning and
Land Development Regulation Act, Chapter 163, Part Il, Florida Statutes, and
Chapter 9J-5, Florida Administrative Code. The Comprehensive Development
Master Plan was last revised in October 2006.

The Comprehensive Development Master Plan Map illustrates the locations of
major institutional uses, communication facilities, and utilities of metropolitan
significance. The 2025 expansion area boundary delineated on the Land Use Plan
Map does not depict any future industrial area expansion within 5 miles of

Units 6 & 7 (Reference 213).

Thus, a review of Miami-Dade County’s Comprehensive Development Master
Plan does not indicate any future projections of new major industrial, military, or
transportation facilities located within the vicinity of the Units 6 & 7 site
(Reference 213).

223 EVALUATION OF POTENTIAL ACCIDENTS

An evaluation of the information provided in Subsections 2.2.1 and 2.2.2, for
potential accidents that should be considered as design basis events, and the
potential effects of those identified accidents on the nuclear plant in terms of
design parameters (e.g., overpressure, missile energies) and physical
phenomena (e.g., concentration of flammable or toxic clouds outside building
structures), was performed in accordance with the criteria in 10 CFR Parts 20,
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52.79, 50.34, 100.20, and 100.21, using the guidance contained in RG 1.78, 1.91,
4.7, and 1.206.

2.2.31 Determination of Design-Basis Events

RG 1.206 states that 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 1E-07 per year or greater with potential consequences
serious enough to exceed the guidelines in 10 CFR Part 100 affecting the safety
of the plant. The following accident categories are considered in selecting design
basis events: explosions, flammable vapor clouds (delayed ignition), toxic
chemicals, fires, collisions with the intake structure, and liquid spills. On the basis
of the identification of industrial, transportation, and military facilities presented in
Subsections 2.2.1 and 2.2.2, the postulated accidents within these categories are
analyzed at the following locations:

e Onsite chemical storage (Units 1 through 5)
e Onsite chemical storage (Units 6 & 7)
o Nearby chemical and fuel storage facilities (Homestead Air Reserve Base)

e Nearby transportation routes (Florida Gas Transmission Company (Turkey
Point Lateral-natural gas transmission pipeline), and an onsite transportation
route)

2.2.3.11 Explosions

Accidents involving detonations of explosives, munitions, chemicals, liquid fuels,
and gaseous fuels are considered for facilities and activities either onsite or within
the vicinity of the plant, where such materials are processed, stored, used, or
transported in quantity. NUREG-1805 defines explosion as a sudden and violent
release of high-pressure gases into the environment. The strength of the wave is
measured in terms of overpressures (maximum pressure in the wave in excess of
normal atmospheric pressure). Explosions come in the form of detonations or
deflagrations. A detonation is the propagation of a combustion zone at a velocity
that is greater than the speed of sound in the un-reacted medium. A deflagration
is the propagation of a combustion zone at a velocity that is less than the speed of
sound in the un-reacted medium (Reference 214).

The effects of explosions are a concern in analyzing structural response to blast
pressures. The effects of blast pressure from explosions from nearby railways,
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highways, navigable waterways, or facilities to safety-related plant structures are
evaluated to determine if the explosion would have an adverse effect on plant
operation or would prevent safe shutdown of the plant.

2.2.3.1.1.1 Explosions /Trinitrotoluene Mass Equivalency

The onsite chemicals (Units 1 through 5 [Table 2.2-207] and Units 6 & 7

[Table 2.2-208]), offsite chemical storage (Homestead Air Reserve Base

[Table 2.2-209]), hazardous materials transported in pipelines (Turkey Point
Lateral [Table 2.2-210]), and hazardous materials potentially transported on
roadways (Table 2.2-210) were evaluated to ascertain which hazardous materials
had a defined flammability range, upper (UFLs) and lower (LFLs) flammability
limits, with a potential to explode upon detonation. Whether an explosion is
possible depends in large measure on the physical state of a chemical. In the
case of liquids, flammable and combustible liquids often appear to ignite as
liquids. However, it is actually the vapors above the liquid source that ignite. For
flammable liquids at atmospheric pressure, an explosion will occur only if the
non-oxidized, energized fluid is in the gas or vapor form at correct concentrations
in air. The concentrations of formed vapors or gases have an upper and lower
bound known as the UFL and the LFL. Below the LFL, the percentage volume of
fuel is too low to sustain propagation. Above the UFL, the percentage volume of
oxygen is too low to sustain propagation (Reference 215).

The postulated accidents, involving those hazardous materials determined to
have the potential to explode, involve the rupture of a vessel whereby the entire
contents of the vessel are released and an immediate deflagration/detonation
ensues. That is, upon immediate release, the contents of the vessel are assumed
to be capable of supporting an explosion upon detonation (e.g., flammable liquids
are present in the gas/vapor phase between the UFL and LFL). The trinitrotoluene
(TNT) mass equivalency methodology employed for determining the safe
distances, the minimum separation distance required for an explosive force to not
exceed 1 psi peak incident pressure, involve a compilation of principles and
criterion from RG 1.91, NUREG-1805, National Fire Protection Association
(NFPA) Code, and pertinent research papers.

The allowable and actual safe distances for hazardous materials transported or
stored were determined in accordance with RG 1.91, Revision 1. RG 1.91 cites

1 psi (6.9 kilopascal) as a conservative value of positive incident over pressure
below which no significant damage would be expected. RG 1.91 defines this safe
distance by the Hopkinson Scaling Law Relationship:
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R = kW” (Equation 2)

Where R is the distance in feet from an exploding charge of W pounds of
equivalent TNT and k is the scaled ground distance constant at a given
overpressure (for 1 psi, the value of the constant k is 45 ﬂ/lb%).

The methodology for calculating, W, and hence the safe distance, R, is dependent
on the phase—solid, atmospheric liquid, or pressurized or liquefied gas—of the
chemical during storage and/or transportation.

Solids

For a solid substance not intended for use as an explosive but subject to
accidental detonation, RG 1.91 states that it is conservative to use a TNT mass
equivalent (W) in Equation 2 equal to the cargo mass.

Atmospheric Liquids

RG 1.91 states that it is limited to solid explosives and hydrocarbons liquefied
under pressure, and the guidance provided in determining W, the mass of the
substance that will produce the same blast effect as a unit mass of TNT, is specific
to solids. Therefore, the guidance for determining the TNT mass equivalent, W, in
RG 1.91, where the entire mass of the solid substance is potentially immediately
available for detonation, is not applicable to atmospheric liquids, where only that
portion in the vapor phase between the UFL and LFL is available to sustain an
explosion.

The methodology employed conservatively considers the maximum gas or vapor
volume within the storage vessel as explosive. Thus, for atmospheric liquid
storage, this maximum gas or vapor would involve the container to be completely
empty of liquid and filled only with air and fuel vapor at UFL conditions in
accordance with NUREG-1805. Therefore, for atmospheric liquids, the TNT mass
equivalent, W, was determined following guidance in NUREG-1805, where

W = (Mygpor * AHc * ;) / 2000 (Equation 3)

Where M, 550, is the flammable vapor mass (Ibs), AH is the heat of
combustion of the substance (Btu/Ib), 2000 is the heat of combustion of
TNT (Btu/lb), and Y is the explosion yield factor. The yield factor is an
estimation of the explosion efficiency, or a measure of the portion of the
flammable material participating in the explosion. Conservatively, an
explosion yield factor of 100 percent was applied to account for a confined
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explosion (NUREG-1805). In reality, only a small portion of the vapor
within the flammability limits would be available for combustion and
potential explosion, and a 100 percent yield factor is not achievable
(Reference 216).

Pressurized or Liquefied Gases

For liquefied and pressurized gases, the entire mass is conservatively considered
as a flammable gas/vapor because a sudden tank rupture could entail the rapid
release and mixing of a majority of the contents and a confined explosion could
possibly ensue. For example, in the case of liquefied gases, the liquefied gas
would violently expand and mix with air while changing states from the liquid
phase to a vapor/aerosol phase. Therefore, in the case of pressurized or liquefied
gases, the entire mass is conservatively considered as available for detonation,
and the equivalent mass of TNT, W, is calculated in accordance with
NUREG-1805 (Equation 3) where the M, 5, is the flammable mass (pounds) and
the entire mass of the pressurized or liquefied gas is considered flammable.
Again, an explosion yield factor of 100 percent was conservatively assumed to
account for a confined explosion (NUREG-1805).

2.2.3.1.1.2 Boiling Liquid Expanding Vapor Explosions

A boiling liquid expanding vapor explosion (BLEVE) is an additional concern with
closed storage tanks that contain substances that are gases at ambient conditions
but are stored in a vessel under pressure in its saturated liquid/vapor form. The
NFPA defines a BLEVE as the failure of a major container into two or more pieces,
occurring at a moment when the contained liquid is at a temperature above its
boiling point at normal atmospheric pressure. If the chemical is above its boiling
point when the container fails, some or all of the liquid will flash-bail, that is,
instantaneously become a gas. This phase change forms blast waves with energy
equivalent to the change in internal energy of the liquid/vapor. This phenomenon
is called a BLEVE. If the chemical is flammable, a burning gas cloud called a
fireball may occur if a significant amount of the chemical flash-boils. Because
thermal radiation impacts a greater area than the overpressure, it is the more
significant threat, and therefore, thermal heat flux values are presented for
substances capable of producing a BLEVE (NUREG-1805).

The onsite chemicals (Units 1 through 5 [Table 2.2-207] and Units 6 & 7
[Table 2.2-208]), offsite chemical storage (Homestead Air Reserve Base,
[Table 2.2-209]), hazardous materials transported in pipelines (Turkey Point
Lateral [Table 2.2-210]), and hazardous materials potentially transported on

2.2-19 Revision 0



USCA Case #16-1081  Document #16359%8y Point Units6 §o721/2016  Page 165 of 278
COL Application

Part 2 — FSAR

roadways (Table 2.2-210) were evaluated to ascertain which hazardous materials
had a defined flammability range, upper and lower flammability limits, with a
potential to produce a BLEVE. That is, those chemicals stored in their saturated
liquid form but are gases at ambient conditions. The Areal Locations of Hazardous
Atmospheres (ALOHA) model was used to model the worst-case accidental
BLEVE for each chemical identified as capable of producing a BLEVE, calculated
as the thermal heat flux at the nearest safety-related structure. To model the
worst-case BLEVE in ALOHA, the meteorological conditions presented in

Table 2.2-212 were used as inputs and the determined worst-case meteorological
case for each substance was used as site atmospheric input for the BLEVE
analysis.

Other inputs/assumptions for the BLEVE analysis using the ALOHA model
include:

e “Open Country” was selected for the ground roughness. The degree of
atmospheric turbulence influences how quickly a pollutant cloud moving
downwind will mix with the air around it and be diluted. In the case of a
BLEVE, the movement of a vapor cloud is not a consideration.

e The “Threat at Point” function was selected with no crosswind in the ALOHA
modeling runs. This effectively models the chemical release as a direct-line
source from the spill site to the point of concern, the nearest safety-related
structure for Units 6 & 7.

e The “Level of Concern” selected was 5.0 kilowatts per square meter (kW/m2).
At 5.0 kW/m?, second-degree burns are expected to occur within 60 seconds

(Reference 217). Further, the EPA has selected 5.0 kW/m? for 40 seconds as
its level of concern for heat from fires in EPA’'s Risk Management Program
Guidance for Offsite Consequence Analysis (Reference 220). Regarding
damage to structures, as a point of reference, the ignition threshold for wood

is 40 kW/m? (NUREG-1805)

In each of the explosion scenario analyses in the subsequent subsections, the
described TNT mass equivalency methodology or BLEVE methodology was
employed to determine the safe distances. The effects of these explosion events
from both internal and external sources are summarized in Table 2.2-213, and are
described in the following subsections relative to the release source.
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223113 Onsite Chemical Storage/Units 1 through 5

Units 6 & 7 are located close to the existing Units 1 through 5 chemical storage
locations. The hazardous materials stored on site that were identified for further
analysis with regard to explosion potential were acetylene, ammonium hydroxide,
hydrazine, hydrogen, and propane. A conservative analysis using the TNT
equivalency methods described in Subsection 2.2.3.1.1.1 was used to determine
safe distances for the identified hazardous materials. The results indicate that the
safe distances are less than the minimum separation distance from the nearest
safety-related structure, the Unit 6 auxiliary building, to each storage location. The
safe distance for acetylene is 1416 feet; for ammonium hydroxide, 296 feet; for
hydrazine, 170 feet; for hydrogen, 1098 feet; and for propane, 1299 feet

(Table 2.2-213). Acetylene is stored approximately 4300 feet; ammonium
hydroxide approximately 5079 feet; hydrazine approximately 2727 feet; hydrogen
approximately 3966 feet; and propane 4168 feet; from the nearest safety-related
structure for Units 6 & 7—the Unit 6 auxiliary building.Therefore, an explosion
from any of the onsite hazardous materials evaluated will not adversely affect the
safe operation or shutdown of Units 6 & 7.

Additionally, propane was identified for further analysis with regard to its potential
for forming a BLEVE. The propane tank located at Turkey Point site is determined
to bound propane storage at the Homestead Air Reserve Base due to the large
distance separating propane storage at the Homestead Air Reserve Base and
Units 6 & 7. A conservative analysis using the ALOHA model described in
Subsection 2.2.3.1.1.2 is used to determine the safe distance—the distance to the
thermal heat flux of 5 kW/m? from the formation of a fireball. Inputs to the ALOHA
model also included the dimensions of the propane tank with a diameter of 3.08
feet and a length of 9.92 feet.The safe distance for propane is 603 feet.Propane is
stored 4168 feet from the nearest safety-related structure for Units 6 & 7—the
Unit 6 auxiliary building. The thermal radiation heat flux at the nearest
safety-related structure is 0.0878 kW/m? and the calculated burn duration is 5
seconds. Therefore, the thermal radiation heat flux resulting from a BLEVE from
the storage of propane will not adversely affect the safe operation or shutdown of
Units 6 & 7.

223114 Onsite Chemical Storage/Units 6 & 7

The chemicals associated with Units 6 & 7 that were identified for further analysis
with regard to explosion potential were methanol, hydrazine, morpholine, and the
hydrogen storage banks. A conservative analysis using the TNT equivalency
methods described in Subsection 2.2.3.1.1.1 was used to determine safe
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distances for the identified hazardous materials. The results indicate that the safe
distances are less than the minimum separation distance from the nearest
safety-related structure—the Unit 6 or Unit 7 auxiliary building—to each storage
location. The safe distance for methanol is 344 feet; for hydrazine, 153 feet; for
morpholine 136 feet; and for hydrogen, 544 feet (Table 2.2-213). Methanol is
stored at the FPL reclaimed water treatment facility approximately 5581 feet from
the nearest safety-related structure for Units 6 & 7—the Unit 7 auxiliary building.
Hydrazine and morpholine are stored approximately 218 feet; and hydrogen
approximately 560 feet from the nearest safety-related structure for Turkey Point
Units 6 & 7—the Unit 6 or Unit 7 auxiliary building. Therefore, an explosion from
any of the onsite hazardous materials evaluated will not adversely affect the safe
operation or shutdown of Units 6 & 7.

223115 Nearby Facilities/Homestead Air Reserve Base

The Homestead Air Reserve Base, located approximately 4.76 miles (25,133 feet)
from the nearest safety-related structure for Units 6 & 7, the Unit 6 auxiliary
building, is the identified facility of concern within the vicinity of the Turkey Point
site as determined in Subsection 2.2.2.2.2. The hazardous materials stored at the
Homestead Air Reserve Base identified for further analysis were: gasoline,
hydrazine, jet fuel, and propane. A conservative analysis using the TNT
equivalency methods described in Subsection 2.2.3.1.1.1 is used to determine
safe distances for the identified hazardous materials.The results indicate that the
safe distances are less than the minimum separation distances from the Unit 6
auxiliary building to the storage locations for any of the identified chemicals
(Table 2.2-213). Propane resulted in the largest safe distance, 5,513 feet, which is
less than the distance of 4.76 miles (25,133 feet) to the nearest safety-related
structure for Units 6 & 7. Therefore, damaging overpressures from an explosion
resulting from a complete failure of the total stored quantity for each chemical
evaluated at Homestead Air Reserve Base would not adversely affect the
operation or shutdown of Units 6 & 7.

2.2.3.1.1.6 Transportation Routes/Roadways

The safety-related structure located closest to identified transportation
routes/roadways, the Unit 6 auxiliary building, is located approximately 2054 feet
(at its closest point of approach) from the onsite transportation delivery route for
gasoline. As detailed in Subsections 2.2.3.1.1.4 and 2.2.3.1.1.5, deliveries of
chemicals to the site were screened and determined to be bounded by the
evaluation performed for the onsite storage quantities. The maximum quantity of
gasoline assumed to be transported is 50,000 pounds (9,000 gallons) in
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accordance with RG 1.91. An evaluation was conducted using the TNT
equivalency methodologies described in Subsection 2.2.3.1.1.1 The results
indicate that the safe distance for this quantity of gasoline is 266 feet, which is less
than the minimum separation distance from the Unit 6 auxiliary building identified
above and in Table 2.2-213. Therefore, an explosion from potentially transported
hazardous materials on site will not adversely affect the safe operation or
shutdown of Units 6 & 7.

223117 Transportation Routes/Pipelines

As described in Subsection 2.2.2.3, the Florida Gas Transmission Company owns
and operates a high-pressure natural gas transmission pipeline system that
serves FPL and other customers in south Florida. Two of the pipelines in this
system are located within 5 miles of Units 6 & 7. The closest pipeline, the Turkey
Point Lateral, represents the bounding condition. The nearest safety-related
structure, the Unit 6 auxiliary building, is 4535 feet away from the analyzed
release point, the closest approach of the nearest natural gas transmission
pipeline.

Experiments conducted in Germany (Reference 218) and by the Institution of Gas
Engineers (Reference 219) have indicated that detonations of mixtures of
methane (greater than 85 percent) with air do not present a credible outdoor
explosion event (Reference 216). 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 (Reference 216). In evaluating similar research, Y. -D. Jo and Ahn
report that when leaked natural gas is not trapped and immediate ignition occurs,
only a jet fire will develop. Thus, the dominant hazards from natural gas pipelines
are from the heat effect of thermal radiation from a sustained jet fire and from
explosions where the natural gas vapor cloud becomes confined either outside or
by migration inside a building (Reference 245). Even though the immediate
ignition of natural gas resulting in overpressure events resulting from a ruptured
gas pipeline is considered an unlikely event, an evaluation was conservatively
conducted to evaluate a potential explosion from the natural gas transmission
pipeline.

The worst case scenario considered the immediate deflagration/detonation of the
released natural gas. That is, upon immediate release, the contents of the pipeline
are assumed to be capable of supporting an explosion upon detonation (i.e., the
gas is present in concentrations between the UFL and LFL). In this scenario, it
was assumed that the pipe had burst open, leaving the full cross-sectional area of
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the pipe completely exposed to the air. It was also assumed that the ignition
source existed at the break point. The safe distance to 1 psi overpressure is
calculated by determining the mass of natural gas released, whereby the TNT
mass equivalency methodology can then be employed as described in
Subsection 2.2.3.1.1.1.

In order to determine the mass of natural gas release, the maximum release rate
was determined. The release rate from a hole in a pipeline will vary over time;
however for safety assessments, it is useful to calculate the maximum release
rate of gas from the pipeline. A standard procedure for representing the maximum
discharge is to represent the discharge through the pipe as an orifice. The orifice
method always produces a larger value than the adiabatic or isothermal pipe
methods, ensuring a conservative safety design.

Once it was verified that choke flow conditions would occur for a postulated break
in the Florida Gas Transmission pipeline modeled, the maximum gas discharge
rate from the break in the pipeline was calculated using the following equation
which represents the release from the pipeline as an orifice.

(Equation 4)

MW ( 2 (W]
-1
Quax = CAPo\ 19c (Fj v

where
C = discharge coefficient (equals 1 for maximum case)
A = area of the hole, ft*
g. = gravitational constant, ft-Ib,/Ibys?
MW = molecular weight, Ib/lb g
R =ideal gas constant, ft-lby/lb,q-°R
T = initial pipeline temperature, °R

Upon a complete pipeline rupture, the release rate of the gas (Ib/s) will initially be
very large, but within seconds the release rate will drop to a fraction of the initial
release rate. Therefore, to estimate the amount of gas discharged for an
instantaneous release, the maximum discharge rate was conservatively assumed
to occur for a period of 5 seconds. This duration maintains the intent of the
instantaneous detonation as applied in the TNT analysis—any longer and
atmospheric dispersion effects will predominate resulting in a traveling vapor
cloud—while maximizing the amount of gas released for the TNT analysis. This is
also a conservative assumption given that the discharge rate will begin to
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decrease significantly immediately after the break occurs. The amount of gas
released was then determined by:

Mass (Ib) = Qmax (Ib/s) x time (s) (Equation 5)

Using the flammable mass calculated by the above methodologies, the equivalent
mass of TNT can be calculated using Equations 2 and 3.

The results indicate that the safe distance, the distance to 1 psi, is less than the
minimum separation distance from the Unit 6 auxiliary building to the pipeline
break (Table 2.2-213). The safe distance of 3097 feet is less than the minimum
separation distance to the pipeline, 4535 feet. Therefore, the overpressure at the
nearest safety related structure, the Unit 6 auxiliary building, resulting from an
explosion due to immediate deflagration of natural gas vapor resulting from a
pipeline rupture is not significant. The results indicate that overpressures from an
explosion from a rupture in the Florida Gas Transmission Company Turkey Point
Lateral natural gas transmission pipeline will not adversely affect the safe
operation or shutdown of Units 6 & 7.

22312 Flammable Vapor Clouds (Delayed Ignition)

Flammable materials in the liquid or gaseous state can form an unconfined vapor
cloud that can drift towards the plant before an ignition event. When a flammable
chemical is released into the atmosphere and forms a vapor cloud, it disperses as
it travels downwind. The portion of the cloud with a chemical concentration within
the flammable range (i.e., between the LFL and UFL) may burn if the cloud
encounters an ignition source. If the cloud burns fast enough to create a
detonation, an explosive force is generated. The speed at which the flame front
moves through the cloud determines whether it is considered a deflagration or a
detonation. Two possible events are evaluated—thermal radiation effects from
either a flash fire resulting from the ignition of a flammable vapor cloud or a jet fire
resulting from the rapid release of gas from a pipeline, and pressure effects
resulting from a vapor cloud explosion.

2.2.3.1.21 Flammable Vapor Cloud—Thermal Radiation

The onsite chemicals, Units 1 through 5 (Table 2.2-207) and Units 6 & 7

(Table 2.2-208); offsite chemical storage, Homestead Air Reserve Base,

(Table 2.2-209); hazardous materials transported in pipelines, Turkey Point
Lateral (Table 2.2-210); and hazardous materials potentially transported on
roadways (Table 2.2-210), were evaluated to ascertain which hazardous materials
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had the potential to form flammable vapor clouds. In each scenario, those
chemicals with an identified flammability range, the ALOHA Version 5.4.1, air
dispersion model was used to determine the distances that the vapor cloud could
exist in the flammability range, thus presenting the possibility of ignition and
potential thermal radiation effects (Reference 217). The safe distance for
flammable vapor clouds was measured as the distance to the outer edge of the
LFL section of the cloud.

Conservative assumptions were used in the ALOHA analyses regarding both
meteorological inputs and identified scenarios (Tables 2.2-211 and 2.2-212). Each
postulated event was evaluated under a spectrum of meteorological conditions to
determine the worst-case meteorological condition. The spectrum of
meteorological parameters chosen for the meteorological sensitivity analysis was
selected based on the defined Pasquill meteorological stability classes

(Table 2.2-212). The meteorological sensitivity analysis includes the most stable
meteorological class, F, allowable with the ALOHA model. More stable
meteorological classes and lower wind speeds will prevent a formed chemical
vapor cloud from dispersing before reaching safety-related structures or the
control room.The inclusion of this selection of meteorological conditions in the
meteorological sensitivity analysis is conservative for Units 6 & 7 because the joint
frequency wind distribution classes at F stability, which contain windspeeds less
than 2 meters/second, occur at a frequency of approximately 3 percent annually.

Other assumptions for the ALOHA model include:

e “Open Country” was selected for the ground roughness with the exception of
those chemicals stored north of Units 1 through 4 (ammonium hydroxide);
those chemicals stored at the PGS bulk gas storage area (hydrogen); and
those chemicals stored inside the turbine building (hydrazine and morpholine),
where “Urban or Forest” was selected. The degree of atmospheric turbulence
influences how quickly a pollutant cloud moving downwind will mix with the air
around it and will be diluted. Friction between the ground and air passing over
it is one cause of atmospheric turbulence. The rougher the ground surface, the
greater the ground roughness and the greater the turbulence that develops. A
chemical cloud generally travels farther across open country than over an
urban area or forest. The selection of “Open Country” is conservative because
the Turkey Point site meets the criteria for “Urban or Forest”—an area with
many friction-generating roughness elements, such as trees or small buildings
(e.g., industrial areas). The site layout and location of the chemicals stored
north of Units 1 through 4 and those stored at the PGS in relation to Units 6 &
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7 would entail a vapor cloud travel through or around plant structures, thus
“Urban or Forest” was selected for the determined worst-case meteorological
conditions. In the case of the chemicals store inside the turbine building, the
formed vapor clouds would need to travel through various friction generating
surface elements such as building components and a ventilation system, thus,
“Urban or Forest” is the appropriate selection.

e The “Threat at Point” function was selected with no crosswind in the ALOHA
modeling runs. This effectively models the chemical release as a direct-line
source from the spill site to the point of concern, the nearest safety-related
structure for Units 6 & 7. These results represent the worst-case hazard levels
that could develop at that distance directly downwind of the source rather than
accounting for the prevailing meteorological conditions.

e For each of the identified chemicals in the liquid state, it was conservatively
assumed that the entire contents of the vessel leaked, forming a
1-centimeter-thick puddle. This provided a significant surface area from which
to maximize evaporation and the formation of a vapor cloud.

e For each of the identified chemicals in the gaseous state, it was conservatively
assumed that the entire contents of the vessel/pipeline are released over a
10-minute period into the atmosphere as a continuous direct source (40 CPR
68.25).

Guidance concerning flammable vapor clouds indicates that it is appropriate to
consider the distance to the LFL as the safe distance for flammable vapor clouds.
Generally, for flash fires the controlling factor for the amount of damage that a
receptor will suffer is whether the receptor is physically within the burning cloud.
This is because most flash fires do not burn very hot and the thermal radiation
generated outside of the burning cloud will generally not cause significant damage
due to the short duration (References 229 and 243). However, with the exception
of those chemicals stored inside the turbine building, conservatively, the thermal
radiation heat flux was calculated for each formed vapor cloud capable of ignition
resulting in a flash fire. Those chemicals stored inside the turbine building were
not evaluated because a fire in the turbine building does not affect safe shutdown
capability. Fire areas located in the turbine building are separated from the
safety-related areas of the nuclear island by a 3-hour fire barrier wall.

For this calculation, all of the mass of the vapor cloud is considered flammable
and at the upper explosive limit. This is a conservative assumption because the
upper explosive limit represents the highest percentage of fuel by volume in air
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(molar fraction) that can propagate a flame (Reference 215). The resulting
incident heat flux on the nearest safety-related structure is calculated using the
following equation presented in the Society of Fire Protection Engineers
Handbook of Fire Protection Engineering (Reference 221):

(Equation 6)

q ~ l7‘](‘,2_8,1/2pfthf5/6

2

drr
Where,
q = incident heat flux, kW/m?
v = normalized dimensionless heat transfer rate
= fraction of combustion energy radiated to the
! environment
= atmospheric transmissivity
g = acceleration due to gravity, m/s?
P, = vapor density, kg/m?
h, = heat of combustion, kJ/kg
Vf = initial vapor volume of fuel, m?3
r = the distance between the fireball center and the

nearest safety-related structure, m—calculated as:

(Equation 7)

Where,
X = horizontal separation of fireball center and nearest
safety-related structure, m
Z = height of fireball center above ground, m
h = nearest safety-related structure height above ground,

m

The following assumptions are used when calculating the radiant heat flux from a
resulting flash fire:

e The temperature is assumed to be 40°F, the mean extreme annual dry bulb
temperature for nearby Homestead Air Reserve Base (Reference 222). This
results in a conservative assumption as a lower ambient air temperature
corresponds to a denser fuel upon release and thus a larger fuel mass.
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e The initial vapor cloud before ignition is assumed to be spherical and located
at the lower explosive limit distance away from the point of release—the
closest point that the vapor cloud can reach the nearest safety-related
structure and still burn.

e The transmissivity of air is conservatively assumed to be one. This is
conservative because the water vapor and carbon dioxide will absorb thermal
radiation and depreciate the incident heat flux on the nearest safety-related
structure. Making the assumption that the transmissivity of air is one results in
neglecting those losses.

e The fraction of combustion energy radiated to the environment is assumed to
be 20 percent (Reference 221).

e The normalized dimensionless heat transfer rate, V is assumed to be 0.0005,
the point at which n, non-dimensionless time, becomes asymptotic
(Reference 221).

e The nearest safety-related structure is conservatively assumed to be a
blackbody—it absorbs all incident radiation.

e Itis assumed that once the maximum fireball diameter and height are
reached, they are maintained for the duration of the fireball.

2.2.3.1.2.2 Flammable Vapor Cloud—Explosions

Those identified chemicals with the potential to detonate are then evaluated to
determine the possible effects of a flammable vapor cloud explosion. ALOHA was
used to model the worst-case accidental vapor cloud explosion for the identified
chemicals, including the safe distances and overpressure effects at the nearest
safety-related structure. To model the worst-case vapor cloud explosion in
ALOHA, detonation was chosen as the ignition source. The evaluation was
conducted using the identical assumptions presented in Subsection 2.2.3.1.2.1 for
the ALOHA model. The safe distance was measured as the distance from the spill
site to the location where the pressure wave is at 1 psi overpressure.

The effects of flammable vapor clouds and vapor cloud explosions from internal
and external sources are summarized in Table 2.2-214 and are described in
following subsections relative to the release source.
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223123 Onsite Chemical Storage/Units 1 through 5

The hazardous materials stored on site that were identified for further analysis
with regard to forming a flammable vapor cloud capable of delayed ignition
following an accidental release of the hazardous material are acetylene,
ammonium hydroxide, hydrazine, hydrogen, and propane. As described in
Subsection 2.2.3.1.2.1, the ALOHA dispersion model was used to determine the
distance a vapor cloud could travel to reach the LFL boundary once a vapor cloud
has formed from an accidental release of the identified chemical. It was
conservatively assumed that the entire contents of the ammonium hydroxide,
hydrazine, and liquid propane vessels leaked forming a one-centimeter-thick
puddle; while, for acetylene and hydrogen, it was assumed that the entire
contents of the tank are released over a 10-minute period as a continuous direct
source. The results indicate that any plausible vapor cloud that could form and mix
sufficiently under stable atmospheric conditions would be below the LFL boundary
before reaching the nearest safety-related structure—the Unit 6 auxiliary building.
The distance to the LFL boundary for acetylene is 909 feet; for ammonium
hydroxide, 525 feet; for hydrazine, 42 feet; for hydrogen, 720 feet; and for
propane, the distance to the LFL boundary is 714 feet. Acetylene is stored
approximately 4300 feet; ammonium hydroxide, approximately 5079 feet;
hydrazine, approximately 2727 feet; hydrogen, approximately 3966 feet; and
propane approximately 4168 feet from the Unit 6 auxiliary building

(Table 2.2-214).

Further, as described in Subsection 2.2.3.1.2.1, the associated heat flux for each
flammable vapor cloud was determined from the point at which the vapor cloud
reaches the LFL to the nearest safety-related structure. The maximum incident
heat flux for acetylene is 0.162 kW/m?; for ammonium hydroxide, 0.900 kW/m?;
for hydrazine, 0.271 kW/m?; for hydrogen, 0.033 kW/m? and for propane the
maximum incident heat flux is 0.090 kW/mZ2. These results are less than 5 kW/m?2
level of concern defined by the EPA.

A vapor cloud explosion analysis was also completed following the methodology
as detailed in Subsection 2.2.3.1.2.2 in order to obtain safe distances. The results
concluded that the safe distance, the minimum distance required for an explosion
to have less than a 1 psi peak incident pressure, are less than the shortest
distance to the nearest safety-related structure for Units 6 & 7, the Unit 6 auxiliary
building, and the storage location of these chemicals. The safe distance for the
acetylene cylinders is 1242 feet; for ammonium hydroxide, 1407 feet; for one
hydrogen tube trailer, 828 feet; and for liquid propane, 1416 feet. For hydrazine,
no explosion occurs because the vapor pressure for hydrazine is sufficiently low
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that not enough vapor is released from the spill for a vapor cloud explosion to
occur. Each of these chemicals is stored at a greater distance from the nearest
safety-related structure than the calculated safe distance.

Therefore, a flammable vapor cloud with the possibility of ignition or explosion
formed from the onsite chemical storage for Units 1 through 5 analyzed will not
adversely affect the safe operation or shutdown of Units 6 & 7 (Table 2.2-214).

223124 Onsite Chemical Storage/Units 6 & 7

The hazardous materials stored on site that were identified for further analysis
with regard to forming a flammable vapor cloud capable of delayed ignition
following an accidental release of the hazardous material are methanol,
hydrazine, morpholine, and hydrogen. As described in Subsection 2.2.3.1.2.1, the
ALOHA dispersion model was used to determine the distance a vapor cloud could
travel to reach the LFL boundary once a vapor cloud has formed from an
accidental release of the identified chemical. Because hydrazine and morpholine
are located inside the turbine building in a room with curbing, it was conservatively
assumed that the entire contents of the largest vessel for each identified scenario
leaked forming a puddle with the same area as the bermed area of the chemical
storage room. Further, for the chemicals located inside the turbine building, the
vapor cloud explosion analyses were conservatively modeled as if no building is
present. For the hydrogen storage banks, it was assumed that the entire contents
of all tubes in one bank are released over a 10-minute period as a continuous
direct source.

The results indicate that any plausible vapor cloud that could form and mix
sufficiently under stable atmospheric conditions would be below the LFL boundary
before reaching the nearest safety-related structure—the Unit 6 auxiliary building.
The distance to the LFL boundary for methanol is 177 feet; for hydrazine, less
than 33 feet; for morpholine, less than 33 feet; and for hydrogen, 351 feet.
Methanol is stored at the FPL reclaimed water treatment facility approximately
5581 feet; hydrazine and morpholine are stored approximately 218 feet; and
hydrogen is stored approximately 560 feet from the nearest safety-related
structure—either the Unit 6 or Unit 7 auxiliary building (Table 2.2-214).

Further, as described in Subsection 2.2.3.1.2.1, for those chemicals stored
outside the turbine building, the associated heat flux for each flammable vapor
cloud was determined from the point at which the vapor cloud reaches the LFL to
the nearest safety-related structure. The maximum incident heat flux for methanol
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is 0.592 kW/m?; and for hydrogen is 2.344 kW/m?. These results are less than 5
kW/m? level of concern defined by the EPA.

A vapor cloud explosion analysis was also completed as detailed in

Subsection 2.2.3.1.2.2 to obtain safe distances. The results concluded that the
safe distance, the minimum distance required for an explosion to have less than a
1 psi peak incident pressure, are less than the shortest distance to the nearest
safety-related structure for Units 6 & 7, the Unit 6 auxiliary building, and the
storage location of these chemicals. The safe distance for the methanol is 444
feet; for hydrazine, no detonation; for morpholine, no detonation; and for
hydrogen, 528 feet. For hydrazine and morpholine, no detonation/explosion
occurs because the vapor pressures are sufficiently low that not enough vapor is
released from the spill for a vapor cloud explosion to occur. Each of these
chemicals is stored at a greater distance from the nearest safety-related structure
than the calculated safe distance. Therefore, a flammable vapor cloud with the
possibility of ignition or explosion formed from the storage of the onsite chemical
storage for Units 6 & 7 analyzed will not adversely affect the safe operation or
shutdown of Units 6 & 7 (Table 2.2-214).

2.2.3.1.2.5 Nearby Facilities/Homestead Air Reserve Base

The Homestead Air Reserve Base, located approximately 4.76 miles, 25,133 feet,
from the nearest safety-related structure, the Unit 6 auxiliary building, operates
within the vicinity of the Turkey Point site. The hazardous materials stored at
Homestead Air Reserve Base that were identified for further analysis with regard
to the potential for delayed ignition of a flammable vapor cloud formed following
the accidental release of a hazardous material are gasoline and propane. For
gasoline, it was conservatively assumed that the entire contents of the vessel
leaked and formed a 1-centimeter-thick puddle. Because solutions such as
gasoline cannot be modeled in the current version of ALOHA, as recommended
by the EPA, gasoline was modeled for flammable vapor cloud and vapor cloud
explosion analysis by selecting n-Heptane as a surrogate for gasoline in ALOHA's
chemical library. This selection is appropriate as the evaporation curves over a
range of temperatures for n-Heptane and gasoline are shown to be similar, and at
temperatures below 80°C, the evaporation of n-Heptane occurred at a faster rate
(Reference 246). In the case of propane, the entire contents of the tank are
assumed to be released over a 10-minute period as a continuous direct source.
The results using the methodology described in Subsection 2.2.3.1.2.1 concluded
that any plausible vapor cloud that could form and mix sufficiently under stable
atmospheric conditions is below the LFL boundary before reaching the Units 6 & 7
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site (Table 2.2-214). The greatest distance to the LFL boundary, 2190 feet, was for
propane, while the distance to the LFL boundary for gasoline was 396 feet.

Further, as described in Subsection 2.2.3.1.2.1, the associated heat flux for each
flammable vapor cloud was determined from the point at which the vapor cloud
reaches the LFL to the nearest safety-related structure. The maximum incident
heat flux for gasoline is 0.051 kKW/m?Z; and for propane the maximum incident heat
flux is 0.078 kW/m?2. These resullts are less than 5 kW/m? level of concern defined
by the EPA (Table 2.2-214).

Because each of the identified chemicals has the potential to explode, a vapor
cloud explosion analysis was also performed as described in

Subsection 2.2.3.1.2.2. The results of the vapor cloud explosion analysis
concluded that the safe distance, the minimum distance required for an explosion
to have less than a 1 psi peak incident pressure, is less than the minimum
separation distance between the Unit 6 auxiliary building and the release point at
Homestead Air Reserve Base. The largest determined safe distance was for
propane, 4770 feet, while the determined safe distance for gasoline was

1260 feet. (Table 2.2-214)

Therefore, a flammable vapor cloud with the possibility of ignition or explosion
from the storage of chemicals at offsite facilities will not adversely affect the safe
operation or shutdown of Units 6 & 7.

2.2.3.1.2.6 Transportation Routes/Roadways

The nearest safety-related structure for Units 6 & 7, the Unit 6 auxiliary building, is
located approximately 2054 feet at its closest point of approach from the onsite
transportation delivery route for gasoline. The methodology presented in
Subsection 2.2.3.1.2.1 was used for determining the distance from the accidental
release site where the vapor cloud is within the flammability limits. It was
conservatively estimated that the vessel carried and released 50,000 pounds,
9000 gallons, of gasoline. The results for the 9000-gallon gasoline tanker
concluded that any plausible vapor cloud that can form and mix sufficiently under
stable atmospheric conditions will have a concentration less than the LFL before
reaching the nearest safety-related structure. The distance to the LFL boundary
for gasoline is 222 feet.

Further, as described in Subsection 2.2.3.1.2.1, the associated heat flux for the
formed flammable vapor cloud was determined from the point at which the vapor
cloud reaches the LFL to the nearest safety-related structure. The maximum
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incident heat flux for the 9000-gallon gasoline tanker is 2.776 kW/mZ2. These
results are less than 5 kW/m? level of concern defined by the EPA.

Gasoline was also evaluated using the methodology presented in

Subsection 2.2.3.1.2.2 to determine the effects of a possible vapor cloud
explosion. The safe distance, the minimum separation distance required for an
explosion to have less than a 1 psi peak incident pressure impact from the drifted
gasoline vapor cloud, is less than the shortest distance to the onsite gasoline
delivery route. The safe distance for this quantity of gasoline was determined to
be 780 feet (Table 2.2-214).

Therefore, a flammable vapor cloud ignition or explosion from a 9000-gallon
gasoline tanker transported on site will not adversely affect the safe operation or
shutdown of Units 6 & 7.

223127 Transportation Routes/Pipelines

The Florida Gas Transmission Company owns and operates a high-pressure
natural gas transmission pipeline system that serves FPL within the vicinity of
Units 6 & 7. At its closest distance, the Turkey Point Lateral pipeline passes within
approximately 4535 feet of the nearest safety-related structure for Units 6 &
7—the Unit 6 auxiliary building. To conservatively evaluate the consequences
from a potential flammable vapor cloud or vapor cloud explosion from a natural
gas transmission pipeline, a worst-case scenario was considered involving the
release of natural gas directly into the atmosphere resulting in a vapor cloud. Two
scenarios were considered for the postulated natural gas pipeline rupture. The
first scenario considered a formed vapor cloud that traveled toward Units 6 & 7.
As the vapor cloud travels towards Units 6 & 7, it is plausible that the cloud
concentration could become flammable along its path. As described in
Subsection 2.2.3.1.2.1, the ALOHA dispersion model was used to determine the
distance a vapor cloud could travel to reach the LFL boundary once a vapor cloud
has formed from an accidental release of natural gas (as methane) from the
pipeline. The pipeline release source module was selected in the ALOHA program
to model the natural gas release. The pipeline characteristics presented in

Table 2.2-204 and the gas pipeline temperature for the Turkey Point Lateral, 78°F,
are used as inputs to the ALOHA model. It was conservatively assumed that the
pipeline was “connected to an infinite tank source” and that the roughness of the
pipeline was “smooth” to model the break. The results concluded that under this
scenario, the plausible vapor cloud that could form will be below the LFL boundary
before reaching the nearest safety related structure for Units 6 & 7—the Unit 6
auxiliary building.
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Because of the possibility that the natural gas vapor cloud may become confined
either outside or by migration inside a building, a vapor cloud explosion analysis
was performed as described in Subsection 2.2.3.1.2.2 and the ALOHA pipeline
inputs from the preceding paragraph. The results of the vapor cloud explosion
analysis concluded that the safe distance, the minimum distance required for an
explosion to have less than 1 psi peak incident pressure, of 3033 feet, is less than
the separation distance, 4535 feet, between the Unit 6 auxiliary building and the
pipeline break.

As described in Subsection 2.2.3.1.1.7, when leaked natural gas is not trapped
and immediate ignition occurs, a jet fire will develop. A jet fire occurs when a
flammable chemical is rapidly released from an opening in a vessel or pipeline
and an immediate ignition occurs. The jet fire stabilizes to a point that is close to
the source of the release and continues to burn until the fuel source is stopped.
Thus, the jet fire scenario should be considered for determining safety distances
in the vicinity of natural gas pipelines. This is because in addition to producing
thermal radiation, the jet fire causes considerable convective heating in the region
beyond the flame tip. Additionally, the high velocity of the escaping gas into the jet
causes more efficient combustion to occur than in pool fires. Therefore a much
higher heat transfer rate could occur for a jet fire than in a pool fire flame.

The safe distance for a jet fire is measured as the distance from the fire to the
point where the thermal heat flux reaches 5.0 kW/mZ. For the natural gas pipeline,
ALOHA was used to model the worst-case accidental release from a pipeline
resulting in a jet fire, including the safe distances and thermal heat flux effects on
the nearest safety related structure.

The thermal effect of a jet fire strongly depends on atmospheric conditions and the
impact radius for thermal radiation is primarily affected by wind speed, and
increases with decreasing wind speed. Thermal radiation is also affected by
atmospheric transmittivity. Atmospheric transmittivity is the measure of how much
thermal radiation from a fire is absorbed and scattered by water vapor and other
components in the atmosphere. To model the jet fire scenario in ALOHA, the worst
case meteorological conditions determined from the vapor cloud flammability and
explosion analyses for the pipeline was used as site atmospheric input for the jet
fire analysis. Because humidity is used to determine the atmospheric transmittivity
in the ALOHA model, the humidity levels were varied to determine the
atmospheric worst case in ALOHA for the jet fire scenario. The results of the jet
fire analysis concluded that the safe distance, the distance to 5 kW/m2, of 1035
feet, is less than the separation distance, 4535 feet, between the Unit 6 auxiliary
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building and the pipeline break. The maximum thermal radiation effects at the
nearest safety related structure for modeled jet fire scenario is 0.261 kW/m?2.

Therefore, a jet fire or flammable vapor cloud ignition or explosion from a rupture
in the Turkey Point Lateral natural gas transmission pipeline will not adversely
affect the safe operation or shutdown of Units 6 & 7 (Table 2.2-214).

2.2.31.3 Toxic Chemicals

Accidents involving the release of toxic or asphyxiating chemicals from onsite
storage facilities and nearby mobile and stationary sources were considered.
Toxic chemicals known to be present on site or in the vicinity of the Turkey Point
site, or to be frequently transported in the vicinity, were evaluated.

The onsite chemicals, Units 1 through 5 (Table 2.2-207) and Units 6 & 7

(Table 2.2-208); offsite chemical storage, Homestead Air Reserve Base,

(Table 2.2-209); hazardous materials transported in pipelines, Turkey Point
Lateral (Table 2.2-210); and hazardous materials potentially transported on
roadways (Table 2.2-210) were evaluated to ascertain which hazardous materials
should be analyzed with respect to their potential to form a toxic or asphyxiating
vapor cloud following an accidental release.

The ALOHA air dispersion model was used to predict the concentrations of toxic
or asphyxiating chemical clouds as they disperse downwind for all facilities and
sources except for the Turkey Point Lateral natural gas pipeline. In the case of a
toxic vapor cloud, the maximum distance a cloud can travel before it disperses
enough to fall below the Immediately Dangerous to Life and Health (IDLH) or
other determined toxicity limit concentration in the vapor cloud was determined
using ALOHA. Asphyxiating chemicals were evaluated to determine if their
release resulted in the displacement of a significant fraction of the control room
air—defined by the Occupational Safety and Health Administration’s (OSHA)
definition of an oxygen-deficient atmosphere.)

The IDLH is defined by the National Institute of Occupational Safety and Health
(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
are determined by NIOSH so that workers are able to escape such environments
without suffering permanent health damage. Where an IDLH was unavailable for a
toxic chemical, the time-weighted average or threshold limit value, promulgated
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by OSHA or adopted by the American Conference of Governmental Hygienists,
was used as the toxicity concentration level.

The ALOHA model was also used to predict the concentration of the chemical in
the control room following a chemical release to ensure that, under worst-case
scenarios, control room operators will have sufficient time to take appropriate
action. ALOHA is a diffusion model that permits temporal as well as spatial
variations in release terms and concentrations in the control room. The
concentrations in the control room are limited to a 60-minute period because, as
indicated in RG 1.78, the probability of a plume remaining within a given sector for
a long period of time is quite small.

The toxicity/asphyxiation analyses conducted using the ALOHA model was run
under a spectrum of standard meteorological conditions (selected stability class,
wind speed, time of day, and cloud cover) based on the defined Pasquill
meteorological stability classes (Tables 2.2-211 and 2.2-212). The meteorological
sensitivity analysis includes the most stable meteorological class, F, allowable
with the ALOHA model. The more stable the meteorological class and the lower
the wind speed, the less turbulence is generated, and therefore less mixing and
dilution of the formed pollutant cloud should occur. This is conservative for the
Turkey Point site because the joint frequency wind distribution classes at F
stability which contain wind speeds less than 2 meters/second, occur at a
frequency of approximately 3 percent annually.

Other atmospheric inputs/assumptions for the ALOHA model include:

e “Open Country” was selected for the ground roughness with the exception of
those chemicals stored north of Units 1 through 4 (ammonium hydroxide and
sodium hypochlorite); those chemicals stored at the PGS bulk gas storage
area (nitrogen, hydrogen, and carbon dioxide); and those chemicals stored
inside the turbine building (hydrazine, morpholine, and sodium hypochlorite),
where “Urban or Forest” was selected. The degree of atmospheric turbulence
influences how quickly a pollutant cloud moving downwind will mix with the air
around it and will be diluted. Friction between the ground and air passing over
it is one cause of atmospheric turbulence. The rougher the ground surface, the
greater the ground roughness and the greater the turbulence that develops. A
chemical cloud generally travels farther across open country than over an
urban area or forest. The selection of “Open Country” is conservative because
the Turkey Point site meets the criteria for “Urban or Forest”—an area with
many friction-generating roughness elements, such as trees or small buildings
(e.g., industrial areas). The site layout and location of the chemicals stored
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north of Units 1 through 4 and those stored at the PGS in relation to Units 6 &
7 would entail a vapor cloud travel through or around plant structures, thus
“Urban or Forest” was selected for the determined worst-case meteorological
conditions. In the case of the chemicals stored inside the turbine building, the
formed vapor clouds would need to travel through various friction generating
surface elements such as building components and a ventilation system, thus,
“Urban or Forest” is the appropriate selection.

e The “Threat at Point” function was selected with no crosswind for the ALOHA
modeling runs. This selection effectively models the chemical release as a
direct-line source from the spill site to the point of concern, the control room
intake. This is conservative because all of the chemicals, with the exception of
the onsite chemicals associated with Units 6 & 7, are stored to the north of
Units 6 & 7, and the predominant annual wind direction is from the east with
an annual frequency of approximately 17 percent—and when deriving the
toxicity level in the control room, RG 1.78 provides an allowance for taking into
account the prevailing meteorological conditions at the site.

e Except for those chemicals stored inside the turbine building, for each of the
identified chemicals, it was conservatively assumed that the entire contents of
the vessel leaked, forming a 1-centimeter-thick puddle.

e For those identified hazardous materials in the gaseous state, it was
conservatively assumed that the entire contents of the vessel or pipeline are
released over a 10-minute period into the atmosphere as a continuous direct
source (40 CFR 68.25).

e For chemicals located inside the turbine building, the toxicity analyses are
conservatively modeled as if no building is present.

The effects of toxic chemical releases from internal and external sources are
summarized in Table 2.2-215 and are described in the following subsections
relative to the release sources.

2.2.3.1.3.1 Onsite Chemical Storage/Units 1 through 5

The hazardous materials stored onsite that were identified for further analysis with
regard to the potential of the formation of toxic vapor clouds formed following an
accidental release are acetylene (asphyxiant), ammonium hydroxide, argon
(asphyxiant), carbon dioxide, chlorine, hydrazine, hydrogen (asphyxiant), muriatic
acid, nitrogen gas (asphyxiant), liquid nitrogen (asphyxiant), oxygen (may create
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an oxygen enriched environment), propane, and sodium hypochlorite.As
described in Subsection 2.2.3.1.3, the identified hazardous materials were
analyzed using the ALOHA dispersion model to determine whether the formed
vapor cloud would reach the control room intake and what the concentration of the
toxic chemical may reach in the control room following an accidental release.
Acetylene, argon, carbon dioxide, chlorine, hydrogen, nitrogen, and oxygen
concentrations were determined at the control room following a 10-minute release
from the largest storage vessel. For each chemical in the liquid phase (ammonium
hydroxide, hydrazine, muriatic acid, liquid nitrogen, propane, and sodium
hypochlorite), the worst-case release scenario in each of the analyses included
the total loss of the largest vessel, resulting in an unconfined 1-centimeter-thick
puddle. In the case of each the asphyxiants or toxic gases, the maximum
concentration, under the determined worst-case meteorological conditions, at the
control room—45.9 parts per million (ppm) acetylene, 10.8 parts per minute (ppm)
argon, 93.3 ppm carbon dioxide, 0.824 ppm chlorine, 53.9 ppm hydrogen, 144
ppm nitrogen, 122 ppm liquid nitrogen, and 14.9 ppm oxygen—would not displace
enough oxygen for the control room to become an oxygen-deficient, or in the case
of oxygen an oxygen enriched, environment, nor would they be otherwise toxic at
these concentrations. Consistent with RG 1.78, asphyxiating chemicals should be
considered if their release results in a displacement of a significant fraction of
control room air—in accordance with the definition of oxygen-deficient
atmosphere provided by the OSHA. (Reference 230) The remaining chemical
analyses concluded that the control room will remain habitable for the determined
worst-case release scenario—239 ppm ammonium hydroxide (urban), 8.52 ppm
hydrazine, 0.966 ppm muriatic acid, 5.83 ppm propane, and 0.00467 ppm sodium
hypochlorite (urban). (Table 2.2-215) Therefore, the formation of a toxic vapor
cloud following an accidental release of the analyzed hazardous materials stored
on site will not adversely affect the safe operation or shutdown of Units 6 & 7.

223132 Onsite Chemical Storage/Units 6 & 7

The hazardous materials stored on site that were identified for further analysis
with regard to the potential of the formation of toxic vapor clouds formed following
an accidental release are methanol, sodium hypochlorite (storage at FPL
reclaimed water treatment facility, cooling tower, and the turbine building),
hydrazine, morpholine, liquid nitrogen (asphyxiant), nitrogen (asphyxiant),
hydrogen (asphyxiant), liquid carbon dioxide, and carbon dioxide. As described in
Subsection 2.2.3.1.3, the identified hazardous materials were analyzed using the
ALOHA dispersion model to determine whether the formed vapor cloud would
reach the control room intake and what the concentration of the toxic chemical
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may reach in the control room following an accidental release. Liquid carbon
dioxide, carbon dioxide, hydrogen, and nitrogen concentrations were determined
at the control room following a 10-minute release from the largest storage vessel.
For each chemical stored in the turbine building in the liquid phase (hydrazine,
morpholine, and sodium hypochlorite) each of the analyses included the total loss
of the largest vessel, resulting in a puddle release whose area is equivalent to the
bermed area in the chemical storage room in the turbine building. For remaining
chemicals stored in the liquid phase, the worst-case release scenario included the
total loss of the largest vessel, resulting in an unconfined 1-centimeter-thick
puddle. In the case of each of the asphyxiants or toxic gases, the concentration
under the determined worst-case meteorological conditions at the control
room—1380 ppm carbon dioxide, 1400 ppm liquid carbon dioxide, 521 ppm
hydrogen, 363 ppm nitrogen, and 885 ppm liquid nitrogen—would not displace
enough oxygen for the control room to become oxygen-deficient, nor would they
be otherwise toxic at these concentrations. The remaining chemical analyses
indicate that the control room would remain habitable for the determined
worst-case release scenario—76.8 ppm methanol, 30.7 ppm hydrazine, 18.3 ppm
morpholine, 0.0412 ppm sodium hypochlorite (FPL reclaimed water treatment
facility), 0.349 ppm sodium hypochlorite (cooling tower), and 0.0454 ppm sodium
hypochlorite (turbine building) (Table 2.2-215). Therefore, the formation of a toxic
vapor cloud following an accidental release of the analyzed hazardous materials
stored on site would not adversely affect the safe operation or shutdown of Units 6
&7.

2.2.3.1.3.3 Nearby Facilities/Homestead Air Reserve Base

The Homestead Air Reserve Base is approximately 4.76 miles, 25,133 feet, from
the Turkey Point site. The hazardous materials stored at Homestead Air Reserve
Base that are identified for further analysis with regard to the potential for forming
a toxic vapor cloud following an accidental release and traveling to the control
room are Halon 1301, oxygen (potential for creating an oxygen enriched
environment), gasoline, and propane.For Halon 1301 and gasoline, the
worst-case release scenario included the total loss of the largest vessel, resulting
in an unconfined 1-centimeter-thick puddle. Because solutions such as gasoline
cannot be modeled in the current version of ALOHA as recommended by the EPA,
gasoline was modeled for toxicity analysis by selecting n-Heptane as a surrogate
for gasoline in ALOHA's chemical library. This selection is appropriate as the
evaporation curves over a range of temperatures for n-Heptane and gasoline are
shown to be similar, and at temperatures below 80°C, the evaporation of
n-Heptane occurred at a faster rate (Reference 246). Oxygen and Propane
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concentrations are determined outside the control room following a 10-minute
release of the total quantity onsite. In the case of oxygen, the maximum
concentration under the determined worst-case meteorological condition at the
control room—5.31 ppm—would not displace enough air for the control room to
become an oxygen enriched environment. The chemical analysis indicates that
the distance the Halon 1301, gasoline, or propane vapor cloud could travel before
falling below the selected toxicity limit was less than the distance to the control
room for each meteorological condition analyzed (Table 2.2-215). Therefore, the
formation of a toxic vapor cloud following an accidental release of the analyzed
hazardous materials stored at an offsite facility will not adversely affect the safe
operation or shutdown of Units 6 & 7.

2.2.3.1.3.4 Transportation Routes/Roadways

The nearest control room for Units 6 & 7 is approximately 2084 feet at its closest
point of approach, from the onsite transportation delivery route for gasoline. As
detailed in Subsection 2.2.2.5, delivery of chemicals other than gasoline to the
Units 1 through 5 site are screened and determined to be bounded by the
evaluation performed for the Units 1 through 5 onsite storage quantities. The
methodology presented in Subsection 2.2.3.1.3 was used for determining the
distance from the release site to the point where the toxic vapor cloud reaches the
IDLH boundary. For gasoline, the time-weighted average toxicity limit was
conservatively used because no IDLH is available for this hazardous material. The
time-weighted average is the average value of exposure over the course of an
8-hour work shift. Gasoline was modeled for toxic analysis by selecting n-Heptane
in ALOHA’s chemical library. The maximum concentration of gasoline attained in
the control room during the first hour of the release was determined. In this
scenario, it was conservatively estimated that the transport vehicle lost the entire
contents—50,000 pounds, or 9000 gallons. The results concluded that any vapor
cloud that forms following an accidental release of gasoline at the closest
approach from the onsite transportation delivery route, and travels toward the
control room, will not achieve an airborne concentration greater than the
time-weighted average in the control room(Table 2.2-215). Therefore, the
formation of a toxic vapor cloud following an accidental release of gasoline
transported onsite will not adversely affect the safe operation or shutdown of
Units 6 & 7.

2.2.3.1.3.5 Transportation Routes/Pipelines

The Florida Gas Transmission Company owns and operates a high pressure
natural gas transmission pipeline system that serves FPL. At its closest distance,
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the Turkey Point Lateral pipeline passes within approximately 4535 feet of the
nearest control room for Units 6 & 7, the Unit 6 control room. Natural gas or its
main constituent, methane, is not considered toxic and there is no IDLH or other
toxicity limit identified. However, natural gas is considered an asphyxiant.
Therefore, an analysis is necessary for the natural gas transmission pipeline to
determine whether an oxygen-deficient environment exists in the control room
from the displacement of air. Utilizing the methodology and inputs described in
Subsections 2.2.3.1.3 and 2.2.3.1.2.7, natural gas (as methane) was analyzed
using the ALOHA dispersion model to determine whether the formed vapor cloud
would reach the control room intake and whether the concentration of the
asphyxiating chemical may reach levels in the control room which would displace
enough oxygen. The concentration under the determined worst-case
meteorological conditions at the control room—523 ppm will not displace enough
oxygen for the control room to become an oxygen-deficient atmosphere.

22314 Fires

Accidents were considered in the vicinity of the Turkey Point site that could lead to
high heat fluxes or smoke, and nonflammable gas or chemical-bearing clouds
from the release of materials as a consequence of fires. Fires in adjacent
industrial plants and storage facilities—chemical, oil and gas pipelines; brush and
forest fires; and fires from transportation accidents—are evaluated as events that
could lead to high heat fluxes or to the formation of such clouds.

The nearest industrial site is the Homestead Air Reserve Base, located
approximately 4.76 miles from Units 6 & 7. Each of the chemicals stored at Units 1
through 7 and the Homestead Air Reserve Base along with the nearest natural
gas transmission pipeline, the Turkey Point Lateral, are evaluated in

Subsection 2.2.3.1.2 for potential effects, including heat fluxes where appropriate,
of accidental releases leading to a delayed ignition and/or explosion of any formed
vapor cloud. For each of the stored or transported hazardous materials evaluated,
the results concluded that any formed vapor cloud will dissipate below the LFL
before reaching the control room.Further, an evaluation of the heat flux from the
formed vapor cloud capable of ignition concluded that the resulting heat flux from
a flash fire or jet fire (Florida Gas Transmission pipeline) will be below the

5 kW/m? threshold (Table 2.2-214). Therefore, it is not expected that there will be
any hazardous effects to Units 6 & 7 from fires or heat fluxes associated with the
operations at these facilities, transportation routes, or pipelines.

Further, the potential for an onsite fire from the residual fuel oil storage facilities
located at the Turkey Point site was evaluated to estimate the resulting heat flux.
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Subsection 2.2.3.1.2 does not include an evaluation of the heat flux from the
formation of a vapor cloud because the low vapor pressure of residual fuel oil
makes this a non-credible event. The incident heat flux was calculated using the
solid flame model presented in NUREG-1805. The solid flame model is based on
the assumption that the fire is a solid vertical cylinder that emits thermal radiation
laterally. The incident heat flux calculated from the solid flame model requires that
the average emissive power at the flame surface (kW/m?) and the configuration
factor along with the flame height be calculated. The methodology used to
calculate the average emissive power, flame height, configuration factor and
resultant incident heat flux is as follows:

Emissive Power

The emissive power (E) is the total surface radiation of the fire per unit area per
unit time (NUREG-1805).

E(kW/m?)= 58 (1070-00823D) (Equation 8)

Where, D is the effective diameter of the pool fire for a noncircular pool and is
calculated from the surface area of the pool (A¢) and is given by the following
equation:

D= (4Adn)" (Equation 9)
Flame Height

For open pool burning with no fire growth, the following correlation can be used to
determine the flame height of the fire (NUREG-1805).

Hq(m)=0.235 Q°* - 1.02 D (Equation 10)

Where, D is the effective diameter of the fire (m) and Q is the heat release of the
fire determined by the following relationship:

Q = m" AH ¢ A¢ (1-e7FD) (Equation 11)

Where, m" is the mass loss rate per unit area per unit time (kg/mz-s); AH¢ ¢t is the
heat of combustion (kJ/kg); At is the surface area of the pool (m2); and kB is an
empirical constant (m'1).
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Configuration Factor

The configuration factor (F4_,) is a geometric quantity that accounts for the
fraction of the radiation leaving one surface that strikes another surface directly.
The configuration factor is a sum of the horizontal and vertical vectors and is a
value between 0 and 1. The factor approaches 1 as the distance between the
point of interest and the flame is decreased (NUREG-1805).

Fi2= (F3on + F20\)" (Equation 12)
Incident Heat Flux

The incident heat flux, Q7 to the target is given by (NUREG-1805):
Q”ine (KW/m?) = EF 4, (Equation 13)

The following inputs and assumptions were used in determining the incident heat
flux:

e It was conservatively assumed that the entire contents of one of the residual
fuel oil storage tanks, 268,000 barrels, completely ruptures spilling the entire
contents into the bermed area.

e The terrain between the fire and the closest plant structure is assumed to be
flat with no obstructions.

e Itis assumed that it is an open pool fire and the entire surface of the fuel oil in
the bermed area is involved. The pool is assumed to be circular with an area
equivalent to the bermed area.

e The fire is assumed to be a perfect black body with an emissivity of 1.

e The transmissivity of air is assumed to be 1—this assumes that no thermal
radiation is absorbed by air.

e The Unit 6 service building, located 3668 feet from the postulated fuel oil fire,
was conservatively used as the separation distance between the fire and
nearest building—although the service building is not a safety-related
structure, it was conservatively chosen as the structure of concern for
Units 6 & 7.

Using the method described above the incident heat flux for a postulated pool fire
involving the entire contents of the storage vessel would result in an incident heat
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flux of 0.0625 kW/m? at the Unit 6 service building—below the selected 5.0 KW/m?
level of concern for heat from fires. Further, a dispersion analysis study concluded
that airborne pollutant concentration levels resulting from the postulated fire will
be below established ambient air quality standards before reaching Units 6 & 7.

Brush and forest fires were also considered consistent with RG 1.206. Units 6 & 7
are built on fill material to an elevation of approximately 25-26 feet NAVD 88. The
plant area consists of approximately 218 acres providing a cleared area consisting
of limited vegetative fuel for a fire of at least 600 feet wide surrounding the

Units 6 & 7 site safety-related structures. This provides a substantial defensible
zone in the unlikely event of a fire originating as a result of onsite or offsite
activities. Additionally, Units 6 & 7 is located south of Units 1 through 5 and are
within the cooling canals. These canals, which are approximately 100—150 feet
wide, encircle the Units 6 & 7 plant area. The canals are deep, primary return,
water canals leading to Units 1 through 4 cooling water intakes. Therefore, the
zone surrounding Units 6 & 7 is of sufficient size, especially when considering the
canals surrounding the plant area, to afford protection in the event of a fire. The
Florida Department of Agriculture and Consumer Services, Division of Forestry
recommends a defensible space of 30 feet (minimum) to 100 to 200 feet be
maintained around structures for protection against wildfires. In addition,
California has adopted regulations requiring a fire break of at least 30 feet and a
fuel break to 100 feet (References 231 and 232). The safety zone around Units 6
& 7 greatly exceeds these recommended distances, and therefore, it is not
expected that there will be any hazardous effects to Units 6 & 7 from fires or heat
fluxes associated with wild fires, fires in adjacent industrial plants, or from onsite
storage facilities.

2.2.3.1.5 Collisions with Intake Structure

Because Units 6 & 7 are located near a navigable waterway, an evaluation was
performed that considered the probability and potential effects of impacts on the
plant cooling water intake structure and enclosed pumps. The Units 6 & 7 makeup
water system consists of either reclaimed water provided from the Miami-Dade Water
and Sewer Department or saltwater makeup water from the radial collector wells to
the circulating water cooling system. The radial collector wells consist of a central
reinforced concrete caisson, extending below the Biscayne Bay seabed. The wells
are designed to induce infiltration from the nearby surface water source (Biscayne
Bay), combining the desirable features of extremely high well yields with induced
seabed filtration of suspended particulates. Thus, there is no intake structure
associated with either the reclaimed water pipeline or radial collector well system
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that would be damaged as a result of navigable waterway activities that would
affect the safe shutdown of Units 6 & 7.

2.2.3.16 Liquid Spills

The accidental release of oil or liquids that may be corrosive, cryogenic, or
coagulant was considered to determine if the potential exists for such liquids to be
drawn into the plant’'s makeup water intake structure and circulating water system
or otherwise affect the plant’s safe operation. In the event that these liquids would
spill into the Biscayne Bay, they would not only be diluted by the large quantity of
Biscayne Bay water, but the only material shipped by barge, residual fuel oil, has
a specific gravity less than water and would float on top of the water. Therefore,
any spill in the Biscayne Bay will not affect the water supplied by the radial
collector wells and will not affect the safe operation or shutdown of Units 6 & 7.

2.2.3.1.6.1 Radiological Hazards

The hazard due to the release of radioactive material from Units 3 & 4 as a result
of normal operations or an unanticipated event will not threaten safety of the new
units. Smoke detectors, radiation detectors, and associated control equipment are
installed at various plant locations as necessary to provide the appropriate
operation of the systems. Radiation monitoring of the main control room
environment is provided by the radiation monitoring system. The habitability
systems for Units 6 & 7 are capable of maintaining the main control room
environment suitable for prolonged occupancy throughout the duration of the
postulated accidents that require protection from external fire, smoke, and
airborne radioactivity. Automatic actuation of the individual systems that perform a
habitability systems function is provided. In addition, safety-related structures,
systems, and components for Units 6 & 7 have been designed to withstand the
effects of radiological events and the consequential releases which will bound the
contamination from a release from either of these potential sources.

2232 Effects of Design Basis Events

As concluded in the previous subsections, no events were identified that had a
probability of occurrence on the order of magnitude of 1E-07 or greater; and
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. Thus, there are
no accidents associated with nearby industrial, transportation, or military facilities
that are considered design basis events.
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STD DEP 1.1-1 224 COMBINED LICENSE INFORMATION
PTN COL 2.2-1 This COL item is addressed in Subsections 2.2 through 2.2.3.

225 REFERENCES

201. FPL, Turkey Point Uprate Project, Site Certification Application, January
18, 2008.

202. U.S. Air Force, Homestead Air Reserve Base. Available at www.
homestead.afrc.af.mil/, accessed July 18, 2008.

203. Headquarters Air Force Reserve Command, Air Installation Compatible
Use Zone (AICUZ) Study for the Homestead Air Reserve Base, Florida,
October 2007.

204. Correspondence, Ron Moran, Florida Gas Transmission Company, to
David Wagner, Bechtel Power Corporation, Gas Line Operation
Parameters, February 15, 2008.

205. FPL, Turkey Point Plant Operations Manual for Fuel Oil Unloading, July
2005.

206. U.S. Army Corps of Engineers, Institute of Water Resources, Waterborne
Commerce of the United States, Part 1 — Waterways and Harbors Atlantic
Coast, 2005.

207. Rand McNally, Miami-Dade County Street Guide, 2008.

208. Homestead Air Reserve Base, Response to Freedom of Information Act
Request, FOIA#2008-002, May 2008.

209. Airnav.com. Available at http://www.airnav.com/, accessed February 15,
2008.

210. GCR & Associates, Inc., Airport IQ5010. Available at
http://www.gcr1.com/5010web/, accessed February 15, 2008.

2.2-47 Revision 0



USCA Case #16-1081  Document #16359%8y Point Units6 8o721/2016 ~ Page 193 of 278
COL Application

Part 2 — FSAR

211. The National Airspace System. Available at
http://www.faa.gov/library/manuals/aviation/instrument_flying_handbook/
media/faa-h-8083-15-2.pdf, accessed November 16, 2006.

212. U.S. Department of Energy, Accident Analysis for Aircraft Crash into
Hazardous Facilities, DOE Standard, DOE-STD-3014-96, October 1996,
Reaffirmation May 2006.

213. Miami-Dade.gov, Adopted 2015-2025 Land Use Plan Map. Available at
http://www.miamidade.gov/planzone/CDMP_landuse_map.asp, accessed
October 23, 2008.

214. National Fire Protection Agency, NFPA 68, Guide for Venting of
Deflagrations, 2002.

215. National Fire Protection Agency, NFPA 921, Guide for Fire and Explosion
Investigations, 2008.

216. Factory Mutual Insurance Company, FM Global, Guidelines for Evaluating
the Effects of Vapor Cloud Explosions Using a TNT Equivalency Method,
May 2005.

217. Areal Locations of Hazardous Atmospheres (ALOHA), Version 5.4.1,
NOAA, February 2006.

218. Geiger, W., Generation and Propagation of Pressure Waves Due to
Unconfined Chemical Explosions and Their Impact on Nuclear Power
Plant Structures, Nuclear Engineering and Design, Volume 27, 1974.

219. Harris, R.J., and Wickens, M.J., Understanding Vapor Cloud Explosions —
An Experimental Study, The Institution of Gas Engineers, Special Projects
Division, Communication 1408, 55th Autumn Meeting, Kensington Town
Hall, November 1989.

220. U.S. EPA, Risk Management Program Guidance for Offsite Consequence
Analysis, EPA 550-B-99-009, April 1999.

221. DiNenno, P.J., The SFPE Handbook of Fire Protection Engineering, 2nd
Edition, Society of Fire Protection Engineers, June 1995.

2.2-48 Revision 0



USCA Case #16-1081  Document #16359%8y Point Units6 §o/21/2016  Page 194 of 278
COL Application

Part 2 — FSAR

222. American Society of Heating, Refrigerating and Air-Conditioning
Engineers (ASHRAE), Design Conditions for Homestead AFB, FL, USA,
WMO# 722025, ASHRAE Handbook-Fundamentals, 2005.

223. U.S. Department of Transportation, Federal Aviation Administration
National Aeronautical Charting Office, United States Government Flight
Information Publication IFR Enroute Low Altitude—U.S., Panel L-19,
August 2007.

224. South Florida Regional Planning Council, Emergency Management,
Kunish, Donald, Response to Freedom of Information Act Request, SARA
Title Ill, Tier Il reports, reporting year 2006, March 2008.

225. U.S. EPA Enviromapper database. Available at http://134.67.99.
109/wme/myWindow.asp?xI=80.5011043333333&yt=25.4872705&xr=-80.
4531043333333&yb=25.4512705, September 29, 2008 and November 6,
2008.

226. U.S. EPA, Chemical Emergency Preparedness and Prevention Office,
James C. Belke, Chemical accident risks in U.S. industry- A preliminary
analysis of accident risk data from U.S. hazardous chemical facilities,
September 25, 2000.

227. Sugano, T., et al., Local Damage to Reinforced Concrete Structures
Caused by Impact of Aircraft Engine Missiles, Nuclear Engineering and
Design 140, pp. 387—423, 1993.

228. Mizuno, et al., Investigation on Impact Resistance of Steel Plate
Reinforced Concrete Barriers against Aircraft Impact: Part 3 Analyses of
Full-Scale Aircraft Impact, 18th International Conference on Structural
Mechanics in Reactor Technology (SMIRT 18), August 2005.

229. Drs. Uijt de Haag, P.A.M., and Ale, B.J.M., Guideline for quantitative risk
assessment, “Purple book,” CPR 18E, December 2005.

230. Occupational Safety and Health Administration, Occupational and Health
Standards, Hazardous Materials, Hazardous Waste Operations and
Emergency Response Definitions, Title 29 Code of Federal Regulations
Part 1910.120(a)(3), April 3, 2006.

2.2-49 Revision 0



USCA Case #16-1081  Document #16359%8y Point Units6 §o721/2016  Page 195 of 278
COL Application

Part 2 — FSAR

231. Florida Department of Agriculture and Consumer Services, Division of
Forestry, Firewise Landscaping. Available at
http://www.fl-dof.com/wildfire/firewise_landscaping.html, accessed
November 19, 2008.

232. Defensible Space, 2005, California Code of Regulations Title 14 CCR,
Division 1.5, Chapter 7 Fire Protection, Subchapter 3, Article 3. Fire
Hazard Reduction Around Buildings and Structures Defensible Space. §
1299. Available at http://www.fire.ca.gov/CDFBOFDB/pdfs/
DefensibleSpaceRegulationsfinal12992 17 _06.pdf, accessed March 22,
2007.

233. National Institute for Occupational Safety and Health (NIOSH), Center for
Disease Control and Prevention, NIOSH Pocket Guide to Chemical
Hazards, September 2005.

234. United States Coast Guard, Chemical Hazards Response Information
System, Commandant Instruction 16465.12C, 1999.

235. United States Environmental Protection Agency and the National Oceanic
and Atmospheric Administration’s Office of Response and Restoration,
Computer-Aided Management of Emergency Operation.

236. Matheson Tri-Gas, Liquid Nitrogen Material Safety Data Sheet, January
2007.

237. Mallinckrodt Baker, Inc., Sodium Molybdate Material Safety Data Sheet,
August 2005.

238. International Programme on Chemical Safety, Argon Data Sheet, May
2003.

239. Seinfeld, J.H., Atmospheric Chemistry and Physics of Air Pollution, John
Wiley & Sons, Inc., 1986.

240. U.S. Department of Transportation, Federal Aviation Administration
National Aeronautical Charting Office, United States Government Flight
Information Publication IFR Enroute High Altitude—U.S., Panel H-8, May
2007.

241. U.S. Department of Transportation, Federal Aviation Administration, FAA
Terminal Area Forecast: National Forecast 2006 (1)—Airport Operations,

2.2-50 Revision 0



USCA Case #16-1081  Document #16359%8y Point Units6 §o721/2016  Page 196 of 278
COL Application

Part 2 — FSAR

Miami International. Available at
http://tafpub.itworks-software.com/OperationsListPrint.asp? TABLE_ NAME
=airportOperations&DisplayAll=undefined, accessed February 15, 2008.

242. Ocean Reef Club, ORC Airport. Available at
http://www.oceanreef.com/index.cfm?fuseaction=aboutus.airport&,
accessed December 16, 2008.

243. Canadian Society for Chemical Engineering, Risk
Assessment-Recommended Practices for Municipalities and Industry,
ISBN No. 0-920804-92-6, 2004.

244. Florida Power & Light, Ten-Year Power Plant Site Plan 2009-2018. Miami,
Florida. Available at http://www.fpl.com/about/ten_year/pdf/plan.pdf
_plan.shtml, accessed May 21, 2009.

245. Jo, Y.-D, and Ahn, B. J., Analysis of hazard areas associated with
high-pressure natural gas pipelines.

246. Fardad, D. and Ladommatos, N., Evaporation of hydrocarbon compounds,
including gasoline and diesel fuel, on heated metal surfaces, Department
of Mechanical Engineering, Brunel University, Uxbridge, UK, Proc Instn
Mech Engrs Vol 213 Part D, 1999.

247. The Chlorine Institute, Inc., Sodium Hypochlorite Manual Pamphlet 96,
Edition 2, May 2000.

248. Accepta Ltd., Accepta 2047 MSDS: Water Treatment Flocculant: High
molecular weight anionic liquid polymer, January 6, 2004.

249. Accepta Ltd., Accepta 2065 MSDS: Carbohydrazide based oxygen
scavenger boiler water treatment, January 6, 2004.

250. Accepta Ltd., Accepta 2090 MSDS: Flocculant: High molecular weight
liquid cationic polymer, January 6, 2004.

251. Nalco Company, pHF\’EEdom® 5200M Scale/Deposit Inhibitor Product
Bulletin, March 30, 2006.

252. Nalco Company, 3D TRASAR 3DT102 Material Safety Data Sheet, June
27, 2005.

2.2-51 Revision 0



USCA Case #16-1081  Document #16359%8y Point Units6 8o/21/2016  Page 197 of 278
COL Application

Part 2 — FSAR

253. Nalco Company, 3D TRASAR 3DT195 Material Safety Data Sheet, March
21, 2007.

254. Mallinckrodt Baker, Inc., Sodium Molybdate Material Safety Data Sheet,
May 19, 2008.

255. Nalco Company, 3D TRASAR 3DT155 Material Safety Data Sheet.

256. Chemical Safety Associates, Inc., RoClean P111 NSF MSDS, January
2006.

257. Chemical Safety Associates, Inc., RoClean P303 NSF MSDS, October
2007.

258. Langevin, C. D., Simulation of Ground-Water Discharge to Biscayne Bay,
Southeastern Florida, Water-Resources Investigations Report 00-4251,
U.S. Geological Survey 2001.

259. Wingard, G. L., et. al., Ecosystem History of Southern and Central
Biscayne Bay: Summary Report on Sediment Cove Analyses — Year Two,
Open File Report, U.S. Geological Survey, Report 2004-1312, October
2004.

260. Swarzenski, Peter, et. al., Novel geophysical and geochemical techniques
used to study submarine groundwater discharge in Biscayne Bay, Florida,
U.S. Geological Survey, Fact Sheet 2004-3117, September 2004.

2.2-52 Revision 0



USCA Case #16-1081

PTN COL 2.2-1

COL Application
Part 2 — FSAR

Table 2.2-201
Description of Facilities — Products and Materials
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Site

Concise Description

Primary
Function

Number of
Persons
Employed

Major Products
or Materials

Units 1 through 5

Units 1 & 2 are gas/oil-
fired steam electric
generating units; Units 3
& 4 are nuclear powered
steam electric generating
units; and Unit 5 is a
natural gas
combined-cycle plant.

Power Production

977

Electrical Power

Homestead Air
Reserve Base

Homestead Air Reserve
Base is a fully
combat-ready unit
capable of providing
F-16C multipurpose
fighter aircraft, along with
mission ready pilots and
support personnel, for
short-notice worldwide
deployment.

Military
Installation

2365

N/A — Military
Installation

Source: References 201, 202, and 203
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Table 2.2-202 (Sheet 1 of 5)

PTN COL 2.2-1 Onsite Chemical Storage Units 1 through 7
Toxicity Limit Maximum Quantity in Primary Storage
Material IDLH(@) Largest Container Location
Units 1 through 5
Acetylene Gas Asphyxiant 150 pound cylinders Welding Gas House
(3,000 pounds total)
Ammonium Hydroxide | 300 ppm (2) 20,000 gallon above | East Side Unit 5 for SCR
ground storage tanks
Argon Gas Asphyxiant 150 pound cylinders Welding Gas House
(3,000 pounds total)
Boric Acid None Fiber drums Units 3 & 4 Central
Established (66,660 pounds total) Receiving Warehouse/
Boric Acid Room
Carbon Dioxide 40,000 ppm 150 pound cylinders Compressed Gas House
(9,000 pounds total)
Chlorine 10 ppm 150 pound cylinder Nuclear Sewage
Treatment Area
Citric Acid None 500 pounds Water Treatment Area
Established (Units 1 & 2)
Hydrated Lime 5 mg/m3(b) 35,000 pounds Fossils Storage Building
(Calcium Hydroxide)
Hydrazine 50 ppm 1,100 gallons Stores Drum Storage
(2,215 gallons total) Area (Units 3 & 4)
Hydrogen Gas Asphyxiant (2) 45,000 standard cubic | Stored in two Hydrogen
feet (2 Hydrogen Tube Tube Trailers
Trailers)
Hydrogen Peroxide 75 ppm 5 gallon Primary Chemical
Addition Area
Lead (in battery) 100 mg/m3 174,000 pounds Units 1 through 5 Battery
Rooms/Land Utilization
(as lead) Fleet Service Shop
Lithium Hydroxide None 5 gallons Primary Chemical
Established Addition Area
Lube OiIl None 14,800 gallon storage Units 3 & 4 Lube Oil
Established tank (122,548 gallons Storage Tank/Lube Oil
total) Reservoirs
Magnesium Oxide 750 mg/m3 20,000 pounds Fossils Storage Building
Mineral Oil 2,500 mg/m3 (2) 16,180 gallons Unit 1 Main
(48,997 gallons total) Transformer/Unit 2 Main
Transformer
Muriatic Acid 50 ppm 110 gallons Units 1 & 2 Water
(Hydrochloric Acid) Treatment Area
Nitrogen Gas Asphyxiant 100,000 cubic feet Gas House/Trailer
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Toxicity Limit Maximum Quantity in Primary Storage
Material IDLH®@ Largest Container Location
Nitrogen— Liquid Asphyxiant 3,500 gal Units 3 & 4 N, Dewar
Tanks
Number 2 Fuel None 4,300,000 gallon above Unit 5 Southeast Corner
Oil/Diesel Fuel Established ground storage tank
(4,510,632 total)
Number 6 Fuel Oil None (2) 268,000 barrel Fossil Fuel Tank
(Residual Fuel Oil) Established (11,256,000 gallon) Farm-NE corner of site
above ground storage
tanks
Organometallic None 134,000 pounds Units 1 & 2 East Side
Magnesium Complex Established Chem Feed Area

Oxygen Gas May displace air | 150 pound cylinders Welding Gas House
and cause an (3,000 pounds total)
oxygen enriched
environment
Propane 2,100 ppm 500 Gallons Units 1 & 2-NE of
Metering Tanks
Silicone None 568 gallons Unit 1 Power Potential
Established (1,136 gallons total) Transformer/Unit 2
Power Potential
Transformer
Sodium Bicarbonate None 50 pound bags Unit 1 Boiler Dry Storage
Established (10,000 pounds total) Warehouse
Sodium Hydroxide 10 mg/m3 Fiber drums Units 1 & 2 Water
(1,900 pounds total) Treatment Plant/Units 3
& 4 Central Receiving
Warehouse
Sodium Hypochlorite 10 ppm as 6,000 gallon tank Unit 5 South of Cooling
chlorine Tower
Sodium Molybdate 5 mg/m3 (as Mo) | 80 gallons Unit 3 Condensate
Polisher Bldg
Sodium Nitrite None 80 gallons Unit 3 Condensate
Established Polisher Bldg
Sodium Tetraborate 1 mg/m?3(®) 22,000 pounds Units 3 & 4 Dry Stores
Sulfuric Acid 15 mg/m?3 6,000 gallons Units 3 & 4 Water
(12,500 gallons total) Treatment Plant/ Unit 5
South of Cooling Tower
Sulfuric Acid (Station 15 mg/m3 2,913 pounds Units 1 & 2 Station
Batteries) Battery Rooms
Trisodium None 300 gallons Unit 5- North of Steam
Phosphate-Liquid Established Turbine

2.2-55

Revision 0




USCA Case #16-1081

PTN COL 2.2-1

Document #16359key Point Units6 §9/21/2016

COL Application
Part 2 — FSAR

Table 2.2-202 (Sheet 3 of 5)
Onsite Chemical Storage Units 1 through 7

Page 201 of 278

Toxicity Limit Maximum Quantity in Primary Storage
Material IDLH(@ Largest Container Location
Unleaded Gasoline 300 ppm(b) 2,000 gallon split tank Vehicle Refueling
(7,000 gallons total) Area/Land Utilization
Vehicular Fuel Tank
Units 6 & 7
Anionic polymer None 900 gallons FPL Reclaimed Water
Established Treatment Facility
Ferric Chloride (47% | 1 mg/m3(©) 90,250 gallons FPL Reclaimed Water
Solution) Treatment Facility
Lime (Ca(OH),) 5 mg/m3(°) 23,000 gallons FPL Reclaimed Water
Treatment Facility
Sulfuric Acid (93% 15 mg/m3 33,600 gallons FPL Reclaimed Water
Solution) Treatment Facility/
Cooling Tower/
Turbine Building
Methanol 6,000 ppm 25,000 gallons FPL Reclaimed Water
Treatment Facility
Sodium Hypochlorite 10 ppm (as 20,000 gallons FPL Reclaimed Water
(40% Solution) chlorine) Treatment Facility/
Cooling Tower/
Turbine Building
Alum (49% Solution) None 30,000 gallons FPL Reclaimed Water
Established Treatment Facility
Sodium Bisulfite (40% | 5 mg/m3(©) 15,000 gallons FPL Reclaimed Water
Solution) Treatment Facility
Sodium Hydroxide None 15,000 gallons FPL Reclaimed Water
Established Treatment Facility
Polymer (25% Solution) | None 275 gallon tote FPL Reclaimed Water
Established Treatment Facility
Proprietary Scale None 10,000 gallons Cooling Towers
Inhibitor®-Saltwater | Established
(Sodium salt of
phosphonomethylate
diamine)
Proprietary Scale None 12,200 gallons Cooling Towers
Inhibitor®-Saltwater | Established
(Calcium phosphate,
zinc, iron, manganese)
Proprietary Scale None 400 gallon tote Cooling Towers
Inhibitor®-Transition | Established

from Saltwater to
Reclaimed (Silica
based scale inhibitor)
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Toxicity Limit Maximum Quantity in Primary Storage
Material IDLH®@ Largest Container Location
Proprietary Scale None 12,000 gallons Cooling Towers
Inhibitor¥-Reclaimed | Established
(High Stress Polymer
with PSO)
Proprietary Scale 1,000 mg/m3 800 gallons Turbine Building
Inhibitor(@ (17.9%
phosphoric acid)
Proprietary None 800 gallons Turbine Building
Dispersant(d) (Calcium | Established
phosphate, zinc, iron,
manganese)
Proprietary Scale 1,000 mg/m3 800 gallons Turbine Building
Inhibitor(@ (30%
phosphoric acid)
Sodium Bisulfite (25% |5 mg/m3(°) 80 gallons Turbine Building
solution)
Proprietary Reverse None Fiber Drums Turbine Building
Osmosis Cleaning Established
Chemical@ (EDTA
Salt, Percarbonate Salt,
Phosphonic Acid,
Tetrasodium Salt)
Proprietary Reverse None Fiber Drums Turbine Building
Osmosis Cleaning Established
Chemical(@
(Hydroxyalkanoic acid,
Inorganic phosphate,
EDTA Salt)
Hydrazine 50 ppm 800 gallons Turbine Building
(35% solution)
Carbohydrazide None 800 gallons Turbine Building
Established
Morpholine 1,400 ppm 800 gallons Turbine Building
No. 2 Diesel Fuel Oil None 60,000 gallons Diesel Generator Day
Established Tanks/Diesel Generator
Building/Annex Building
Liquid Nitrogen Asphyxiant 1,500 gallons Plant Gas Storage Area
Nitrogen Gas Asphyxiant 58 cubic feet Plant Gas Storage Area
Hydrogen Gas Asphyxiant 40,000 standard cubic Plant Gas Storage Area
feet (Tube Trailer)
Liquid Carbon Dioxide | 40,000 ppm 6 tons Plant Gas Storage Area
Carbon Dioxide Gas 40,000 ppm 104,800 standard cubic Plant Gas Storage Area
feet
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Toxicity Limit Maximum Quantity in Primary Storage
Material IDLH®@ Largest Container Location
Sodium Molybdate 5 mg/m? (as 45 gallons Turbine Building
Mo-TLV)
Ethylene Glycol None 45 gallons Turbine Building
Established

(a) Immediately dangerous to life and health.
(b) Threshold limit value/time-weighted average (TLV-TWA).
(c) Time-weighted average (TWA)
(d) Main constituents of proprietary treatment chemicals are listed.

Source: References 233, 234, 235, 236, 237, 248, 249, 250, 251, 252, 253, 254, 255, 256, and 257
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Offsite Chemical Storage — Homestead Air Reserve Base
Maximum Quantity in
Toxicity Limit Largest Container(@
Material (IDLH) (pounds)
Bromotrifluoromethane (Halon 1301) 40,000 ppm 5,440
Diethylene Glycol Monobutyl Ether None Established 30,625
Diesel Fuel Oil (High Sulfur) None Established 158,752
Gasoline 300 ppm®) 137,104
Hydrazine 50 ppm 1,437
Jet Fuel 200 mg/m3®) 23,251,606
Nitrogen (gas) Asphyxiant 21,648
Oxygen May displace air and cause an 36,561
oxygen enriched environment
Propane 2,100 ppm 185,865

(a) Actual amount of compound in these cases is the maximum of the reported range on the SARA Title Ill, Tier
Il report. This range envelopes an order of magnitude and represents the greatest amount present at the
facility during the reporting period.

(b) Threshold limit value/time-weighted average (TLV-TWA).

Source: References 224, 233, 234, and 235
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Units 6 & 7 Pipeline Information Summary
Distance
Between
Pipeline Pipeline | Operating | Depth of Isolation
Operator Product Diameter Age Pressure | Burial Valves

Florida Gas Natural Gas 24 inches 1968 722 psig | 3.5feet | 11.8 miles
Transmission | Transmission
Company-
Turkey Point
Lateral

Florida Gas | Natural Gas | 6.625inches | 1985 | 722psig | 3.5feet |NA®@)
Transmission | Transmission
Company-
Homestead
Lateral

(a) Due to the proximity and diameter of the Turkey Point lateral pipeline in comparison to the Homestead
lateral pipeline, the Turkey Point lateral pipeline presents a greater hazard, and as such, the Turkey Point
lateral pipeline analysis is bounding and no further analysis of the Homestead lateral pipeline is warranted.

Source: Reference 204

PTN COL 2.2-1 Table 2.2-205
Hazardous Chemical Waterway Freight, Intracoastal Waterway,
Miami to Key West, Florida

Total Quantity
Material Toxicity Limit (IDLH) (short tons)

Residual Fuel Oil None established 611,000

Source: References 206 and 234
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Aircraft Operations — Significant Factors
Number of Significance
Airport Operations Distance from Site Factor®
Turkey Point Heliport 79 0.6 miles N/A®)
Homestead Air Reserve Base 36,429 4.76 miles N/A®)
Ocean Reef Club Airport(® Sporadic 7.41 miles 27,454
Miami International Airport(©) 386,681 25.5 miles 651,832
(2005 operations)
545,558
(2025 projected)

(a) 500d2 movements per year for sites within 5 to 10 miles and 1000d2 movements per year for sites outside
10 miles.

(b) Consistent with RG 1.206, airports with a plant-to-airport distance less than 5 miles from the site is
considered regardless of the projected annual operations.

(c) Because the projected number of operations is less than the calculated significance factor, an evaluation for

this airport was not conducted.

Source: References 208, 209, 210, and 241
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Material

Toxicity Limit (IDLH)

Flammability

Explosion Hazard

Vapor Pressure

Disposition

Acetylene Gas

Asphyxiant

2.5-100 percent

Vapor may explode

51.370 psi at -76°F

Toxicity Analysis—consider as
asphyxiant

Flammability Analysis

Explosion Analysis

Ammonium 300 ppm (as ammonia) | 15-28% None listed 854,548 Pa at 293.15°K | Toxicity Analysis
Hydroxide Flammability Analysis
Explosion Analysis
Argon Gas Asphyxiant Not flammable None listed 1,044.630 Pa Toxicity Analysis—consider as
@117.32°K asphyxiant
Boric Acid None Established Not flammable None listed N/A-solid No further analysis required
Carbon Dioxide 40,000 ppm Not flammable None listed 907.299 psi @ 75°F Toxicity Analysis and consider as
asphyxiant
Chlorine 10 ppm Not flammable None listed 74.040 psi @ 50°F Toxicity Analysis
Citric Acid None Established 0.28 kg/m3 (dust)— None listed N/A-solid No further analysis required-low
2.29 kg/m3 (dust) vapor pressure(a)
Hydrated Lime 5 mg/m3(®) Not flammable Noncombustible Solid—in a solution No further analysis required(©)
(Calcium Hydroxide) Solid in solution
Hydrazine 50 ppm 4.7-100 percent Vapor may explode | 14.4mmHg @ 77°F Toxicity Analysis
Flammability Analysis
Explosion Analysis
Hydrogen Gas Asphyxiant 4.0-75 percent Vapor may explode | 1.231 psi @ —434°F Toxicity Analysis—consider as
asphyxiant
Flammability Analysis
Explosion Analysis
Hydrogen Peroxide 75 ppm Not flammable None listed 0.200 psi @ 90°F Toxicity—screened from further
analysis using criteria in
RG 1.78—low volume
Lead (In battery) 100 mg/m? (as lead) Not flammable None listed N/A-solid No further analysis required
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Table 2.2-207 (Sheet 2 of 3)
Units 1-5 Onsite Chemical Storage — Disposition

Material Toxicity Limit (IDLH) Flammability Explosion Hazard Vapor Pressure Disposition
Lithium Hydroxide None Established Not flammable None listed N/A-Solid in solution No further analysis required
Lube Oil None Established Combustible-No None listed 0.100 psi @ 100°F No further analysis required—low
flammable limits listed vapor pressure(@)
Magnesium Oxide 750 mg/m3 Not flammable None listed N/A-solid No further analysis required—low
vapor pressure(@)
Mineral Oil 2,500 mg/m® Combustible-No None listed <0.5mm Hg @ 68°F No further analysis required—low
flammable limits listed vapor pressure(@)
Muriatic Acid 50 ppm Not flammable None listed 5.975 psi@ 90°F Toxicity Analysis
(Hydrochloric Acid)
Nitrogen Gas Asphyxiant Not flammable None listed 1.931 psi @ —344°F Toxicity Analysis—consider as
asphyxiant
Nitrogen- Liquid Asphyxiant Negligible None listed 1.931 psi @ —344°F Toxicity Analysis—consider as
asphyxiant
Number 2 Fuel None Established 1.3-6.0 percent None listed 0.100 psi @ 100°F No further analysis required—low
Qil/Diesel Fuel vapor pressure(a)
Number 6 Fuel Oil None Established 1-5 percent None listed 0.100 psi @ 100°F No further analysis required—low
(Residual Fuel Oil) vapor pressure(a)
Organometallic None Established Not flammable None listed N/A-solid No further analysis required
Magnesium Complex
Oxygen May displace air and Not flammable None listed 363, 385 Pa at 104.47°K | Toxicity Analysis—consider for
cause an oxygen-enriched environment
oxygen-enriched
environment
Propane 2,100 ppm 2.1-9.5 percent Vapor may explode | 837,489 Pa at 293.15°K | Toxicity Analysis
Flammability Analysis
Explosion Analysis/BLEVE
Silicone None Established Not flammable None listed Not available No further analysis required
Sodium Bicarbonate None Established Not flammable None listed N/A-solid No further analysis required

Sodium Hydroxide

No established IDLH
for solution

Not flammable

Noncombustible
Solid in solution

Solid—in solution

No further analysis required—low
vapor pressure(®)
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Material Toxicity Limit (IDLH) Flammability Explosion Hazard Vapor Pressure Disposition
Sodium Hypochlorite | 10 ppm as chlorine Not flammable None listed 31.1 mmHg @ 89.6°F Toxicity Analysis(e)
(12.5% weight percent)

Sodium Molybdate 5 mg/m? (as Mo)® Not flammable None listed N/A-solid No further analysis required(?
Sodium Nitrite None Established Not flammable None listed 1.818 psi @ 100°F No further analysis required
Sodium Tetraborate 1 mg/m3® Not flammable None listed N/A-solid No further analysis required®
Sulfuric Acid 15 mg/m? Not flammable None listed 0.001 mmHg @ 68°F No further analysis required—low

vapor pressure(@
Sulfuric Acid (Station | 15 mg/m3 Not flammable None listed 0.001 mmHg @ 68°F No further analysis required—Ilow
Batteries) vapor pressure(a)
Trisodium Phosphate- | None Established Not flammable None listed Not available No further analysis required
Liquid
Unleaded Gasoline® | 300 ppm(b) 1.4-7.4 percent Vapor may explode | 4,703.3 Pa @ 293.15°K | No further analysis required(g)

(a)

(b)
(c)

(d)

(e)

(f)

(9)

Solids and 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.

Threshold limit value/ time-weighted average (TLV-TWA).

Lime (calcium hydroxide) is listed as a noncombustible solid and with a very low—approximate vapor pressure of 0 mmHg. The toxicity data provided by NIOSH
provides the following basis for the standard established by OSHA for general industry: "8 hour time-weighted average 15 mg/m?, total dust" and "5 mg/m?,
respirable fraction." Thus, this toxicity limit was established for the exposure to the solid form. Therefore, an air dispersion hazard resulting from the formation
of a toxic vapor cloud is not a likely route of exposure.

Sodium hydroxide in its pure form is a noncombustible solid and therefore has a very low vapor pressure. The IDLH documentation provided by NIOSH provides
the following description of the substance—"colorless to white, odorless solid (flakes, beads, granular form)" and provides the following basis for establishing
the 10 mg/m3 IDLH limit for the solid form—"the revised IDLH for sodium hydroxide is 10-mg/m3 based on acute inhalation toxicity data for workers [Ott et al.
1977]" where the reference for Ott et. al gives the following description "Mortality among employees chronically exposed to caustic dust". Thus, this toxicity limit
was established for the exposure to the solid form is not applicable to the solution. Therefore, an air dispersion hazard resulting from the formation of a toxic
vapor cloud is not a likely route of exposure.

Sodium hypochlorite does not have a determined IDLH value listed in NIOSH; however, MSDS have listed a toxicity limit for sodium hypochlorite as 10 ppm—as
chlorine. Speculation exists on the exact chlorine species that are present in the vapor. The vapor pressures of sodium hypochlorite solutions are less than the
vapor pressure of water at the same temperature. However, because of the potential for sodium hypochlorite to decompose and release chlorine gas upon
heating, sodium hypochlorite was conservatively evaluated for toxicity.

Sodium molybdate is a noncombustible solid and therefore has a very low vapor pressure. There is no IDLH or other toxicity limits for sodium molybdate. There
are, however, IDLH, PEL and TLVs for Molybdenum. These exposure limits are based upon dusts, inhalable and respirable fractions. Therefore, an air
dispersion hazard resulting from the formation of a toxic vapor cloud is not a likely route of exposure.

Onsite Gasoline is bounded by Onsite Transport of Gasoline.

Source: References 217, 233, 234, 235, 236, 237, and 238
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Material

Toxicity Limit
(IDLH)

Flammability

Explosion Hazard

Vapor Pressure

Disposition

FPL Reclaimed Water Treatment Facility

Anionic polymer

None Established

Not Flammable

None Listed

Solution

No further analysis
required—skin/eye irritant only.

Ferric Chloride (47% Solution) 1 mg/m3 @) Not Flammable Noncombustible Solid—in a solution No further analysis required—TWA
solid established for solid salts—not
applicable to solution.®
Lime (Ca(OH),) 5 mg/m° @ Not Flammable Noncombustible Solid—in a solution  |No further analysis required.(®)
solid in solution
Sulfuric Acid (93% Solution) 15 mg/m® Not Flammable None Listed 0.001 mm Hg @ 68°F [No further analysis required.?)
Methanol (Denitrification) 6,000 ppm 6-36 percent Vapor may explode |96 mmHg @ 68°F Toxicity Analysis
Flammability Analysis
Explosion Analysis
Sodium Hypochlorite (40% Solution) 10 ppm as Cly Not Flammable None Listed 31.1 mmHg @ 89.6°F | Toxicity Analysis ¢
Disinfection (12.5% Weight
Percent)
Alum (49% Solution) None established |Not Flammable None Listed Solid—in a solution  |No further analysis required.
(Phosphorus Removal)
Sodium Bisulfite (40% Solution) 5 mg/m° @) Not Flammable None Listed Solid—in a solution  |No further analysis required. TWA
(Dechlorination) established for solid—not
applicable to solution.?
Sodium Hydroxide (50% Solution) 10 mg/m* Not Flammable Noncombustible Solid—in a solution No further analysis required. TWA

solid in solution

established for solid—not
applicable to solution. @

Polymer (25% Solution) None established |Not Flammable None Listed Solution No further analysis
required—skin/eye irritant only.
Circulating Water System
Sodium Hypochlorite—(12 Trade Percent) |10 ppm as Not Flammable None Listed 31.1 mmHg @ 89.6°F |Toxicity Analysis ®)
Chlorine (12.5% Weight
Percent)
Sulfuric Acid (93% Solution)}—Saltwater |15 mg/m? Not Flammable None Listed 0.001 mm Hg No further analysis required.)
Proprietary Scale Inhibitor—Saltwater Does not contain |Not Flammable None Listed Inhalation not a likely |No further analysis required.

(Sodium salt of phosphonomethylate
diamine)

any substance
that has an
exposure limit

route of exposure
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PTN COL 2.2-1 Units 6 & 7 Onsite Chemical Storage — Disposition
Toxicity Limit
Material (IDLH) Flammability Explosion Hazard Vapor Pressure Disposition

Circulating Water System (cont.)
Proprietary Scale Inhibitor—Saltwater None Established | Not Flammable None Listed Inhalation not a likely |No further analysis required.
(Calcium phosphate, zinc, iron, route of exposure
manganese)
Proprietary Scale Inhibitor— None Established | Not expected to None Listed Solution No further analysis required.
Transition from Saltwater to Reclaimed burn unless all
(Silica based scale inhibitor) water is boiled

away—remaining

organics may be

ignitable
Proprietary Scale Inhibitor— Does not contain |Not Flammable None Listed 16 mmHg @ 100°F | No further analysis required.
Reclaimed (High Stress Polymer with any substance
PSO) that has an

exposure limit
Service Water System
Sulfuric Acid (93% Solution) (pH Addition) |15 mg/m° Not Flammable None Listed 0.001 mm Hg No further analysis required.?)
Proprietary Scale Inhibitor (17.9% 1,000 mg/m® Not Flammable None Listed water/phosphoric No further analysis required.™)
Phosphoric Acid) acid=0.03mmHg
Proprietary Dispersant (Calcium None Established | Not Flammable None Listed Inhalation not a likely |No further analysis required.
phosphate, zinc, iron, manganese) route of exposure
Sodium Hypochlorite (12 Trade Percent) |10 ppm as Cl, Not Flammable None Listed 31.1 mmHg @ 89.6°F |Toxicity Analysis ®)
(12.5% Weight
Percent)
Demineralized Water System
Proprietary Scale Inhibitor— 1,000 mg/m*® Not Flammable None Listed water/phosphoric No further analysis required.™
(30% Phosphoric Acid) acid=0.03mmHg
Sodium Bisulfite (25% Solution) 5 mg/m?3 @) Not Flammable None Listed Solid—in a solution No further analysis required. TWA
established for solid—not
applicable to solution.

Sulfuric Acid (93% Solution) 15 mg/m° Not Flammable None Listed 0.001 mm Hg No further analysis required.?)
Reverse Osmosis (RO) Cleaning Chemicals
Proprietary Reverse Osmosis Cleaning None established |Not Flammable None Listed Solid—in a solution No further analysis required.
Chemical (EDTA Salt, Percarbonate Salt,
Phosphonic Acid, Tetrasodium Salt)
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PTN COL 2.2-1 Units 6 & 7 Onsite Chemical Storage — Disposition
Toxicity Limit
Material (IDLH) Flammability Explosion Hazard Vapor Pressure Disposition

Reverse Osmosis (RO) Cleaning Chemicals (cont.)

Proprietary Reverse Osmosis Cleaning
Chemical (Hydroxyalkanoic acid,
Inorganic phosphate, EDTA Salt)

None established

Not Flammable

None Listed

Solid—in a solution

No further analysis required.

Steam Generator Blowdown System

Hydrazine-oxygen scavenger
(35% solution)

50 ppm

4.7-100 percent

Vapor may explode

14 mmHg @ 77°F

Toxicity Analysis

Flammability Analysis

Explosion Analysis

Carbohydrazide—oxygen scavenger
(Shut Down)

None established

Not
flammable-unless
water is boiled
away and chemical
is heated

None Listed

12 mm Hg @ 20°C

No further analysis required.

Morpholine

1,400 ppm®

1.4-11.2 percent

Vapor may explode

6 mmHg @ 68°F

Toxicity Analysis

Flammability Analysis

Explosion Analysis

Standby Diesel Fuel Oil System

No. 2 Diesel Fuel Qil-Diesel Generator None Established | 1.3-6.0 percent None Listed 0.100 psi @ 100°F No further analysis required—low

Day Tank vapor pressure.(k)

No. 2 Diesel Fuel Oil-Ancillary Diesel None Established | 1.3-6.0 percent None Listed 0.100 psi @ 100°F No further analysis required—low

Generator vapor pressure.®)

No. 2 Diesel Fuel Oil-Diesel Fire Pump None Established | 1.3-6.0 percent None Listed 0.100 psi @ 100°F No further analysis required—Ilow

Day Tank vapor pressure.(k)

Fire Protection System

No. 2 Diesel Fuel Oil None Established | 1.3-6.0 percent None Listed 0.100 psi @ 100°F No further analysis required—Ilow
vapor pressure.*)

Plant Gas System

Nitrogen-Liquid Asphyxiant Negligible None Listed 1.931 psi @ -344°F | Toxicity Analysis—consider as
asphyxiant

Nitrogen Gas Asphyxiant Not Flammable None Listed 1.931 psi @ -344F° | Toxicity Analysis—consider as
asphyxiant

Hydrogen Gas Asphyxiant 4.0-75 percent Vapor may explode |1.231 psi @ -434°F | Toxicity Analysis—consider as

asphyxiant

Flammability Analysis

Explosion Analysis

2.2-67

Revision 0




USCA Case #16-1081  Document #1638%@3’ Point Unjtsi6 8of21/2016  Page 213 of 278

COL Application
Part 2 — FSAR

Table 2.2-208 (Sheet 4 of 4)

PTN COL 2.2-1 Units 6 & 7 Onsite Chemical Storage — Disposition
Toxicity Limit
Material (IDLH) Flammability Explosion Hazard Vapor Pressure Disposition

Plant Gas System (cont.)

Carbon Dioxide-Liquid 40,000 ppm Not Flammable None Listed 907.299 psi @ 75°F | Toxicity Analysis—consider as
asphyxiant

Carbon Dioxide Gas 40,000 ppm Not Flammable None Listed 907.299 psi @ 75°F | Toxicity Analysis—consider as
asphyxiant

Central Chilled Water System

Sodium Molybdate (Corrosion Inhibitor)  [5 mg/m? (as Mo) [Not Flammable None Listed Solid in a solution No further analysis required (™

0]

Ethylene Glycol None Established |3.2—15.3 percent |Vapor may explode |0.003 psi @ 90°F No further analysis required—low

vapor pressure. ("

Time Weighted Average (TWA)

Ferric chloride in its pure form is a noncombustible solid and therefore has a very low vapor pressure. The IDLH documentation provided by NIOSH provides the following basis for
establishing the 1 mg/m3 TWA limit—"The ACGIH...considers the salts to be irritants to the respiratory tract when inhaled as dusts and mists." Thus, this toxicity limit was established
for the exposure to the solid form. Note, there is no IDLH established for this chemical. Therefore, an air dispersion hazard resulting from the formation of a toxic vapor cloud is not a
likely route of exposure.

Lime (calcium hydroxide) is listed as a noncombustible solid and with a very low— approximate vapor pressure of 0 mmHg. The tOX|C|ty data provided by NIOSH provides the following
basis for the standard established by OSHA for general industry: "8 hour time-weighted average 15 mg/m total dust" and "5 mg/m respirable fraction." Thus, this toxicity limit was
established for the exposure to the solid form. Therefore, an air dispersion hazard resulting from the formation of a toxic vapor cloud is not a likely route of exposure.

Sulfuric acid has a very low vapor pressure and therefore an air dispersion hazard resulting from the formation of a toxic vapor cloud is not a likely route of exposure.

Sodium hypochlorite does not have a determined IDLH value listed in NIOSH; however, MSDS have listed a toxicity limit for sodium hypochlorite as 10 ppm—as chlorine. Speculation
exists on the exact chlorine species that are present in the vapor. The vapor pressures of sodium hypochlorite solutions are less than the vapor pressure of water at the same
temperature. However, because of the potential for sodium hypochlorite to decompose and release chlorine gas upon heating, sodium hypochlorite was conservatively evaluated for
toxicity.

Sodium bisulfite in its pure form is a noncombustible solid and therefore has a very low vapor pressure. The IDLH documentation provided by NIOSH provides the following basis for
establishing the 5 mg/m3 TWA limit—"the 5- mg/m3 limit was proposed because it represents a limit below that established for physical irritant particulates, and this limit reflects the
irritant properties of sodium bisulfite. And, in the judgement of the ACGIH "inhalation of or contact with the dust would result in high local concentrations [of sodium bisulfite] in contact
with high local concentrations of sensitive tissue. Thus, this toxicity limit was established for the exposure to the solid form is not applicable to the solution. Note, there is no IDLH
established for this chemical. Therefore, an air dispersion hazard resulting from the formation of a toxic vapor cloud is not a likely route of exposure.

Sodium hydroxide in its pure form is a noncombustible solid and therefore has a very low vapor pressure. The IDLH documentation provided by NIOSH provndes the following
description of the substance—"colorless to white, odorless solid (flakes, beads, granular form)" and provides the following basis for establishing the 10 mg/m IDLH limit for the solid
form—"the revised IDLH for sodium hydroxide is 10- mg/m based on acute inhalation toxicity data for workers [Ott et al. 1977]" where the reference for Ott et. al gives the following
description "Mortality among employees chronically exposed to caustic dust". Thus, this toxicity limit was established for the exposure to the solid form is not applicable to the solution.
Therefore, an air dispersion hazard resulting from the formation of a toxic vapor cloud is not a likely route of exposure.

Phosphoric acid in its pure form i |s a noncombustible solid and therefore has a very low vapor pressure. The IDLH documentation provided by NIOSH provides the following basis for
the original IDLH of 10,000 mg/m —according to the Manufacturing Chemists Association, phosphoric acid does not cause any systemic effect and the chance of pulmonary edema
from mist or spray inhalation is very remote. And, the basis for the revised IDLH for phosphoric acid, 1,000 mg/m®, is based on acute oral toxicity data in animals. Therefore, an air
dispersion hazard resulting from the formation of a toxic vapor cloud is not a likely route of exposure.

The IDLH documentation provided by NIOSH states that based on health considerations and acute inhalation toxicity data in humans and animals, a value of 2000 ppm would have
been appropriate for morpholine. However, the revised IDLH for morpholine is 1400 ppm based strictly on safety considerations (i.e., being 10% of the lower explosive limit of 1.4%)
Not used.

Diesel Fuel has a low vapor pressure and therefore an air dispersion hazard resulting from the formation of a flammable vapor cloud is not a likely route of exposure.

Threshold Limit Value (TLV)

Sodium molybdate is a noncombustible solid and therefore has a very low vapor pressure. There is no IDLH or other toxicity limits for sodium molybdate. There are, however, IDLH,
PEL and TLVs for molybdenum. These exposure limits are based upon dusts, inhalable and respirable fractions. Therefore, an air dispersion hazard resulting from the formation of a
toxic vapor cloud is not a likely route of exposure.

Ethylene glycol has a low vapor pressure and therefore an air dispersion hazard resulting from the formation of a flammable vapor cloud is not a likely route of exposure.

Source: References 217, 233, 234, 235, 247, 248, 249, 250, 251, 252, 253, 254, 255, 256, and 257
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Toxicity Limit
Material (IDLH) Flammability | Explosion Hazard Vapor Pressure Disposition

Bromotrifluoromethane 40,000 ppm Not flammable None listed 1,436,150 Pa at Toxicity Analysis

(Halon 1301) 293.15°K

Diesel Fuel Oil (High Sulfur) | None Established 1.3-6.0 percent None listed 0.100 @ 100°F No further analysis required-low
vapor pressure(@

Diethylene Glycol Monobutyl | None Established Not flammable None listed 0.159 @ 220°F No further analysis required

Ether

Gasoline 300 ppm(b) 1.4-7.4 percent Vapor may explode 4,703.3 Pa @ Toxicity Analysis

293.15°K Flammability Analysis

Explosion Analysis

Hydrazine(") 50 ppm 4.7-100 percent | Vapor may explode 144 mmHg @ 77°F No further analysis required(c)

Jet Fuel 200 mg/m3(b) 0.6-4.9 percent Vapor may explode 0.1 psi@ 100°F Explosion Analysis—no
flammability/toxicity analysis
required low vapor pressure(a)

Nitrogen Gas(©) Asphyxiant Not flammable None listed 1.93 psi @ —344°F No further analysis required(©

Oxygen May displace air and Not flammable None listed 363,385 Pa at Toxicity Analysis-consider for

cause an oxygen 104.47°K oxygen enriched environment
enriched environment
Propane 2,100 ppm 2.1-9.5 percent Vapor may explode 837,489 Pa at Toxicity Analysis

293.15°K

Flammability Analysis

Explosion Analysis

(a) Solids and 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.
(b) Threshold limit value/ time-weighted average (TLV-TWA).
(c) Homestead Air Reserve Base storage of hydrazine and nitrogen is bounded by Turkey Point onsite storage of hydrazine and nitrogen.
Source: References 217, 233, 234, and 235
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Table 2.2-210
Transportation — Navigable Waterway, Turkey Point Lateral Pipeline, and
Onsite Transportation Route — Disposition

PTN COL 2.2-1

Toxicity Limit
Material (IDLH) Flammability Explosion Hazard Vapor Pressure Disposition
Navigable Waterway
Residual Fuel Oil None 1-5 percent None listed 0.100 psi @ 100°F No further analysis
established required—hazard analysis

bounded by residual fuel
storage at Units 1-5 (@) (©)

Turkey Point Lateral Pipeline

Natural Gas Asphyxiant 5-15 percent Vapor may explode 258,574.0 mm Hg @ | Toxicity Analysis-consider as
(methane) 100°F asphyxiant

Flammability Analysis

Explosion Analysis

Onsite Transportation Route

Unleaded Gasoline | 300 ppm(b) 1.4-7.4 percent Vapor may explode 4,703.3 Pa @ Toxicity Analysis
293.15°K

Flammability Analysis

Explosion Analysis

(a) Solids and 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.

(b) Threshold limit value/ time-weighted average (TLV-TWA).

(c) Asdescribed in Subsection 2.2.2.4, because of the storage of residual fuel oil at the Turkey Point site, (2) 268,000 barrel tanks exceeds the quantity transported
by a barge, the analysis of residual fuel oil located in the storage tanks is bounding and, therefore, no further analysis is required.

Source: References 217, 233, 234, and 235
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Table 2.2-211

Atmospheric Input data for the ALOHA Model

Menu Parameter Input Basis
Site Atmospheric Data
Site Data Number of Air 0.391 air Outdoor air exchange rate for control room
Exchanges exchanges per
hour
Site Data Date and Time June 21, 2007/ June 21, 2007/June 20, 2008 at 12 noon was chosen because temperatures are
June 20, 2008 highest in the summer during midday. Higher temperatures lead to a higher
evaporation rate and thus a larger vapor cloud. The position of the sun for the
See date and time is used in determining the solar radiation, thus the summer
Table 2.2-212 for | solstice date will provide the most conservative assumption for solar radiation.
Times
June 21, 2007/June 20, 2008 at 5 am was chosen for those Pasquill classes
defined as “nighttime.”

Setup/Atmospheric | Wind 10 meters ALOHA calculates a wind profile based on where the meteorological data is

Measurement taken. ALOHA assumes that the meteorological station is at 10 meters. The

Height National Weather Service usually reports wind speeds from a height of 10
meters. Wind rose data for this project was also taken at a height of 10 meters.
Additionally, the surface wind speeds for determining the Pasquill Stability Class
are defined at 10m.

Setup/Atmospheric | Air Temperature | 90.4°F Air temperature influences ALOHA's estimate of the evaporation rate from a
puddle surface (the higher the air temperature, the more the puddle is warmed
by the air above it, the higher the liquid’s vapor pressure is, and the faster the
substance evaporates). The maximum annual normal (1% exceedance) annual
dry bulb temperature calculated, 90.4°F, was selected as a conservative value.

Setup/Atmospheric | Inversion Height | None An inversion is an atmospheric condition that serves to trap the gas below the
inversion height thereby not allowing it to disperse normally. Inversion height has
no affect on the heavy gas model. And, most inversions are at heights much
greater than ground level.

Setup/Atmospheric Humidity 50% ALOHA uses the relative humidity values to estimate the atmospheric

transmissivity value; estimate the rate of evaporation from a puddle; and make
heavy gas dispersion computations. Atmospheric transmissivity is a measure of
how much thermal radiation from a fire is absorbed and scattered by the water
vapor and other atmospheric components.

Source: References 217 and 240
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PTN COL 2.2-1 Table 2.2-212
ALOHA Meteorological Sensitivity Analysis Inputs

Surface Wind Speed

Stability Class (ml/s) Cloud Cover Date/Time
A 1.5 0% June 21, 2007/12 noon or
June 20, 2008/12 noon
B 1.5 50% June 21, 2007/12 noon or
June 20, 2008/12 noon
B 2 0% June 21, 2007/12 noon or
June 20, 2008/12 noon
C 3 70% June 21, 2007/12 noon or
June 20, 2008/12 noon
E 2 50% June 21, 2007/5 am or
June 20, 2008/5 am
F 2 0% June 21, 2007/5 am or
June 20, 2008/5 am
F 3 0% June 21, 2007/5 am or
(only modeled for vapor June 20, 2008/5 am

clouds taking greater
than 1 hour to reach the
control room)

C 3 50% June 21, 2007/12 noon or
June 20, 2008/12 noon

D 3 50% June 21, 2007/5 am or
June 20, 2008/5 am

C 55 0% June 21, 2007/12 noon or
June 20, 2008/12 noon

D 55 50% June 21, 2007/12 noon or

June 20, 2008/12 noon

Source: References 217 and 239
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Table 2.2-213
Design Basis Events — Explosions
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Safe Distance for

Distance to Explosion to have Thermal
Heat of Nearest less than 1 psi of | Radiation Heat
Chemical Combustion Safety-Related Peak Incident Flux Resulting
Source Evaluated Quantity (Btu/lb) Structure Pressure from a BLEVE
Road: Onsite Transport Gasoline 50,000 pounds 18,720 Btu/lb 2,054 feet 266 feet N/A
Pipeline: Turkey Point Natural Gas 30,302 pounds(®) 21,517 Btu/lb 4,535 feet 3,097 feet N/A
Lateral
Onsite (Includes Units 1 Acetylene 3,000 pounds 20,747 Btul/lb 4,300 feet 1,416 feet N/A
thru through ) Ammonium 40,000 gallons 7,992 Btu/lb 5,079 feet 296 feet N/A
Hydroxide
Hydrazine 1,100 gallons 8,345 Btu/lb 2,727 feet 170 feet N/A
Hydrogen 110,000 cubic 50,080 Btu/lb 3,966 feet 1,098 feet N/A
feet(©
Propane 500 gallons 19,782 Btu/lb 4,168 feet 1,299 feet 0.0878 kW/m?
Onsite (Includes Methanol 25,000 gallons 8,419 Btu/lb 5,581 feet 344 feet N/A
Units 6 &7) Hydrazine 800 gallons 8,345 Btu/lb 218 feet 153 feet N/A
(35% solution)
Morpholine 800 gallons 20,000 Btu/lb 218 feet 136 feet N/A
Hydrogen(®) 13,334 standard 50,080 Btu/lb 560 feet 544 feet N/A
cubic feet
Offsite (Homestead Air Gasoline 137,104 pounds 18,720 Btu/lb 25,133 feet 372 feet N/A
Reserve Base) Jet Fuel 23,251,606 18,540 Btu/lb 2,232 feet N/A
pounds
Propane 185,865 pounds 19,782 Btu/lb 5,513 feet N/A

(a) A simultaneous detonation of all the tubes contained in a 40,000 scf hydrogen tube bank is not a likely scenario. If a rupture and subsequent detonation of a single
tube were to occur the event could likely trigger another tube failure and detonation, but these events would occur consecutively, not simultaneously. Therefore,
detonation of mass from a single tube in hydrogen bank is the most plausible scenario; however, for conservatism, it was assumed that a catastrophic accident
could result such that one-third of the tubes could rupture and detonate simultaneously.

(b) Quantity of natural gas released over 5 seconds after a postulated pipeline rupture.

(c) Conservatively, the total hydrogen gas capacity for Units 1-5 was evaluated in lieu of the volume of the largest container.
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Table 2.2-214

PTN COL 2.2-1 Design-Basis Events, Flammable Vapor Clouds (Delayed Ignition) and Vapor Cloud Explosions
Thermal Radiation
Distance to Heat Flux at
Nearest Safe Distance for Nearest
Chemical Evaluated & Safety-Related Vapor Cloud Safety-Related
Source Quantity Structure Distance to LFL(@ Explosions (@ Structure
Road: Onsite Transport Gasoline 2,054 feet 222 feet 780 feet 2.776 kW/m?
(50,000 pounds)
Pipeline: Turkey Point Natural Gas 4,535 feet 750 feet 3,033 feet 0.261 kW/m?2(®)
Lateral
Onsite (Includes Units 1 Acetylene (3,000 4,300 feet 909 feet 1,242 feet 0.162 kW/m?
through 5) pounds)
Ammonium Hydroxide 5,079 feet 525 feet(©) 1,407 feet ©) 0.900 kW/m?
(40,000 gal)
Hydrazine (1,100 gal) 2,727 feet 42 feet No Detonation(@) 0.271 kW/m?
Hydrogen (45,000 scf) 3,966 feet 720 feet 828 feet 0.033 kW/m?
Propane (500 gal) 4,168 feet 714 feet 1,416 feet 0.090 kW/m?
Onsite (Includes Units 6 & 7) | Hydrazine (800 gal) 218 feet < 33 feet(©) No Detonation N/A
(35% solution) (c)(d)
Hydrogen Tube Bank 560 feet 351 feet(© 528 feet(©) 2.344 KW/m?
(40,000 scf)
Methanol (25,000 gal) 5,581 feet 177 feet 444 feet 0.592 kW/m?
Morpholine (800 gal) 218 feet < 33 feet No Detona(ti)(()r; N/A
c)(d
Offsite (Homestead Air Gasoline (137,104 Ib) 25,133 feet 396 feet 1,260 feet 0.051 kW/m?
Force Base) Propane (185,865 Ib) 2,190 feet 4,770 feet 0.078 KW/m?

(a) Worst-case scenario meteorological condition was F stability class at two meters per second
(b) Thermal radiation heat flux resulting from a jet fire at the pipeline break.
(c) Urban or Forest ground roughness selected
(d) “No detonation" is listed when ALOHA reports that there is no detonation of the formed vapor cloud-that is no part of the cloud is above the LEL at any time.
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Table 2.2-215 (Sheet 1 of 2)
Design-Basis Events, Toxic Vapor Clouds
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Maximum
Distance to Control Room
Nearest Control Distance to Concentration
Source Chemical Quantity IDLH®@) Room (feet) IDLH (feet) (ppm)
Road: Onsite Transport | Gasoline 50,000 pounds 300 ppm®) 2,084 1,962 69.99
Pipeline: Turkey Point | Natural Gas 2,036,620 pounds Asphyxiant 4,535 3,456 523
Lateral
Onsite (Includes Units 1 | Acetylene 3,000 pounds Asphyxiant 4,331 2,169 45.99
through 5) Ammonium 40,000 gallons 300 ppm 5,110 15,312 239(d)©)
Hydroxide(©)
Argon 3,000 pounds Asphyxiant 4,001 42 10.8@
Carbon Dioxide 9,000 pounds 40,000 ppm 4,001 672 93.3(@
Chlorine 150 pounds 10 ppm 2,994 3,603 0.824@
Hydrazine 1,100 gallons 50 ppm 2,758 2,181 8.52(d)
Hydrogen 45,000 scf Asphyxiant 4,001 264 53.9(d)
Muriatic Acid 110 gallons 50 ppm 4,429 2,175 0.966(@
Nitrogen Gas 100,000 scf Asphyxiant 3,596 396 1449
Nitrogen Liquid 3,500 gallons Asphyxiant 3,596 831 122
Oxygen 3,000 pounds | May displace air 4,329 72 14.99)
and cause an
oxygen enriched
environment
Propane 500 gallons 2100 ppm 4,198 1,626 5.83(@)
Sodium Hypochlorite 6,000 gallons 10 ppm as 5,232 90 0.00467©)(d)
Chlorine
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Maximum
Distance to Control Room
Nearest Control Distance to Concentration
Source Chemical Quantity IDLH(@) Room (feet) IDLH (feet) (ppm)
Onsite (Includes Units 6 | Carbon Dioxide 12,160 pounds 40,000 ppm 561 feet 411 feet 1,380 ppm c)d)
&7) Carbon Dioxide- 12,000 pounds 40,000 ppm 561 feet 951 feet| 1,400 ppm(©(d)
Liquid
Hydrazine 800 gallons 50 ppm 253 feet 432 feet 30.7 ppm(c)(d)
(35% solution)
Hydrogen Tube Bank | 40,000 standard Asphyxiant 561 feet N/A 521 ppm(c)(d)
cubic feet
Methanol 25,000 gallons 6,000 ppm 5,660 feet 1,128 feet 76.8 ppm@
Morpholine 800 gallons 1,400 ppm 253 feet < 33 feet 18.3 ppm(c)(d)
Nitrogen 20,34.2 pounds Asphyxiant 561 feet N/A 363 ppm(c)(d)
Nitrogen-Liquid 1,500 gallons Asphyxiant 561 feet N/A 885 ppm©)d)
Sodium Hypochlorite 20,000 gallons 10 ppm as 5,660 feet 306 feet 0.0412 ppm(d)
(Reclaimed Water Chlorine
Treatment Facility)
Sodium Hypochlorite 12,000 gallons 10 ppm as 807 feet 240 feet 0.349 ppm(d)
(Cooling Tower) Chlorine
Sodium Hypochlorite 800 gallons 10 ppm as 253 feet <33 feet| 0.0454 ppm(c)(d)
(Turbine Building) Chlorine
Offsite (Homestead Air | Halon 1301 5,440 pounds 40,000 ppm 25,133 feet 156 feet 0.0154 ppm(e)
Reserve Base) Gasoline 137,104 pounds 300 ppm® 3,210 feet 1.12 ppm®
Oxygen 36,561 pounds | May displace air 243 feet 5.31 ppm®
and cause an
oxygen enriched
environment
Propane 185,865 pounds 2,100 ppm 8,448 feet 11.2 ppm®
(a) Immediately Dangerous to Life or Health (IDLH)
(b) Threshold Limit Value/ Time-Weighted Average (TLV-TWA)
(c) Calculation was modeling selecting the Urban or Forest for Ground Roughness
(d) Worst-case scenario meteorological condition was F stability class at two meters per second
(e) Worst-case scenario meteorological condition was F stability class at three meters per second
(f)  Worst-case scenario meteorological condition was D stability class at 5.5 meters per second
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Figure 2.2-202 Airport and Airway Map
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ATTACHMENT 2

Calculation 32-2400572-02,
“Natural Gas Pipeline Hazard Risk Determination”
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A - CALCULATION SUMMARY SHEET (CSS)
FRAMATOME ANP ' '

Document Identifier 32 - 2400572 - 02

Title Natural Gas Pipeline Hazard Risk Determination
REVIEWED BY:
PREPARED BY: meTHOD: [XI pevatep cHECK ] INDEPENDENT CALCULATION
NAME _S.T. Thomson ‘ NAME _ JH. Snooks
SiGNATURE Q Sz \ 1 hommdon SIGNATURE
TIMLE __ Sr Engineer DATE 4 /{tp JOH TME v Consultant oate  I{{1] 30D
COST CENTER 41739 REF. PAGE(S) 9 TM STATEMENT: REVIEWER INDEPENDENCE 7)oy

This document including the information contained herein and any associated drawings, is the property of Framatome
ANP, Inc. It contains confidential information and may not be reproduced or copied in whole or in part nor may it be
furnished to others without the expressed written permission of Framatome ANP, Inc., nor may any use be made of it
that is or may be injurious to Framatome ANP, Inc. This document and any associated drawings and any copies that
may have been made must be returned upon request.

PURPOSE AND REASON FOR REVISION 02:

This calculation has been revised to include the natural gas transmission incident data and telephonic incident notifications as
an attachment. Also, the number of explosions was increased from six to seven to include an incident where both an ignition
* explosion occurred {l.e., NRC no. 437627). Therefore, the estimated gas line rupture and subsequent hazards yearly

Jability was recalculated and has been revised to 9.44x10°®.
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Naturat Gas Pipeline Hazard Risk Determination Revision 2
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Record of Revisions

Affected Section Description
-..and/or Page(s) | (Include changes to calculation attachments, microfiche, and electronic media).
Revision 01 Dated December 12, 2003.
Pg2 Added Record of Revisions page as required by procedure.
Pg3 Revised Table of Contents page numbers corresponding to calculation sections and
attachments.
Attachment 4 (Pg Revised Section 6.0 to note use of a computer benchmark test case.
21)

Attachment 10 (Pgs
38-42)

Added ALHOA benchmark test case.

Attachment 11 (Pgs
43-45)

Added Design Verification Checklist as required by procedure, effective
11/26/2003.

Valid and current pages: 1-45

Revision 02 Dated January 16, 2004 — new CSS

Pg 2 Added Record of Revisions associated with Revision 2

TOC, Pg 3 Table of Contents — Revised heading for Attachment 3

Sec. 2.0,Pg4 1™ paragraph, 4" sentence — inserted ‘(transmitted)’ after “being sent™.

Sec.3.0,Pg 5 For equation ‘P’, chanzad ‘Missile impact’ to ‘Missile generation’.

Sec.5.0,Pg5S Revised Input/Assumption No.3 — deleted ‘and hence will be neglected in the
probabilistic evaluation’ and added the following: ‘If a rupture length is not
reported, it is assumed to be zero.’

Sec.6.1,Pg 5 Revised wording for ‘I’ (i.e., included the word ‘rupture’).

Sec.6.1.1, Pg 6 3" paragraph, 6 sentence —added the following: - *(see Table 1, Note 8)’.

Sec.6.1.2,Pg6 1% paragraph, 2™ sentence - added ‘be’ between ‘must’ and ‘an’. Revised the 1st
sentence of 2™ paragraph and revised ‘Rey’.

Sec. 6.1.4J Pg 7 Revised ‘PEx_&osi_on'-

Sec.6.2,Pg 8 Last sentence, changed “detonation’ to ‘explosion’ probability and revised ‘Ppiee

Sec. 6.4, Pg 8 Revised ‘P’

Sec.7.0,Pg9 Revised yearly probability from 8.08x10™ to 9.44x10°, 2 sentence of last
paragraph.

Table 1, Pg 11 Revised table input and Notes 1, 3 and 4. Added Notes 5 through 8.

Attachment 3 Revised Pg 17: added reference source information for the table attachment.

Also added pages 172,b,c,d.e,f,g&h — Incidents and Telephonic Records 1998 -
2001 as well as noted this on Pg 17.

Attachment 11

Replaced the Design Verification Checklist for Revision 1 with that for Revision

2.

Valid and current pages: 1-45, including 17a,b,c,d.e.f.g&h
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1.0 PURPOSE AND OBJECTIVE

This calculation evaluates the hazard at the proposed National Enrichment Facxlxty (NEF) in
" Eunice, New Mexico due to the presence of a natural gas pipeline.

The evaluation is part of the Integrated Safety Analysis (ISA) for the proposed site, as required
by 10 CFR Part 70. It was performed in accordance with the Framatome ANP (FANP) Quality
Assurance Program.

20 BACKGROUND

A 16-inch natural gas line runs along the southern boundary of Section 32, Township 21 South,
Range 38 East, New Mexico Meridian, Lea County, New Mexico. The proposed NEF site
(Figure 1) is situated north of New Mexico Highway 234 within Section 32. Sid Richardson
Energy Services Co. (SRESCo), located in Jal, New Mexico, operates the pipeline. Information
gathered from SRESCo via telephone revealed that the pipeline is a low-pressure line (<50 psi)
that carries “wet sour gas,” which is unprocessed, field gas from the well being sent (transmitted)
for processing (Attachment 5). The gas line is buried to a depth of about 3 feet. The gas
composition is approximately 72% methane, 11% ethane, 7% propane, and <1% hydrogen
sulfide. The gas line flow is between 200-500 thousand cubic feet per day. It is 14-15 miles in
length, with manual block valves at each end and in the middle. There also is a check valve at
the connection with the main service line located near Eunice and Highway 234. At its closest
approach, the pipeline is about 1800 feet (ft) from the Technical Services Building (TSB), the
nearest critical NEF structure (Figures 1 and 2).,

Following a postulated rupture of a segment of the gas pipeline shown in Figure 1, natural gas
will be discharged into the atmosphere. The released gas mixes with the atmosphere and forms a
vapor cloud. Depending on the environmental conditions, this vapor cloud will rise (due to
buoyancy effects) and travel away from the rupfure location. The vapor cloud may explode (or
detonate). When this occurs, the shock wave associated with such an explosion may create an
overpressure on plant structures. Also, the dynamic impulse from such an explosion may propel
objects or missiles in the vicinity of the explosion towards the NEF structures and may
structurally damage critical buildings. Alternatively, the vapor cloud may ignite and form a
fireball, resulting in radiant heat that could cause potential structural damage.

Based on the above discussion, the hazards posed by an accidental rupture of the gas pipeline
therefore consist of:

a. Overpressure on plant structures due to shock waves generated by detonation or
explosion of the gas cloud from mixing of the released gas and the atmosphere.

b. . Impact by missiles propelled by air bursts from detonation or explosion of the gas
cloud.

c. Radiant heat flux on plant structures due to combustion of the gas/air mixture in the
gas cloud (thermal impact).
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30 METHOD OF ANALYSIS

This calculation uses a hazard model to estimate the likelihood of a gas line rupture and
subsequent hazards that could impact NEF plant operatxons In its general form, the probabxhty,
P, of an incident occurring that affects plant structures is

P= PExplosion + Pwissile generationt Prhermal impact
40 ACCEPTANCE CRITERIA
A natural gas pipeline incident is an external event. In accordance with NUREG-1520, Section
3.4 (Reference 1), an external event is considered not credible if the probablhty of the event
initiation is less than 10 per year. If the probability is greater than 10° per year, the event is
considered credible and must be evaluated further.
5.0 INPUT & ASSUMPTIONS

The analysis input and assumptions are as follows:

1. The pipeline diameter is 16 inches, with an operating pressure of 50 psi (Attachment

5).

2. The gas released is methane, which is the major constituent of wet sour gas
(Attachment 5).

3. Ruptures less than 0.1 foot in length are assumed to be unable to cause a plant hazard.

If a rupture length is not reported, it is assumed to be zero.

4, The external walls of the proposed NEF buildings that house critical components are
made of concrete (Reference 10) and able to withstand an explosion as determined by
the safe separation distance in Regulatory Guide 1.91 (Reference 3).

6.0 ANALYSIS AND RESULTS

6.1  Probability of Pipeline Explosion
The general form for the probability of a pipeline explosion is

P=IXRcxD
where,
I = gas line rupture incident rate per mile
Rc = conditional probability that a significant incident will occur given an incident
D = exposure distance in miles
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6.1.1 Probability of Pipeline Incident (I)

Historical data on pipeline accidents are available through the Office of Pipeline Safety (OPS)
official website (Reference 7). Attachment 1 shows the incident summary statistics from 1986 to
2002. Attachment 2 contains the incident summary by cause for years 1998, 1999, 2000, and
2001. Data from these four years will be used to evaluate the yearly probability of a plpe '
rupture. The annual mileage of natural gas transmission pipelines in the country is given in
Attachment 3. Only the “onshore” mileage is used in this evaluation.

Also available from the OPS website (Reference 7) are the detailed account of each reported
incident, including incident address, incident date, type of incident and rupture length for a
rupture incident as well as telephonic records of incidents involving chemical releases. The
telephonic records contain information on incident description, and are used here to determine
the number of incidents that involve explosions.

Table 1 synthesizes the information in Attachments 1 through 3, the detailed transmission
incident accounts, and the telephonic incident notifications for years 1998 to 2001." The
telephonic records for 1998 and 2001 are only from January to June of each year. The number of
on-shore rupture incidents and total mileage for these two years, as a result, are divided by two.
The number of incidents that involve an explosion is determined from the telephonic records. If
no telephonic records exist, or no mention is made of an explosion for an incident, no explosion
is assumed for that incident. This is reasonable since an explosion would be reported if it did
occur (see Table 1, Note 8). Also, if 2 rupture length is not reported, it is assumed to be zero.
Only rupture incidents with a rupture length of greater than 0.1 ft are able to cause a plant hazard
(Input/Assumption 3).

From Table 1, the annual incident rupture rate is

I = 50 ruptures/873,305 miles = 5.73 x 10 ruptures/mile
Hence, the probability of rupture of the pipeline under evaluation is 5.73 x 10°% ruptures per mile.
6.1.2 Conditional Probability of Significant Incident (Rc)
The conditional probability of a significant incident, R, has two parts. Given a pipeline
incident, in this case a rupture, there must be an explosion (Rcy), and given an explosion it must
be substantial (R¢y) - i.e., be a detonation to affect plant buildings.
From Table 1, seven ruptures out of the 50 (with a rupture length greater than 0.1 foot) involved

explosions. Hence the fraction of explosion events is
Rc1=7/50=0.14

* As of the date of this calculation, transmission data for 2002 to the present was available; however, telephonic
incident notifications through 2001 were only available. Therefore, this calculation is based on daia between 1998
and 2001.
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As stated above, given an explosion it must be significant - i.e., a detonation, but not every
explosion is a detonation. Instead, most explosions are deflagrations, which produce much less
severe consequences than a detonation. Reference 5 suggests 2 denotation rate, R, given an
explosion of 0.28, which is considered conservative (Attachment 7). Therefore, in this
caleulafion, o v ol _

R =0.28
6.1.3 Exposure Distance (D)

The exposure distance, D, is a function of the safe separation distance. If an explosion occurs
beyond the safe separation distance for a plant critical structure, then the structures will be
unaffected.

The exposure distance has two parts: the distance to the gas upper and lower explosion limits
(UEL and LEL), D), and the safe separation distance, D;. D, is determined by employing the
computer program ALOHA (Reference 6) to calculate the concentrations of gas from a
postulated gas release along a direct pathway to the NEF. D2 is determined following
Regulatory Guide 1.91 (Reference 3) and using the ALOHA results.

As shown in Attachment 4, D, the distance to the LEL is 4,095 ft and D;, the safe separation
distance, is 1,471 ft., for a total of 5,566 ft. This means that NEF critical structures must be at
least 5,566 ft (1.05 miles) from the point of explosion. Using this distance as a radius, then
swinging an arc from the approximate edge of the TSB, intersects the gas pipeline at two points
(Figure 1). The distance of the cord between the two points is the exposure distance, D (Figure
1), with the maximum distance possible being two times the radius. Hence, for conservatism,

D=2x 1.05=2.1 miles
6.1.4 Final Probability of Pipeline Explosion
The final probability of a pipeline explosion is

Pexplosion = 5.73 X 10 ruptures (explosions)/mile x 0.14 x 0.28 x 2.1 mile = 4.72 x 10°
ruptures (explosions)
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6.2  Probability of Missile Hazard

The missile generation hazard depends on the detonation strength (TNT-equivalent weight), the
dynamic pressure impulse, the projectile mass, air drag, and the distance between the detonation
center and the facility. Since none of these parameters for the proposed enrichment facility has

“been established, it is conservatively assumed that every détonation will result in a hazard due to
missile impact. Accordingly, the probability of a hazard due to missile generation is the same as
the explosion probability previously calculated in Section 6.1, or

Prissile gencration = 4.72 X 10/ year
6.3  Probability of Thermal Hazard

The thermal radiation hazard depends on the gas release rate, subsequent motion of the vapor
cloud, flame temperature, flame speed, flame emissivity, air transmissivity, and distance between
the vapor cloud and the facility. The gas release rate and subsequent motion of the vapor cloud
for the present analysis are bounded by similar analysis involving a natural gas pipeline
conducted by the Tennessee Valley Authority (TVA) at the Hartsville Nuclear Plants (Reference
9). The pipeline in the TVA analysis had a larger diameter (22 vs. 16 inches) and a higher
operating pressure (560 vs. 50 psi). In addition, the TVA analysis used conservative values for
flame temperature, flame speed, flame emissivity, and air transmissivity, all of which are
applicable to the present evaluation. Lastly, although the distance to the pipeline for the NEF
site is less than the TVA analysis (1800 ft vs. 2650 ft), considering other conservatisms as noted
above, the TVA results for the radiant heat flux would bound those for a detailed analysis of the
pipeline near the NEF. '

The worst-case heat flux to critical plant structures in the TVA analysis was less than 800 Btuw/fi®
(page 2.2-12m, Attachment 9). Based on the above argument, the radiant heat flux to the
proposed NEF is also expected to be less than 800 Btu/ft?. This is substantially less than the heat
flux expected to cause any damage to the concrete NEF structures. From Reference 9 (page 2.2-
121, Attachment 9), a heat flux of about 1750 Btw/ft?> would be needed to cause spontaneous
ignition of wood. The heat flux that would cause damage to concrete is expected to be much
higher. Given the low gas pressure, any fireball would last a very short period of time before the
flame front retreated back to the vicinity of the pipe, approximately 1800 ft from the NEF.
Hence, there is no need to consider the hazard due to heat exposure from combustion of the
gas/air mixture in the gas, resulting in a yearly probability of zero.

6.4  Probability of Hazard due to Gas Pipeline

The final probability of a hazard due to the natural gas pipeline in the vicinity of the proposed
NEF site is the sum of the three hazards:

P=4.72x10%/year +4.72 x 10°/ year + 0 = 9.44 x 10/ year
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7.0 RESULTS AND CONCLUSIONS

A postulated rupture of the gas pipeline near the NEF could pose the following the hazards:

Overpressure on plant structures due to shock waves generated by detonation or

. explosion of the gas cloud from mixing of the released gas and the atmosphere.

Impact by missiles propelled by air bursts from detonation or explosion of the gas cloud.

Radiant heat flux on plant structures due to combustion of the gas/air mixture in the gas
cloud.

A hazard model estimated the likelihood of a gas line rupture and the subsequent hazards that
could impact NEF plant operations. The yearly probability of these hazards is 9.44 x 106/ year.
Therefore, the event is considered credible in accordance with NUREG-1520 (Reference 1).

The objective of this calculation has been met.

8.0

1.

10.
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90 QUALITY ASSURANCE

In addition to Urenco supplied design inputs, FANP is also using design inputs supplied by
Lockwood Greene. Urenco has authorized FANP in writing (Reference 2) to use design inputs

from Lockwood Greene for work in thc preparauon of the NEF Llccnsc Apphcatlon undcr thc
context of the FANP QA program.
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Table 1
Pipeline Statistic for 1998 to 2001
(Source: Official website of Office of Pipeline Safety: ops.dot.gov, Reference 7)

41998 - J1999 - 2000  ]2001 - '} Total

Rupture 24/2=12 16 24 16/2=8 60
Rupture>0.1' | 21/2=11 11 22 11/2=6 50
Total 295,598/2 = | 290,083 292,957 284,932/2 = | 873,305
Mileage 147,799 142,466
No. Ignition | 6 5 S l 17
No. 3 3 1 0 7 '
Explosion

otles:

1. Only rupture incidents involving rupture lengths greater than 0.1 foot are considered. Unreported rupture

lengths are assumed to be zero. (Input/Assumption 3)

Information on incident types (i.¢., ruptures) is based on natural gas transmission incident data.

Information on incidents and explosions is based on telephonic incident notifications. The number of ignitions

(fires) is for informational purposes. Ignition incidents include NRC Nos. (1998) 420106, 421437, 427286,

430284, 436523, 437627 (also associated with an explosion), (1999) 474992, 487294, 490844, 498467, 506063,

{2000) 527789, 528256, 534705, 548619, 549015 and (2001) 560330. '

4, Two ruptures in 1998 (dated 1/26/98 and 3/20/98) were associated with off-shore incidents and not included in
the overall rupture total or in the rupture>0.1° total. Also note that in 1998, for one incident, (NRC no. 433654),
two pipes ruptured; therefore, this was counted as two pipe ruptures in the rupture and rupture>0.1°* totals,

5. Referring to Attachment 3 — Incidents and Telephonic Records 1998 - 2001, note that some incidents were not
indicated 1o be a ‘ruplure’ type incident on the transmission incident data report, although the telephonic
incident notifications indicated a rupture occurred. Therefore if a rupture length of >0.1” was associated with an
on-shore, non-rupture incident type, it was counted in the rupture and rupture>0.1° totals. This applies to the
year 2000 (i.c., NRC No. 520444, dated 2/18/2000 — indicated to be a leak type incident).

6. Reported explosion incidents include NRC Nos. (1998) 424160, 426483, 437627, (1999) 472803, 476123,
491766 and (2000) 551181. Note that for NRC No. (1998) 437627, both a firc (ignition) and explosion were
reported.

7. Although it has been assumed that rupture lengths <0.1° are unable to cause a plant hazard and unreported
rupture lengths are assumed 10 be zero, except for NRC No. 476123, six of the seven reported explosions are
associated with incident types that have no reported rupture length and/or are not indicated to be ruptures.
However, they have been considered in the explosion total and used to determine Re; in Section 6.1.2 without
increasing the number of ruptures >0.1° (i.e., 50) in computing Rey. [Note: The other explosion incident
indicated to be a rupture is NRC No. 551181; however, it has no reported rupture length.}

8. Referring to Note 3 above, for some of the ignition incidents (i.e., NRC Nos. (1998) 421437, 430284, (1999)
487294, 450844, 498467 and (2000) 528256), the source of the ignition was reporied as unknown and/or the
incident may have becn reported after the ignition stasted. Considering that no mention is made of an
explosion, in addition to various conservatisms used in this evaluation (e.g., determination of Puigik goacration iR
Section 6.2), it is reasonable not to include these incidents in the explosion total.

w N
bt
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Figure 1, Location of Pipeline near the Proposed NEF Site

Source: htip://www .topozone.com
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Attachment 1: Incident Summary Statistics from 1986 to 2002
4 (For Informational Purposes) -

OFFICE OF PIPELINE SAFETY
NATURAL GAS PIPELINE OPERATORS
INCIDENT SUMMARY STATISTICS BY YEAR
1/1/1986 - 08/31/2003

TRANSMISSION OPERATORS
Year No. of Fatalities Injuries Property,

Incidents Damage,
1986 83 6 20 $11,166,262]
1987 70 0 15 $4,720,466
1088 89 2 11 $9,316,078
1989 103 22 28 $20,458,939
1990 89 0 17 $11,302,316
1991 71 0 12 $11,931,238]
1992 74 3 15 $24,578,165
1993 95 1 17 $23,035,268
1094 81 0 22 $45,170,293
1995 64 2 10 $9,057,750
1996 77 1 5 $13,078,474
1997 73 1 s $12,078,117
1998 89 1 " $44,487,310
1899 54 2 8 $17,695,037
2000 80 15 18 $17,6868,261
2001 - 86 2 5 $23,610,883
2002 81 1 5 $24,365,559

Totals 1369 §9 - 224 15324,821,316

Historical totals may change as OPS receives supplemental information on incidents.
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Attachment 2: Incident Summary by Cause, 1998, 1999, 2000 and 2001
(For Informational Purposes)
OFFICE OF PIPELINE SAFETY
TRANSMISSION PIPELINE
_ INCIDENT SUMMARY BY CAUSE
' 1/1/1898 - 12/31/1998 ‘
(Natural Gas)
Cause % of % of
lnhcll%.eonfts Total g;:i’:rg_’ Total |FatalitiesjInjurles
Incidents g Damages
CONSTRUCTION/MATERIAL
DEFECT 19 19.19]| $2,984,361 6.7 0 4
CORROSION, EXTERNAL 8 8.08| $1,289,036 2.89 0 0
CORROSION, INTERNAL 14 14.14] $3,259,500 7.32 0 0
DAMAGE BY OUTSIDE
FORCE 37 37.371$18,673,077 41.97 1 3
OTHER 21 21.21}$18,281,336 41.09 0 4
TOTAL 99 $44,457,310 1 1
Historical totals may change as OPS receives supplementa! information on incidents.
OFFICE OF PIPELINE SAFETY
TRANSMISSION PIPELINE
INCIDENT SUMMARY BY CAUSE
111999 - 12/31/1999
{Natural Gas)
Cause % of % of
ln'-;lrd' ec::ts Total g;?;’: :‘; Total |]Fatalities|Injuries
Incidents g Damages
CONSTRUCTION/MATERIAL ' '
DEFECT 8 14.81] $6,654,800 37.6 0 0
CORROSION, EXTERNAL 3 5551 $465,000 2.62 0 0
CORROSION, INTERNAL 10 18.51] $3,352,000 18.94 0 0
CORROSION, NOT .
SPECIFIED 1 8 $0 o o 0
DAMAGE BY OUTSIDE
FORCE 18 33.33| $5,684,100 32.12 1 2'
OTHER 14 25.92| $1,540,037 8.7 1 6
TOTAL 54 $17,695,937 2

Historical totals may change as OPS receives supplemental information on incidents.
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OFFICE OF PIPELINE SAFETY
TRANSMISSION PIPELINE
INCIDENT SUMMARY BY CAUSE

1/1/2000 - 12/31/2000
{Natural Gas)

Cause o] % of %of | - . 1.
' In':?d. e‘::ts Total g;:f: ?; ' Total [Fatalities{Injuries

Incidents 8 Damages .
CONSTRUCTION/MATERIAL '
DEFECT 7 8.75 $591,043 33 0 0
CORROSION, EXTERNAL 14 17.5] $3,475,500 19.45 0 0
CORROSION, INTERNAL 16 20| $2,635,086 14.74] 12 2
CORROSION, NOT
SPECIFIED 1 1.25 $730,000 4.08 0 0
DAMAGE BY OUTSIDE '
FORCE 20 25] $3,164,161 17.7 3 7
OTHER ‘ 22 27.5| $7,272,471 47| o )
TOTAL 80 $17,6868,261 15 18

Historical totals may change as OPS receives supplemental information on incidents.
OFFICE OF PIPELINE SAFETY
TRANSMISSION PIPELINE
INCIDENT SUMMARY BY CAUSE
111/2001 - 12/31/2001
{Natural Gas)
Cause % of % of .
Inr:rd. ecr,zfts Total g;:;e':‘; Total |Fatalities}injuries

Incidents 8 Damages
CONSTRUCTION/MATERIAL
DEFECT ' 12 13.95] $1,639,070 6.94 o 0.
CORROSION, EXTERNAL 7| 813] $1,961,350 83| o 0
CORROSION, INTERNAL 8 1046] $3,301,200 13.98 0 0
DAMAGE BY OUTSIDE
FORCE 36 41.861$14,807,928 62.71 0 0
OTHER 22 2558] $1,901,335 8.05 2 5
TOTAL 86 $23,610,883 2 5

Historical totals may change as OPS receives supplemental information on incidents.
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Attachment 3: Natural Gas Transmission Pipeline Annual Mileage

Office of Pnpeline Safety

Natural Gas Transmlssion Plpeline Annual Mlleage ‘

Transmission Gathering
No. of
Year Records Onshore Ofishore Onshore OﬂshoreL
1984 885 277,601 7,353 33,290 3,671
1985 852 282,745 7,719 33,729 1,740
1986 1,008 280,667 9,29 29,737 1,958
1987 863 284,235 7,622 29,654 2,477
1986 1,019 280,252 7,908 28,941 3,101
1989 1.033 279,728 8,198 29,597 2,547
1990 1,105 283,880 8,110 29,266 3,154
1991 1,211 285,295 8,567 29,009 3,704
1992 1,183 283,071 8,397 28,800 3,720
1993 1,131 285,043 8,220 28,431 3,625
1994 1,229 293,438 8,107 27,392 3,812
1995 1,267 288,846 8,101 26,657 4,262
1996 1,247 285,338 6,848 24,844 4,761
1997 1,352 287,745 6,625 28,234 6,161
1998 1,164 295,598 7,108 23,480 5,673
1999 1,176 290,083 6,017 26,348 5,916
2000 1,158 292,957 5,241 21,706 5,682
2001 1,306 284,932 5,536 17,659 3.865
2002 | 1,389 301,312 6212 15,068 3,355

Source: http://ops.dot.gov/stats/fGTANNUAL2.htm - Plpelmc Statistics, Transmission Annual
Mileage Totals (1984 — 2002).
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Incidenis and Telephonic Records 1998 - 2001

'NRG No.
418580

NONE

410522 PTUF

420108 NATURAL GAS COMPHESSOR J COMPRESSOR CAUGHT FIRE

420030 | 19980 No | RUPTURE. 20 INCH NATURAL GAS TRANSMISSION PIPELINE / GAUSE OF RELEAGE UNKNOWN AT TIME OF REPORT
420718 | 19980121 No | RUPTURE 15 B INCH NATURAL GAS TRANSMISSION LINE / LINE STRUGCK BY HOWARD COUNTY ROAD DEPT, VEHICLE

9960126 | Yes | RUPTURE : NIA, offshore

19980126 Yos LEAK N/A, offshore
NATURAL GAS TRANSMISSION LINE / GAS IS BEING RELESED FROM THE PIPELINE AND BURNING 1CAUSE OF RELEASE IS
421437 | 19980127 No RUPTURE 92 UNKNOWN
[ )

9980130 Yes OTHER N/A, cifshore
424160 9980207 No LEAK - GAS HEATER/EXPLODED-CORROSION RELATED PROBLEM
428484 | 19980220 No LEAK SUBTERRANEAN 20 INCH NATURAL GAS PIPELINE LEAK/ UNKNOWN CAUSE,
425942 | 19980225 No OTHER 20 INCH PIPELINE / THE UNE RUPTURED
426217 | 19980228 No LEAK 24 INCH NATURAL GAS PIPELINE {TRANSMISSION EﬂEW UNKNOWN....DEVELOPEDA LEAK
428483 | 19980301 No LEAX EXPLOSION AT MLNP FIRST AND INGRIA STREETS / MAY BE NATURAL GAS RELATEDCOMPANY IS STILL INVESTIGATING
CAR DROVE OVER 2" FEEDOFF LINE TO DISTRIBUTION SYS q: TOR VALVE BROKEN OPEN RE|
427286 | 19980307 No
427385 | 19980308 No
19980320 Yas
429154 18980320 No
NONE 9980324 No
19980327 Yeos
18980328 | Yes K
430284 | 19980329 No RUPTURE 159 FIRE WAS DISCOVERED BY LOCAL POLICE ALONG PIPLINE AREA / CAUSE OF BREAKIS STILL UNKNOW
430057 | 18950402 No LEAK SOURCE: 26° PIPELINE/CAUSE: POSSIBLE CORROSION TO THE PIPELINE CAUSE THE RELEASE
16IN BELOW GROUND NATURAL GAS PIPE/ UNKNOWN CAUSE/ TRANSMISSION LINE INTERSTATE PIPELN PANY LINE
430914 | 10980402 No RUPTURE 8 NAME 2-AD
12 IN TRAN i DERWATER IN INTERCOASTAL W, (Note: Atthough it appears from the t
431768 | 19980408 No LEAK Mthﬂlﬂlhddﬂlslssodntodwimanoﬂ-cm{mgghak.mmddmdatahdeatesnunm) . *
431743 | 19980408 No RUPTURE 16 18 INCH NATURAL GAS TRANSMI PIPELINE / LINE FAILURE CAUSED RUPTURE
432039 | 19980410 No LEAK AINCH NATURAL GAS TRANSM!SSIﬁN LINE / CAUSE UNKNOWN
mmmmmm
433267 | 19980420 No LEAK LEAKING PIPELINE
i O RUPTUR 0 ere Is only one incid sted for this date In the
lnddentdanropon. However, lheMephorichddemmMﬂon raport also hasalsﬂngforNRCno.mess(smdtyasNcho
. 433654). No. 433655 also pestaing fo a pipe rupture due to & landsiide on the same date [Le., per the telephonic records: No. 433855 -
433654 | 199850422 No RUPTURE 700 PIPELINE /LANDSLIDE CAUSED PIPE TO RUPTURE]. Thus, it appears that no, 433855 is not associated th & natural gas pipaiine.)
19980504 Yes LEAK NALoﬂsm
19980505 Yes LEAK N/A, offshore
435589 | 19980508 No RUPTUR 30 30 INCH UNDERGROUND TRANSMISSION LINE / RUPTURED DUE TO UNKNOWN GAUSES
22 INCH STEEL PIPEUNE / LEAK IN PIPELINE DUE TO UNKNOWN CAUSES RELEASED NATURAL G TO THE ATMOSPHERE
435088 | 19980508 No LEAK LINE: TRANSMISSION LINE
19980511 Yes LEAK N/A, offshore
] 22INCH ! LINE REPAIRI GNITION OCCURRED RE ULTIN IN RY T ]
436523 | 19980512 No OTHER EMPLOYEE P ARG o T e s oy VO R S
19980518 Yes LEAK N/A, offshora ¥

ATTacHMENT D .. s dTa  HS
page 1 CAL.NO.BR=RH OO 5TRA =03
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Incidents and Telephonic Records 1998 - 2001

NRC No, | Inaident Date | Olishore? | Incdent Type | Rupture Length [Descripiion of Incident _
19980519 Yes LEAK N/A, cfishors »
ABAOVE GROUND TRANSMISSION LINE(SIZE UNKNOWN)AT METERING PACILITY/DURINGREPAIR WORK AN EXPLOSION
437827 | 19980519 No OTHER |OCCURED FOLLOWED BY A FIRE
439300 | 19980530 No RUPTURE 30 10 INCH PIPELINE/CAUSE UNKNOWN j
439772 | 18980602 No OTHER 30 INCH NATURAL GAS P1 ROPER VALVE SEQU SED A RE NATURAL GAS
19980608 No OTHER Na telephonic -
199806 No LEAK No telaphonic record
15980815 Yes LEAK {NI'A. ofishora
19980619 No OTHER No telephonic record
19980708 No LEAK No telephcnlc record
19980707 No LEAK No telophonic roeord
19980707 No OTHER No telephonic
1998071 No OTHER No telephonic meord
198980715 No LEAK No tetephonic record
19980715 No OTHER No telephonic record
19980717 No LEAK No telephonic record
9980717 No LEAK No telaphonic record
9980721 No OTHER No telephonic record
5980723 No LEAK No telephonic record
9980723 Yos LEAK /A, offshors
19980723 | Yes LTEAK /A, offshore
19980727 No OTHER No telephonic record
19980802 No LEAK No tslephonic record
19980802 No LEAK No telephonic record -
19980803 No OTHER _ No telephonic record
19980208 No LEAK [No telephonic record
19980814 No OTHER [No telephonic record .
9980618 No OTHER No teiephonic record
19980825 Na OTHER No telaphonic record ~
19980826 Yes LEAK NJ/A, offshore
99560828 No LEAK No telephonic record
9980828 No RUPTURE 2 telephonic record
19980903 No RUPTURE 20 No tefephonic record
19980906 No RUPTURE 15 Not ic record
16580917 | Yes LEAK /A, offshore
19680920 | Yes LEAK mw offshor»:li
16980923 Yos LEAK /A, offshore
19980923 tNo LEAK ND telephonic record
19980920 No OTHER - ‘No: telephonic record
19980920 | Yes OTHER /A, oftshore
19980930 | _ Yes LEAK N/A, ofishore
19981002 | VYes OTHER IN/A, offshore
19981008 No RUPTURE [No tei c record
19981006 Yes | LEAK N/A,
19981008 No LEAK No telsphonic record
19981012 No OTHER No telephonic record
19981012 No RUPTURE 10 o telephonic record
3981026 No OTHER No tefephonic record
981029 No__ | RUPTURE ' No tefephonic record s insadka Ty
19981114 No AUPTURE 55 No tetephonic record i}

ATTRCHMENT. D s 1Th 45
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NRC No. TIncident Date[Ofishore?| Incident Typa | Rupture Length [Description of Incident
19581123 No LEAK No t record
19981130 | Yes LEAK N/A, offshore
19981202 No OTHER No telephonic record
16981206 No | RUPTURE 80 No telephonic recond
1998120 No_ | RUPTURE 33 No felephonic record
19981210 No RUPTURE 3 o telephonic record
19981210 No OTHER {No telephonic record
19981213 No RUPTURE 1 No tefaphonic racord
10981216 No OTHER . |No telephoric record
10981217 No__| RUPTURE 29 No telephomc record
18981221 No LEAK No telephonic record .
460388 | 19990102 No UPTURE 22 INCH PIPELINE / THE MATERIAL RELEASED DUE TO AN UNKNOWN FAILURE ON THE LINE
| 469420 | 19990103 | _No OTHER B INCH TRANSMISSION FIPELINE / UNKNOWN
NONE | 19950113 No LEAK [N& telsphonic record
NONE | 19990117 No LEAK |Na tefephonic record
19590117 Yes LEAK 0 |N/A, oftshore
| 471924 | 19000128 No LEAK 20 INCH GAS PIPELINE / CORROSION OF LINE (Note:_include even though city differs between tha incident and telephone recrds)
472364 | 19990130 No LEAK 0 22 INCH STEEL BELOW GROU! Gnouno—‘_"_éo_mmsmssnon FIPELINE / COUPLING FAILED
[ NG OF B M ACTOR TURNED GAS VALV 70 FUR MBING LI SING
472803 | 19990202 No OTHER EXPLOSION WHEN PLUGGING IN WATER HEATERS
OPERATOR ID 19135/ 20 INCH TRANSMISSION PIPEUINE / THE CAUSE HAS NOT YET BEEN DETERMINED DErenmmeoh'H‘E_"‘RE WAS NO FIRE
472833 | 19990202 No | RUPTURE ) OR EXPLOSION
—474992 | 19990224 LEAK COMPRESSOR STATION/ FAILURE OF COMPHESSOR ENGINE GAS RELEASE AND FIRE 724 INCH PIPELINE
476272 | 19990228 No | RUPTURE 26INCH NATURAL GAS TRANSMISSION PIPELINE / FAILURE DUE TO UNKNOWN CAUSE -
18 INCH NATURAL GAS TRANSMISSION PIPELIN NO SERVICESAFFECTED / FLANGE GASKET ON
478494 | 10990228 No LEAK LEAKED :
_476747 | 19990303 No LEAK [BELOW GROUND 361N THANSMISSION PIPELINEZUNKNOWN DOT REGULATED PIPELINE
476123 | 16990307 No RUPTURE 16.5 12 INCH TRANSMISSION LINE RUPTURED AND EXPLODED
18990323 | Yes LEAK NIA, offshore
3 INCH TRANSMISSION NATURAL GAS PIPELINE / THE LINE WAS STRUCK BY A 3RDPARTY CONTRAGTOR J THERE WAS NO FIRE
483405 | 19990512 No OTHER : OR EXPLOSION
[ "NONE | 19990513 No LEAK No tel ic record
19990520 | Ves LEAK | Iﬁmsm
485403 | 10990528 No | RUPTURE 2 8INCH TRANSMISSION NE / CAUSE-UNKNOWN 15 REGULATED BY THE DOT
SOURCE UNKNO TTION AT PIPE ER INVESTIGATION UNKNO TATION IGNITIONNO
487294 | 10990613 No | RUPTURE 10 INJURIES/NO Bml.mm:s DAMAGED )
NATURAL GAS PIPELINE /NGPL 30INCH GU A RED REUND ANSMI
490844 | 19990710 No RUPTURE a5 DOT REGULATED LINE :
R STATION EQUIP FAILURE RESULTEOD IN A BUILDING EXPL APIPELINE IS RUPTURED INCIDENTS ARE
491768 | 19990718 No OTHER POSSIELY RELATED ‘
4D4775 | 19990811 No AUPTURE 4 12 INCH NATURAL GAS PIPELINE /CAUSE UNK / RELEASED NATURAL GAS INTO ATMOSPHERE
495259 | 19990814 No OTHER PURGING 20 INCH PIPELINE / LINE RUPTURED IN TWO PLACES DURING PURGING LINE IS DO REGULATED
495123 | 109908158 No LEAK 6 INCH PIPELUINE/DREDGING OPERATION
496058 | 19990816 No LEAK ABOVE GROUND 2IN PIPING WITHIN PLANT/POSSIBLY DUE T0 CRACK INWELD .
496023 | 19990823 No RUPTURE 43 16 BELOW GROUND PIPELINE / CAUSE OF RELEASE IS UNDETERMINED TRANSMISSION LINE 7 NO SERVICE INTERRUPTED
NONE | 19990826 No LEAK [Notelephoric record = VCC NILPHUPTED
boT neemrmmm NEL.
497288 | 19990901 No OTHER ABOVE GROUND PIPELINE elbilehannaneibeseninetneationiesadiiin
~497979 | 19990908 | Yes LEAK WA, ofishora

ry

F
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o VTP T TN
Pt e

PEL.

[NRC Na, [ incident Date | Ofishora?] Incidont Type| Ruptura Length lon of incident '
THERE IS ARU SEO UPTURE IS UNKNOWN/ GAS IGNITED AS A RESULT O
496467 | 10990M12 No RUPTURE 25 RUPTURE/ W%MW_—___—J
6 INCH GAS TRANSMISSION LINE /LIN ARMING EQUIPM RELEASEDNATURAL GAS INTO ATMOSPHERE "DOT REG"
498554 | 10900013 No RUPTURE LINE NO. 20007°
499423 | 19990920 No RUPTURE 1 {SEMI TRUCK ROLLED INTO NATURAL GAS FACILITY AND BROKE A SMALL PIPELINE SIZE OF PIPE UNK / NO FIRENO tmumss
19990923 Yes. LEAK N/A, otishore
INGH NATURAL GAS PIPELINE EASON FOR RUPTURE TS UNKNOWN/ THIS 1S A DOT AEG MISSI
499904 | 19990023 No RUPTURE 29 LINE .
19990925 | Yes LEAK N/A, ofishore ‘
501339 | 10991005 No OTHER 8 INCH STEEL TRANSMISSION GAS PIPELINE/ DOT REGULATED 7 CONTRAGTOR BTRUCK WITH BACKHOE
505595 | 19991016 | Yes LEAK WA, ofishore
‘ 16991026 Yes | LEAK VA, offshore :
£03804 | 19991027 No LEAK z%ﬂ—‘ﬂm ATURAL GAS PIPEUNE[GAT| NE) / UNKNOWN...LIN ED LEAKING
[“NONE | 19991103 No OTHER [No telephonic record -
505133 | 19991109 No RUPTURE 24 INCH BELOW G INE ] RE RED DUE TO UNKNOWN CAUSES
507411 | 19991111 No LEAK A 12 INCH P‘FED"E‘WT—A RUFTURED BY A mao PARTY
10 INCH TRANSMISSION NATURAL GAS PIPELINE / THE LINE WAS STRUCK BY A 3ﬁr'ﬁWb_"'PA AUSING THE LINE 10 BLOW OUT/
505495 | 19991111 No RUPTURE (] TWO EMPLOYEES ARE MISSING
B INCH TRANSMISSION NATURAL GAS PIPELINE / A BULLDOZER GOUGED THE LINE CAUSING A RELEASE / THERE WAS NO FIRE
505500 | 19991111 No OTHER OR EXPLOSION
[ NONE | 19991113 No LEAK No telephonic record
. M’E"_—F*_——“Wmv_muncn TAANSMISSION NATURAL GAS PIPELINE / THE LINE WA UCK BY A CONTRACT.
508083 | 19991117 No LEAK RESULTED '
505839 _|_ 19991124 No_ | OTHER N telephonic record
) m"%_{_W‘_ﬂWT——é_———ﬁﬁ_—cmmu MISSTON NATUR PELINE / A LEAK IN A VE OER A HIGHWAY WAS DISCOVERED / THE CAUSE HAS
508490 | 19991209 No LEAK NOT BEEN DETERMINED ’
508805 |_19991210 No OTHER_ 12 INCH PIPELINE / THE MATERIAL RELEASED DURING MAINTENANGE WORK
NATURAL GAS PIPELINE / 3RD PARTY CONTRAGTOR STRUCK LINE WITH BACKHOE 7 TRANS TAANSMISSIONUINE/ DOT REG. LINE |-
509409 | 19991218 No RUPTURE 0.25 (Note: Same stste In incldent and tel records but ditferent city: conservativa to Inchuds! ‘
10INCH NATURAL GAS an—nsmsgsm_m PIPELINE/ A T—G'hnmo PARP_—_TY STRUCK THE LINE ’—TCA SING A RELEASE / THERE WAS NO |
509538 | 19991220 No LEAK 0 FIRE OR EXPLOSION
BELOW GROUND 42IN DOT REGULATED PIPELINE/FIPELINE WAS DUG UP TO REPAIR ND IT WAS DISCOVERED THAT FIPELINE
515184 | 1999122 No LEAK NEEDS T0 aem.owncowu FRIOR TO REP
515880 | 19991231 Yes LEAK
515047 | 20000101 No LEAK 0 UNK‘__TTF_—NOWN UNDERGROUND PIPELINE BREAK
THE MATERIAL RELEASED OUT OF A 20 INCH NATURAL GAS PIFELINE DUE TO THIRY OAMAGE. 'I'HERE WAS NO FIRE OR
816665 { 20000111 No OTHER EXPLOSION
517700 | 20000124 No OTHER _ PRESSURE STATION CAME OFF LINE WHICH CAUSED A VALVE TO REL NATURAL E TO RIGH Pnsssuae
517943 27 No RUPTURE 2 20 INCH GAS UNE RUPTURED :
518022 F] No RUPTURE | 770000 120 INGH NATURAL GAS PIPELINE / LINE BLEW OUT CAUSING RELEASE
518173 129 No RUPTURE 50 NATURAL GAS PIPELINE RUPTURE OCCURRED :

) A STATED THAT THERE HAS BEEN A R 24 INCH TRANSMISSION LINEO UNKNOWN CAUSES (Note: telephonic
s18488 | 20000201 | No | RUPTURE ] mw_@% -
518475 | 20000202_|__No RUPTURE 40 30 INCH TRANSMI PIPELINE / INE RUPTURED FOR UNKNOWN REASONS

518851 | 20000205 No LEAK TRANSMISSION PIPELINE RUPTURE 4
THE CALLER STATES THAT TEXAS KEYSTONE COMPANY HIT A 12 INGH NATURAL GAS LINE WHICH WAS OWNED BY CNG
$19574 | 20000211 No LEAK TRANSMISSION WITH A BULLDOZER, RUPTURING s
520444 | 20000218 No LEAK 5 THE MATERIAL SPILLED DUE 70 A CHACK ON A WELD IN A 24 INCH PIPELINE 57 ' ey
520408 | 20000218 No OTHER 16 INCH HIGH P‘—nsssu'—'_‘_—_'_fns STEEL PIPELINE / PIPELINE DAMAGED BY 9RD PARTY
i
poge 4 CALC.NO.SBR2= 2400573 -0
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["NRC No. | Incident Date ] Otfshore?] Incident Typa] Rupiura Lengih]Description of incident
520905 | 20000223 No LEAK A 24 INGH PIPELINE DEVELOPED A LEAK DUE T0 UNKNOWN CAUSES AT THIS TIME
T NATURAL GAS PIPELINE RUFTURED DUE 7O UNKNOWN CAUSES. {Note: In the telaphonic records, NRC no. 520806 Is also indicated
mhmmmhMMmMmmm.mﬁzsaMoannmmne..parmelelep!mlcncord no. 520806 ls: 12 INCH
PIPELINE "TRANSMISSION LINE*/ RUPTURE IN LINE DUE TO UNKNOWN CAUSES]. However, in tha incident report, there [s only one
isting for the stats of M on this date, Thus, R appears that no. 520808 is not associsted with a nature! gas pipstine. Therefore, this Is
520825 | 20000223 | No | RUPTURE 12 considered one incident.)
NONE | 20000225 No OTHER No telephonic record
521265 | 20000227 No RUPTURE 300 24° TRANSM! N HAD ARUPTURE
522377 | 20000308 No OTHER A GCONTRAGTOR HIT A 16 INCH S1EEL HIGH PRESSUR URING THE LINE AND TERIAL
523063 D315 No LEAK 0 BELOW GROUND 18 INCH TRANSMISSION LINE RELEASED NATURAL GAS FOR UNKNOWN REASONS
523107 | 20000318 No LEAK UNKNOW PIPEUNE/ CAUSE UNXN!
523820 | 20000322 No LEAK 10 INCH NATURAL GAS NSMISSION LIN I RROSION
523850 | 20000322 No RUPTURE 200 PIPELINE RUPTURE DUE TO UNKNOWN CAUSES
524202 | 20000327 No RUPTURE 102 26 INCH STEEL TRANSMISSION PIPELINE / CAUSE UNKNOWN
524643 | 20000330 No LEAK - VALVE ON PIPELINE AT PRESSURE LIMITING ST ATION WAS STRUCK BY A TRUCK CAUSING THE RELEASE.
526047 | 20000424 | Yes |  LEAK NJA, ofishore
527237 | 20000426 Yas LEAK N/A, ofishore
527789 { 20000502 Na OTHER DURING WELDING GAS THAT WAS PREEENT Il THE AREA IGNITED
528256 | 20000507 No OTHER CALLER SAYS THERE WAS A FIRE NEAR A NATURAL GAS PIPELINE
NONE | 20000513 No OTHER No telephanic record
529301 | 20000518 No OTHER 20 INCH KA PIPELINE STRUCK BY MINING COMPANY -
NONE 20000603 No LEAK No telephonic record
532311 | 20000814 No OTHER THIRD PARTY DAMA N 16 INCH GASLINE CAUSED RELEASE TERIALUTRACTOR RIPPED HOLE IN LINE
532481 | 20000817 | Yes |  LEAK A, olfshom -
§32654_|_20000816_| _Yes LEAK — {KN#‘ offshora
633053 | 20000822 No RUPTURE 25 telephoni¢ record
633867 | 20000628 No RUPTURE 6 [8INCH PIPELINE "TRANSMISSION- ] UNKNOWN CAUSES
633922 | 20000629 Yes LEAK {N/A, cffshore
534181 | 20000702 No LEAK 30 INCH NATU! AS PIPELINE / CAUSE:UN
4469 | 20000702 No RUPTURE 9 MATERIAL WAS RELEASED FROM A SIX INCH NATURAL GAS PIPELINE DUE TO UNKNOWN GAUSE,
534097 | 20000703 No RUPTURE 38 NATURAL GAS LINE HAS BROKEN VAL' D IS RELEASING MATERIAL (telephonic record dated 7. 1100)
534444 | 20000705 No RUPTURE 22 TUG BOW STRUGK GAS LINE CAUSING A RELEASE
20000705 Yes LEAX ] Nlﬁ otfshore
| 834705 | 20000707 No LEAK A FIRE AT A METER STATION CAUSED A RELEASE OF NATURAL GAS
534688 00070’ Yeos LEAK N/A, otishore
NONE | 20000718 No OTHER No telephonic record
535726 | 20000718 No OTHER LINE BLOCKAGE TO MAIN DISTRIBUTION LINE. CALLER DELIEVES A VALVE WAS LEFT SHUT
THI TERIAL RELEASED OUT OF A 161N NATURAL GAS PIPELINE DUE TO A THIRD PARTY PIECE OF CONSTRUGTION
836165 | 20000721 No OTHER EQUIPMENT STRIKING THE LINE.
536098 | 20000721 Yes LEAK N/A, offshore ]
537404 No RUPTURE 3 THE MATERIAL WA 5 RELEASING FROM A 18 IN TEEL PIPELIN O THE PIPELINE RUPTURING,
NONE_|_20000804 No LEAK Mo telephoniorecord - ‘
§36593 814 No LEAK PIPEIJNE LEAK
|_538917_| 20000816 Yes LEAK offshore
538990 | 20000816 No LEAK 1‘ CALLER ED THAT A PIP| HE CALLER STATED THAT A PIPE CAME OUT OF A COUPLING DUE TO THE LINE BEING PRESSURED UP
539215 000819 Yos LEAK N/A, /A, oftshoren
539219 | 20000819 No RUPTURE 59 30 INCH NATURAL PIPELINE HAS A RUPTURE IN E TO UNKNOWN CAUSE
§35897 | 20000825 No LEAK 12 INCH "TRANSMISSION LINE* LINE IS LEAKING NATURAL GAS FOR UNKNOWN REASONS.,
BELOW GROUND 30 IN MAIN GAS LINE RELEASED MATERIAL. FARMER
840289 | 20000828 No LEAK INVESTIGATED AND DISCOVERED LEAK. 2

pege 5
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NRC Ne. [ incident Date] Offshore?| Incident Type| Rupture Length of Incident ‘
$40327 | 20000829 LEAK THE CALLER STATED THAT A NATURAL GAS PIPELINE WAS RELEASING MATERIAL DUE T RROSION.
T TERIAL IS RELEASING DUE TO A PLANNED BLOWDOWN IN AN 8 INCH PIPELINE. THE BLOWDOWN HAD 7O OCCUR 1O
AVERT A RUPTURE. THIS IS AN EMERG (Note: Athough the cities ars not the same in the incident and telephonic reports, conservatively
541917 | 20000912 Mo OTHER _ include .
43279 | 20000928 No RUPTURE _ THE MATERIAL RELEASED FROM A 12° GAS PIPELINE DUE TO UNKNOWN CAUSES.
3441 | 20000927 No LEAK THE MATERIAL RELEASED FROM A NATURAL GAS PIPELINE DUE 7O UNKNOWN REASONS.
343746 | 200 No RUPTURE 83.5 THE MATERIAL WAS RELEASED FROM A RUPTURED 30 INCH PIPELINE DUE TO UNKNOWN CA 'uses.
544293 | 20001003 No OTHER 2 INCH WKM GATE VALVE, "SAFETY SEAL", THE BOLTS ON THE BONNET FAILED,
545018 | 20001012 No LEAK THE MATERIAL RELEASED OUT OF A 24 INCH PIPE LINE DUE 70 AN UNDETERMINED CAUSE.
5465637 | 20001028 No LEAK THE CALLER STATED THAT A PIPELINE VALVE IS RELEASING GAS. THE CAUSE IS UNKNOWN,
546628 | 20001030 Yes LEAK N/A, offshore <
THE CALLER STATED THAT A NATURAL GAS DISTRIBUTION SYSTEM HAS LOST SERVICE TO SOME CUSTOMERS, THE CAUSE
548089 | 20001113 No OTHER FOR THE SYSTEM FAILURE IS UNKNOWN.
AB441 | 20001116 Yes LEAK lNIA,oﬂshon
548619 | 20001118 No LEAK FIRE IN TOWN BOARDER STATION IN THE HEATER. NATURAL GAS DISTRIBUTION CENTER
848759 | 20001120 No OTHER THE MATERIAL RELEASED FROM A RELIEF VALVE ON AN EMERGENCY SHUTDOWN DEVICE DUE TO UNKNOWN CAUSES.
549015 | 20001123 No OTHER THE CALLER IS REPORTING A FIRE IN A COMPRESSOR BUILDING DUE TO UNKNOWN CAUSES. THERE WAS NO EXPLOSION.
549118 | 20001125 No LEAK LEAK IN A 22 INCH NATURAL GAS UNE
THE STATED THAT A GAS UNE MA INTT, AND THERE IS BUBBLE COMING FROM THE WATER
549288 | 20001127 No LEAK Same mmmmmmmmucm-rmmmm fo include)
NON 20001125 No OTHER No telephonic record
549812 | 20001130 No RUPTURE 28 THE PIPELINE WAS DAMAGE DUE TO A THIRD PARTY. (POSSIBLY AN EMPLOYEE OR CONTRACTOR OF VALLEY TELEPHO! ‘
A 30 INCH TRANSMISSION uni_'——(m—r—éﬁ'ﬁ_‘_“u_'—'——m#m RUPTURED DUE TO A UNDETERMINED CAUSE CAUSING NATURAL GAS TO RELEASE FROM
549947 | 20001204 No | RUPTURE 28.28 THE LINE INTO THE ATMOSPHERE. -
| 650268 | 20001206 No LEAK _ THE MATERIAL IS LEAKING FROM A 30° BALL VALVE DUE TO UNKNOWHN CAUSES.
850498 | 20001209 No RUPTURE 76 A NATURAL GAS PIPELINE RUPTURED. THE CAUSE IS UNKNOWN.
551181 | 20001216 No RUPTURE EXPLOSION DUE UNKNOWN CAUSES AT AN UNDERGROUND STORAGE FACILITY
55191t | 2000122 No NODATA_ |[CALLER STATED SRP DUG INTO A 32 INCH GAS TRANSMISSION LINE, THE SRP WAS GRADING FOR A STREET
652219 | 20001229 No RUPTURE 40 26 INCH NATURAL GAS PIPILINE RUPTURED DUE TO UNKNOWN CAUSE
552464 | 2001010 No LEAK A TRACKHOE HIT A 16 INCH NATURAL GAS PIPELINE BY ACCIDENT WHILE EXCAVATING FOR ANOTHER LINE
652627 | 20010104 No | AUPTURE 120 THE CALLER REPORTS A RUPTURE OF A 22 INCH NATURAL GAS PIPELINE. )
THE MATERIAL WAS RELEASED FROM A RUPTURED 18 GAS UINE DU NKNOWN CAUSES. THE CAUSE FOR THE
552660 | 20010104 No LEAK RELEASE IS UNDER INVESTIGATION :
THE mmmﬁmmmmm
553588 | 20010115 No OTHER PART OF AN ABOVE GROUND SPAN. OAS RELE
§53737_|_ 20010116 No LEAK ’THET.TLLE_R REPORTS A LEAKING NATURAL GAS B PI“WPEUN TBLY DUE TO SUSPECTED coanosnon
| 553780 | 20010116 No OTHER RELEASE DUE TO AN UNKNOWN CAUSE
554695 | 20010125 No LEAK 18 INCH PIPELINE "FLOWUINE' LINE DEVELOPED A FINHOLE leak DUE TO UNKNOWN CAUSES :
555048 | 2001012 No LEAK THE mummm
20010203 Yes LEAK NJA, offshore
: . ATHIRD PARTY CTOR A UNDERGROUND 8 INCH NATURAL GAS TRANSMISSION U ITH A BACK HOE
555728 | 20010204 No RUPTURE 1 CAUSING NATURAL GAS TO RELEASE FROM THE U
NONE_[ 20010208 No LEAK No telephonic record
658117 0228 | VYes OTHER [N/A, offshore
mmﬁamﬂmm : Same state mm
558500 | 20010305 No LEAK and telephonic reports; conservetively includs)
550149 | 20010310 Yos “LEAK N/A, cfishore P T TN =
NONE | 20010313 No _LEAK No telephonie record (Nots: none of the cilles and/of counties match between 'uem and :olephmc reports) -
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NRC No, | Incident Data | Offshora?] Incidert Type
| 559926 | 20010317 No OTHER
556987 | 20010319 No OTHER No ic racord (Nots: No NRC no, in the telephonic record for plven date
GASWASRE ED FROM A TRANSMISSION PIPELINE, DUE T BLOW-DOWN. THE GAS CAUG
560320 | 20010322 No OTHER FIRE.
THE MATERIAL RELEASED OUT OF A 8 INCH STEEL TRANSMISSION PIPELINE DUE TO AN EXCAVATOR DAMAGING THE
581008 | 20010328 No RUPTURE 0.68 IPIPEUNE.
NONE [ 20010329 No RUPTURE No telephonic record (Nots: nona of the Texas dllos and/or counties match between the Incident and Mophonlc reports)
NONE | 20010328 | No LEAK No telaphonic record (Note:_none of the Texas cities and/or counies match between the incident and tel ic
561310 | 20010330 No LEAK A PIPELINE LEAX WAS DETECTED BY A MOTORIST
THE CALLER IS REPORTING THAT THE SUSPECTED RESPONSIBLE PARTY TOOK THE COVER OFF A 10 INCH PIPELINE AND
561808 | 20010404 No OTHER PUNCTURED THE LINE WITH A DOZER BLADE
581798 | 20010404 No OTHER A CONTRACTOR HIT THE RESPONSIBLE PARTY'S EIGHT INCH PIPELINE WITH A BULL DOZER CAUSING A RELEASE OF GAS.
581742 | 20010404 No OTHER A RELIEF VALVE ON TRANSMISSION LINE EASED GAS DUE TO OVER PRESSURIZATION.
561893 [ 20010405 No LEAK THE MATERIAL WAS RELEASED FROM A PIPELINE DUE TO A LEAK IN THE LINE FROM UNKNOWN CAUSES.
561915 | 20010405 No OTHER No telsphonic record (Note: No matching NRC no. in the teiephonic records for given date.)
562056 | 20010408 Yos LEAX N/A, ofishore
582463 | 20010407 No OTHER No telephonic record (Note: No matching NRC ng NRG no, 1 the telephonic records for given date,
563110 | 20010416 No LEAK THE MATERIAL |S LEAKING FROM A CRACKED 36 INCH UNDERGROUND TRANSMISSION PIPE. .
A 12 INCH TRANSMISSION LINE WAS STRUCK BY A PIECE OF GONSTRUGTION EQUIPMENT CAUSINE NATURAL GAS TO
564100 | 20010425 No OTHER RELEASE FROM THE LINE INTO THE ATMOSPHERE.
THE MATERIAL RELEASED OUT OF THE TWENTY FOUR INCH UNDERGROUND NATURAL GAS FIPE DUE TO AN UNDETERMINED |.
584274 | 20010427 No LEAK CAUSE AT THIS TME.
THE MATERIAL RELEASED OUT OF A 20 INCH PIPELINE DUE TO A VALVE FARLURE. (Note: Descﬂpﬁon 78 associated with NRC na.
568631 | 20010504 No RUPTURE 18 565031. R appesars that the NRC no. of 565831 lsted In the incident report, may be a typo,)
565794 | 20010511 No LEAK TRACTOR WITH DITCHING DEVICE STRUCK 12 INCH PIPELINE
555922 | 20010513 Yes LEAK N/A, ofishore
567330 | 20010521 No LEAK LEAK ON AN INTERSTATE GAS PIPELINE DUE TO PIPE DAMAGE,
567162 | 20010524 Yeos LEAK NJ/A, ofishore
567198 | 20010524 No RUPTURE THE CALLER STATED THAT COUNTY ROAD GRADER HIT A NATURAL GAS PIPELINE AND CAUSED A LEAK,
569368 | 20010613 No RUPTURE No telephonic record
589577 | 20010614 No LEAK No tolephonic record
NONE 20010616 No OTHER 0 telephonic record
570128 20010819 No LEAK No telephonic record
570250 | 20010620 | No _LEAK No telephonie record
NONE 20010630 No LEAK No telephonic record
572288 | 20010708 No OTHER No tslephonic record
574018 | 20010723 No LEAK No telaphonic record
NONE | 20010724 No OTHER No telephonic racord
NONE | 20010728 No LEAK No talsphonic recornd
NONE | 20010725 No OTHER No telephonic record
NONE 20010729 No LEAK No telephonic record
575297 | 20010803 No LEAK No telephonic record
| 575040 | 20010809 | No LEAK No telephonic record
576119 | 20010811 No RUPTURE 19 No telephonic record
576520 | 20010814 No LEAK Flo telephonic record
676787 | 20010814 No LEAK No telephonic record D D BT Yoo S e v — - .
j 573077 | 20010815 No OTHER No telephonic record
NONE | 20010820 No LEAK No telephonic record

_y P ——r——
LS Rasaaly £y
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NRC No. Tincident Date | Olfshore?| Incident Type] Rupture Length [Deschption of Incident
577245 | 20010821 No RUPTURE {No telaphonic record
5777158 | 20010828 Yes LEAK N/A, offshora
577808 | 20010826 | Yes LEAK A, ofishore
NONE | 2001083 No LEAK [No telephonic record
|_578944 | 20010903 No RUPTURE 10 No telephonic record
579144 | 20010907 No RUPTURE 1 No telephonic record
580005 | 20010917 No LEAK No telephonic record
NONE | 20010920 Yes LEAK N/A, offshore
580493 | 20010921 No LEAK {elaphonic record
580834 | 20010925 No RUPTURE 9 No telephonic record
582452 | 20011009 No LEAK No telephonic record
NONE | 20011012 No RUPTURE 4 Ng telephonic record
583347 | 20011016_|__No LEAK No tel record
583615 | 20011018 Yes LEAK A, offshors
584230 | 20011023_|__No OTHER No telephonic record
NONE 20011024 Yes LEAK N/A, offshore
NE 20011105 No OTHER No telephonic record
5852684 | 20011108 No OTHER No telephonic record
585408 | 20011107 No OTHER No telephonic record
585912 | 20011113 | No | LEAK No tel Tocord
5868663 | 20011121 Yes LEAK N/A, offshore
587965 | 20011208 No LEAK No telephonic record
687925 | 20011208 No LEAK No telephonic record ‘
588102 | 20011207 No LEAK No telephonic record N
588053 | 20011207 No RUPTURE 10 No telephonie record
| 585285 | 20011210 No OTHER [No tefephornic record
S88431 | 20011212 No LEAK {No telephoric record
588473 | 20011212 No RUPTURE No telephonic record
568826 | 20011216 No RUPTURE 810 No telephonic record
Notes: 1) For some incidents (e.g., 1998 through 5/20/1099 and various cthers), no NFIC number 1s given In the incidert data report, |
Therefore, a comparison of the city, county and/or atate information batween the incident data report and telephonic Incident notification -
records was made to determine the NRC numbar, ) )
2) Above information was compiled from the Office of Pipefina Salety website: hitp://ops.dot.gav - from the Oniine Library - Accident
& Incident Data, Naturet Gas Transmission Incident Data - mid 1984 to 2001 and from the Onfine Uibrary - Telephonie Incident Notification,
1995-1998 & 1999-2001 Tel Incident Notifications.
3mﬁ%mm‘
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GALC.NO. DR —AHCOBTR -6 |

(SRE L - XA 1) D TFoY Yo ooy - vm:L.ns:.a.m-;

{.—:4..“.. TONP~ - e
; ATTACHMENT.D___swr 17k t5 !
i
1
F 3




USCA Case #16-1081 Document #1636984 Eiled:- 09/21/2016 Paae 251 of 278
) Document No. 32-2400572-02

Natural Gas Pipeline Hazard Risk Determination . Revision 2
Page 18 of 45

Attachment 4: Calculation of Distances D; and D;

1.0  PURPOSE AND OBJECTIVE

Calculate the exposure distance, D, which has two parts, the distance to the gas upper and -
lower explosion limits (UEL and LEL), D,, and the safe separation distance, D,.

20 METHOD OF ANALYSIS

Employ the computer program ALOHA (Reference 6) to calculate the concentrations of
natural gas from a postulated gas release along a direct pathway to the NEF. Use the
model results to determine the distance to the upper and lower explosion limits (UEL and
LEL), which is D). Then estimate the safe separation distance, D> from an explosion
following Regulatory Guide 1.91 (Reference 3).

ALOHA was developed jointly by the U.S. Environmental Protection Agency (EPA) and
the National Oceanic Atmospheric Administration (NOAA). The program predicts the
rates at which chemical vapors may escape into the atmosphere from broken gas pipes,
leaking tanks, and evaporating puddles. It also predicts how the gas cloud disperses in
the atmosphere after an accidental release.

3.0 INPUT AND ASSUMPTIONS
The following assumptions were made relating to the dispersion and transport of the
pipeline gas:

¢ The gas released is methane, which is the major constituent of wet sour gas
(Attachment 5).

¢ The postulated gas release is a guillotine pipeline break such that the break hole size
equals the pipe diameter.

¢ The pipe is connected to an infinite source because there are no automatic shut-off
valves in the pipeline (Attachment §).

¢ The gas release is 1 hour; the maximum expected time before emergency crews arrive
to shut off the source at a manual shut-off valve (Attachment 5). '

o The pipe length is 200 times the pipe diameter, which is the minimum allowed by
AL OHA and considered to be very conservative.

¢ A delayed explosion from a drifting plume 1 hour after release is more severe than an
in-place explosion because the gas plume is closer to the plant.

¢ The atmosphere is stable, with minimal dispersion and effects due to elevation
change.
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¢ The distance from the gas release location to the plant is the “straight-line” distance,
which is the shortest distance between the source and the plant measured on a plain
surface that excludes intervening ground elevation changes and building surfaces.

¢ The TNT equivalent weight of an exploding material is represented by the SFPE
Handbook method (Reference 8).

40 ANALYSIS

The safety of structures from an explosion is evaluated by determining the safe separation
distance between the explosion and the structure. If there is sufficient separation such
that structural damage is minimized, then the structure is assumed safe.

The method used to establish the safe separation distance is from Regulatory Guide 1.91
(Reference 3), which is based on a level of peak positive incident overpressure,
conservatively chosen at 1 pound per square inch (psi), and TNT equivalent energy in the
form

R=45w'"
where,
R = the safe separation distance in feet (ft), and
W = the TNT equivalent weight of the exploding material in pounds (Ibs).

To calculate the safe separation distance, therefore, requires the TNT equivalent of the
mass of methane volume released. For a continuous release such as postulated, this is the
mass of methane between its lower explosion limit (LEL) and upper explosion limits
(UEL) of 5 - 15 % by volume (Reference 8). Note that 5% by volume is equivalent to
50,000 parts per million (ppm) and 15 % by volume is equivalent to 150,000 ppm.
Theses values are used as input to ALOHA (see Tables A2 and Al, respectively).

4.1 Methane Explosion Release Mass

The mass of methane released in its explosion range is calculated by using the “Sustained
Release Rate™ determined by ALOHA and the distance/time relationship to reach the
UEL and LEL such that

M =S8 (Tier— Tuel)

where,

M  =mass of methane in pounds (lbs)

S . = sustained release rate in pounds per minute (lbs/min)

Tyg. = time to reach the UEL in minutes (min)
T;g; = time to reach the LEL in minutes (min)
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From ALOHA output Tables Al and A2, the Sustained Release Rate of methane at 50 psi
(i.e., the maximum gas pipeline pressure) is 5,820 Ibs/min. The respective distances to the
UEL and LEL (referred to as the “LOC” on the printout) are 727 yards (2181 ft), and
1365 yards (4095 ft). At the ALOHA input wind speed of 1 meter/second (m/s), or 3.28
feet per second (ft/s), the time to UEL and LEL is

. Tyg = 2181 £t /3.28 ft/s/ 60 s/min = 11.08 min, and
Toe = 4095 £t / 3.28 fi/s / 60 s/min = 20.81 min
Therefore,
M = 5,820 Ibs./min x (20.81 min — 11.08 min) = 56,629 Ibs.

Methane Mass to Equivalent TNT

From the SFPE Handbook, Section 3, Chapter 16, Equations 12 and 13 (Reference 8), the
TNT equivalent weight can be expressed as

W = a(AHC XMI' )
™ 4500
where,

Wivr =TNT equivalent mass in kilograms (kg).

a = yield, which is the fraction of available combustion energy.
AH. =theoretical net heat of combustion in kilo-Joules per kilogram (kl/kg).
M;  =mass of flammable vapor released in kg.

From Reference 4 (Attachment 6), Table A-2, AH, is conscrvatively chosen to be the
gross heat of combustion, which is 55.50 MJ/kg, or 55,500 kl/kg; My= 56,629 lbs/ 2.2
Ibs/kg = 25,740 kg; and from Reference 8 (Attachment 8), the blast yield, a, is assumed
to be 5%. Substituting, -

o.os(-ss,soo kﬂ)(zs,uo k)
8

= =15873 kg =34,921 1
Wy o 15,873 kg =34,921 Ibs

Safe Separation Distance

From above, the safe separation distance, R, is
R =45(34,921)'"*= 1,471 fi

This means that plant critical structures must be at least 1,471 ft from the point of
explosion.
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50

6.0

CONCLUSION

The value of Dy is 4,095 ft (1,365 yards), which is shown in ALOHA output Table Al
and is the distance from the gas release point to the LEL. The value of D, is 1,471 ft,

~ which is the safe separanon distance.

COMPUTER PROGRAM BENCHMARK

Attachment 10 demonstrates that ALOHA, version 5.2.3, is correctly predicting results
on the installed computer, an IBM-compatible PC (ID#3W2BZ1) using Microsoft
Windows XP® Professional, Version 2002, operating system with a Pentium(R) 4
Processor.
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_ Table A1
ALOHA Output, Methane UEL

Text Sumwu'y '

asowa s;:.a’%"

SITE DATA INFORMATION:
Location: EUNICE, KEW MEXICO
Building Air Exchanges Pexr Hour: 0.50 (enclosed office)

CHEMICAL INPORMATION:
Chemical Kame: METHANE Molecular Weight: 16.04 kg/kmol
TLV-TWA: -unavail- IDLH: -unavail-
Footprint Level of Concern: 150000 ppm
Boiling Point: -258.68° F
Vapor Pressure at Ambient Temperature: greater than 1 atm
Anbient Saturation Concentration: 1,000,000 ppm or 100.0%

ATMOSPHERIC INFORMATION: {MANUAL INPUT OF DATA)

! Wind: 1 meters/sec from s at 10 reters

No Inversion Height

Stability Class: F {user ovarride)

Alr Tempersture: 70° F

Relative Humidity: 5% Ground Roughness: open country

Cloud Cover: 0 tenths .

SOURCE STRENGTH INFORMATION:
Pipe Diameterx: 16 inches
Pipe Tenmperature: 70° ¥ Pipe Press: 50 1lbs/sq in
Pipe Roughness: smooth Hole Area: 201 sq in
Unbroken end of the pipe ie connected to an infinite source
Release Duration: ALOHA limited the duution to 1 hour
Max Computed Release Rate: 7,840 pounds/min
Max Average Sustained Release Rate: 5,820 pounds/min

{averaged over a minute or more)
Total Amount Released: 348,998 pounds

FOOTPRINT INFORMATION:
Pispersion Module: Gaussian
User-specified LOC: 150000 ppm
Max Threat Zone for 1LOC: 727 yards

Pipe Length: 267 feet

Time: October 10, 2003 1042 hours MDT (using computer*s clock)
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Table A2
ALOHA Output, Methane LEL

Text -Summary

. Amms.z.aa%- e

SITE DATA INFORMATION;
Location: EUNICE, NEW MEXICO
Building Air Exchanges Per Hour: 0.50 (enclosed offica)
Time: October 10, 2003 1042 hours MDT {using computer's clock)

CHEMICAL INFORMATION:
Chenical Name: METHANE FKolecular Weight: 16.04 kg/kmol
TLV-TWA: -unavail- IDLH: -unavail-
Footprint Level of Concern: 50000 ppm
Boiling Point: -258.68° P
Vapor Pressure at Ambient Temperature: greater than 1 atm
Ambient Saturation Concentration: 1,000,000 ppm or 100.0%

ATMOSPHERIC INFORMATION: (MANUAL INPUT OF DATA)
Wind: 1 meters/sec from s at 10 meters
No Inversion Height
Stability Cless: F (user override)
Alr Temperature: 70° P
Relative Humidity: 5% Ground Roughness: open country
Clouéd Cover: O tenths

‘ SOURCE STRENGTH INFORMATION:

Pipe Diameter: 16 inches Pipe Length: 267 feet
Pipe Temperature: 70° F Pipe Press: S0 lbs/sq in
Pipe Roughness: smooth Hole Arez: 201 sq in

Unbroken and of the pipe is connected to an infinite source

Release Duration: ALOHA limited the Quration to 1 hour

Max Computed Release Rate: 7,640 pounds/min

Max Average Sustained Releage Rate: 5,820 pounds/min
{averaged over a minute or more)

Total Amount Released: 348,998 pounds

! FOOTPRINT INFORMATION:

Dispersion ¥odule: Gaussian
User-gpecified LOC: 50000 ppm

Max Threat Zone for LOC: 1365 yards
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Attachment 5: Gas Line Telephone Chronology
- TELEPHONE CHRONOLOGY
REGULATORY COMPLIANCE PROGRAMS- MARLBOROUGH
Call With _See Below Date _See Below
Phone # See Below Time See Below
By J.H. Snooks PID
Subject LES-NM: Gas Lines

e

DISCUSSION:

6/30/2003

7/1/2003

7/10/2003

§/8/2003

8/8/2003

Reviewed gas line maps and was able to identify the closest gas line as the 16”
Fullerton Loop Line, which nearly parallel to NM Rte 234-Tx Rte 176. Called
“One Call” (800-321-2537) to get info on gas line owner. Dispatcher named three
companies: Trinity CO2, Texaco, and Sid Richardson Energy Services. Requested
number for SR since gas maps were labeled as SR. Called SR (505-395-2116), but
no one available.

Called SR again, spoke w/ Royce, who gave me general info. The gas line is low
pressure (< 50 psi) and carries “wet sour gas,” which is unprocessed, ficld gas from
the well being sent for processing. The gas line is buried to about 36", but could
vary more or less in sandy soil due to the wind. Royce said he would have someone
get back to me on characteristics of gas, €.g., percent methane, etc.

Returned Royce Dunn’s call. RD had additional info on gas line specs and gas
characteristics as follows: methane = 72%, ethane = 11%, propane = 7%, H2S =
695ppm (<1%). The gas line flow is between 200-500 thousand cubic feet per day.
It is 14-15 miles in length, with manual block valves at each end and in the middle.
There also has a check valve at the connection with the main service line located
near Eunice and Hwy 176. The likelihood of internal rupture is small because of
the low pressure (<50psi). .

Called “One Call” (800-321-2537) to place a pipeline location request for Sections
32 and 33. Used town ID# 838. One Call said there were three operators in area:
Sid Richardson, Trinity, and Texaco. Companies will call in 2-5 business days with
info. One Call confirmation number is 200332364 1.

Goose Armstrong from Sid Richardson responded to the One call inquiry to say
they had two pipelines in Sections 32 and 33, both running parallel to the southern
boarder along Rte 234/176. One is 14-inch line that is “idle,” i.e., in active. The
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other is a 16-inch line carrying natural gas. [See 7/1 and 7/10 above for more
details.]

8/8/2003  Brent Washington from Conoco-Phillips (505-390-3425) returned my many calls to
various Conoco offices to get info on potential pipelines near Eunice. Brent said
_ there were no known lines, but that he would conduct a site walk down on 8/11to
confirm. - . '

8/11/2003 Brent Washington from Conoco-Phillips (505-390-3425) called to say he walked
the site and did not locate any Conoco-Phillips pipelines.

8/13/2003 Lon Briley from Trinity Gas (442-661-0162) responded to the One Call inquiry and
said Trinity had one carbon dioxide line crossing Section 32. The line carries liquid
CO2 at 2100 psi; the flow is about 15 MMcf per day. Briley said that there manual
shut offs about 2 miles north and south of the site and that it would take 45 minto 1
hr to close the values. There also is an electronic shut down system, but it would
still take about 45 min to 1 hr to shut off supply and “bleed the system.” Alternate
contact is Barry Petty (who Ed Maher has spoken to.) His tele no is 432-683-8262.

9/4/2003  Called Royce Dunn at Sid Richardson (505-395-2116) to ask if SR had a DOT risk
report in case of a leak like Trinity CO2 gas. RD didn’t know of any; he said there
wouldn’t be a fire or “blowout” explosion, like might occur in the CO2 line because
SR gas line is low pressure. RD gave the web site of the state agency responsible
for oil sites: www.emnrd.state.nm.us/ocd/.
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Attachment 6: Fire Protection Handbook

Fire
Protection
Handbook™

Seventeenth Edition

Arthur E. Cote, P.E.
- Editor-in-Chief

Jim L. Liaville
Managing Editor

s T o

m National Fire Protection Association

NFPA Quincy, Massachusetts
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A-2 TABLES AND CHARTS

YABLE A-1. Neats of Combustion and Relsted Properties For Pure, Simple Substinces® fcontinued)
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n-hexens CMis 8416 4757 444 1283 342 Q5 333 218 157
trydrazine HN, 3205 B208 493 4948 €938 1135 1180 308 _ 185
hydrazok ecid HN, 4302 1528 U7 7940 0165 357 0 - TR
< hydmogen ) hy«a.z:'c oo “200 MLT5 13080 1635 8000 -2527  — - 1442
Fydrogen azide) — R .
Rydrogen e HCN 2703 1085 1305 882 1430 &7 @33 --- 281 133
hydrogen H,S 2408 438¢ 4725 1677 2817 ~€03 848 T T g0
malelc anhydidet CH,0, 404 1877 1847 1401 1257 - 220 - - -
melaminet CHN, 12613 1558 S84 21 L1 | — -~ - e
methane CH, 1604 #5850 8003 1281 4000 -161S - - 223
methanol CH,O 3204 2265 1984 1329 1500 o1 237 V.87
methenamined 14018 2397 2808 1387 2054 - — - -
2 7609 2423 22 1363 1682 1244 583 223 -
. 9105 3436 3062 1321 2318 -63 - - 1.8t
R-motyt 1-utanol —» kso-emyl alcohal . -
fmethyt chlorde) —» dichioromathane
methyl ether CH,0 450f 3170 2884 1384 2084 -9 - - 143
methyl ethy! ketone cM,0 7210 3380 S146 1289 2441 796 a4 238 143
Lmethylzphthalene 14213 4083 9933 1205 3038 2447 3 188 1.2
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Attachment 7: Seabrook Station UFSAR

SEABROOK UPDATED FSAB
ZUFF RELEASP ANALYSTS PARAMFTER VALUES

tomo

Probability that a release will occur (PL)* 10°* spilis/yeexr
Probability Ignition will be delayed (B2)** 0.26 delayéd
ignitions per spill
Probabilicy of Ignition at a critical point (P5) 1.0
Probability of unacceptable damage per eritical 1.0
Ignition for a deflagracion (P6)
Frobebility of & dstonation cccurring per eritical 0.28
ignition, for a detonation (P6°)*wt
Site Temperature 104°F
Propans Mass Releass 2.35x10% 1b.
Flashing Fraction 0.478
Propene Puff Welght (M) 1.12x10% 1b. 3
Propane Vapor density at 104°F (Pga) 0.107 1b./fed )
Detonability limicts of Propane 3.0 - 6,82
(Ref. 96)

- Reference 70 gives an upper bound for boiler failures of 10°3 per year
and Reference 98 gives the fzilure rate for fixed lecation chlorins
tanks as 10°3 psr year, excluding seismic svents. A value of 10™ per
year is conservatively assumed. .

**  Study of rail car spills (Reference 70) shows that 76 percent ef the
spills ignited within 100 ft of the relesse, hence, a value of 0.24
delayed ignitiocns per spill.

wa* Reference 71 suggests a detonstion rete giving ignition of 0.28, which
is conzidered conservative,
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Attachment 8: SFPE Handbook of Fire Protection Engineering

SFPE Handbook of
Fire Protection Engineering

Second Edition

Editorial Staff

Philip J. DiNenno, P.E., Hughes Associates, Inc.

Cralg L. Beyler, PhD., Hughes Assoclates, Inc.

Richard L. P. Custer, Custer Powel), Inc,

W. Douglas Walton, P.E., National Iostitute of Standards and Technology
John M. Watts, Jr., PhD., The Fire Safcty Institute

Dougal Drysdale, PhD,, University of Edinburgh -

Joha R. Hall, Jr., PhD., Nationa! Fire Protection Association

m National Fire Protection Association

Society of Fire Protection Engincers
i ' RFP  Quincy, Massachusctts sachusctts

Boston, Mas
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FLAMMABILITY LIMITS OF PREMIXED AND DIFFUSION FLAMES 2-151
TABLE 28.1 Sumunary of Limlits of Flammablilty, Lower Tesperature Limits (Ty), mwmmag nition
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EXPLOSION PROTECTION 3-325

sctual quenching of the sdvancing floms (ront in large ves-
gels. Some agents pravide chemicat iohibition effects (most . .
Jikely via frcc radicat scavenging) in additfon to diluent aid
thermal benefits, but this chemical {nkibition effectiveness
s both fuel dependent,?” and dependent oa the sdvancing
fame front speed.?®

Most of the suppression lest data suggesl that the vari-
ous have comparable effecliveness for slow to mod-
erals ﬁzl::gx-l(ions. but that ammonium mu [andtoa
Josser exiant potassium bicarbonate) decidedly
more effective for ragid deRagrations. However, Bartkneckt
concludes that pone of these agents, as ?res?:lly usadig

ression systems, can suppress explosiont in gases w
wp&lmmedingzoohrm.wln dusts with Kgr values
greater (han 300 barm/s.

Recent tests at NIST3 in a shock lubominghlghly
o high-chalt o qnlas{dbe;:muot pmfﬁ that
these -challengs axplos| can be sup , pro-
vided (1) agont can be dispersed uniformly ahead of the
shock wave, and (2) gascous agent concentrations are
sround 10 vol percent, i.e., sbout twice a3 high a3 the Halon
1301 voluraetric concentration used for mote conventional,
Jess challenging. axplasion suppression applications.

The choice of sgent must involve other considerations
besides suppression effecliveness s determined by lest
data. Other relevant considerations include agent retention
time to cope with ted Ignitions, ageat compatibility
with process materfals, environments! impact regulations,
and potential toxicity effccts at the sgent design concentra-
tion. U.S. regutatioas that define scceptable and unaccept-
able suppression agents. from eavironmenta! and toxicity
censiderations, are described in 8 significant new alterna-
tive policy for ozone-deploting chemicals.$!

General guidalines for design, installation, snd
maintenanco of a reliable and eoffoctive cxcnlqslon suppres-
slon gystem can be found in the literature 3948 gnd in the
manusls provided by system manufacturers. In addition,
systam manufacturers and approval organtzations have &
wealth of unpublished test and incident data that are often
ssential in daveloping system specifications and designsfor
specific applications.

VAPOR CLOUD EXFPLOSIONS

Release of & large quantity of flammablc gas ar vapor
Into the stmosphere will mnll.ollaasllgmpm-aﬂ:g.lathe
formation of a vapor cloud. Ignition of the vapor
cloud may, under certain vaguely defined conditions, result
In sufficiently rapid flame propagation to generate destruc-
tive overpressures and blast waves. Qualitatively, the con-
ditions sequired for a vapor cloud explosion are (1) 8
Quantity of detonation-prone gasivapor; and (2) eithera ly
energetic ignition source or & highly obstructed environment
ﬂlp:l‘{;' tlm‘“:n -“‘ duced flame l.ccc!mﬂom.l

torically, reported vapor cloud explostens
Bave Involved the relcase of at least 100 kg of flammable gas,
with & quantity of 1000 Lo 10,000 kg most commen.

s tost often involved have been sthylene,

sad butane, According to Wickema's compilation of incl-
dent data, 32 afl of the reported vaper cloud explosions have
Occurred In “semiconfined” environments such that build-
Ings or other lacge structures were within ths vapor cloud at
e Hme of fgnition. Wiekema's data ':,ﬁ?' that the

€acs of » harge building or structure n the sz
Becessary, but not sufficient, condition for an explosion to

.

s
-
1

B39

occur, since at Jeast 15 of 68 (22 percent) ried ignitions
in somiconfined environments resulted ln"mh ﬁrgnucp- i
posed to explosions (37 other ignitions did result In explo-
sions). Damage surveys indicat¢ that many of the vapor
cloud explosions were deflagrations rather than detona-
tions. On the other hand, analyses of pressurc waves gener-
ated from fleme propagation through vapor clouds {e.g.. Leo
af 2!¥) indicate that s speeds of at Jeast 100 m/s are
necessary (o generals potentislly destructive overpressures
groater than t 0.1 aim. Thus, the most likely scenario is
that flame speeds on the order of & few hundred m/s (corre-
:ﬁndlng to so-called quasidetonations) were generated In
actuel incidents as & result of flame scceleration around
bufldings and structures.
o Th‘:omost eommond us?d ;“edwdk ‘lo Bls‘“lg::ﬂ wave
cts from vapor cloud explos to emp! 1 (point
source] blast wave corrclations based on the g{m wmpoln-
a1gy, Le., the TNT equivalent energy. Thisenecgy is given by

, E ='cAH mp {12)
where:
E = blast wave energy (K]}
o = yield, L., the fraction of available combustion en-
cipating in blast wave generation

AH, = ﬂ:ﬁ: net heat af corcbustion {kj/kg)
my = mass of lammable vapor released [Sxa)

‘The corresponding TNT equivalent mass, kg, Wiy is
Wany = E/4500 kg {13)

Figure 3-16.14 Is the ideal blast wave averpressure ver-
sus distance corvelation used In conjunction with Equations
12and 13. Distences in Figure 3-18.14 aro scaled by the cube
root of Wy in accordance with {deal blast wave theory 3
The overpressures in Figure 3-16.14 ara reflected shock
wave ovez] res associated with roflections of the inci-

dent wave off & solid surface ndicular to the
wave mag&tm direction. Nomina! Emns damage and
perso injury thresholds are also indicated in

3-16.14 and in Tahlc 3-18.8. More accurste and com n-
sive damage essessments should be based on actua!l struc-
tura! dynamic loadlngr:!cu!auons leading to impulse-
overpressure damage thresholds as desc , for example,
by Ficketl and Davis.'?

Beforo Equations 12 and 13 can be used affectively,
some guidance is needed on the selection of apprg?rlatn
values of the yield, & Data compiled by Cuﬁnn
Davenport?! on the effcctive ylelds from .prmx tely 20
vapor cloud explosions showed = spread of four orders of
magnitude, with the highest value in one particularly dov-
astating incident being 25 to S0 . Wiekema's
compilation3? shows the efiective yiotd lo be shaut one per-
cent for releases of 1,000 to 10,000 kg vapor, and tobe in the
range of 1 to 10 percent when more than 10,000 kg Is re-
Jeased. The yield in the Flixborough exflnslou {oae of the
most destruciive and the most thoroughly investigated and
sreported vapor cloud explosion to date] is 4 to § porcent
based on the 30 to 40 metric tons of cyclobaxane relcased
prior to igaition.¥® Thus, the specification of yietds for blast
damage predictions Is an exercise in risk assessment, with

*Although the TNT equivalency method ks most common in the
W&lmmﬁoﬂmmmmm”"
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Attachment 9: TVA PSAR, Hartsville Nuclear Plants

TVA
HARTSVILLE NUCLEAR PLANTS
] DOCKET NOE. STN-50-518,519,520,521

PSAR AMENDMENT 30

500z 29035



USCA Case #16-1081  Document #1636984 Filed: 09/21/2016 Page 266 of 278

. Document No. 32-2400572-02
Natural Gas Pipeline Hazard Risk Determination Revision 2

Page 33 of 45

-

wr-22
2.2.3.6 gas_pipeline Pazaxd _ v
. @ A qas pipeiinc lnauluttm belmglnq*.otho Enst .'.rexiuee.isc--'-'
Hatural Gas Company (ETNG) pacses through the northern part of
the Hartoville Site. As ghown in Figure 2.2-9(T) the pipeline
.ctoase; the site boundary mear the northwest corner, enters a
compressor substation morth-northeast of the plant, and leaves
the site at the northeast site boundary, Approximately .67
miles of pipe lie within the site .boundary with a closest
approach of approximately 2,650 feet to the nearest critical
plant structure.
An extensive investigation into the safety hazards posed by
thie pipeline has been conducted. The yearly probability of a
hatard to the plant was detarmined in this investigation. Events
which could cause & hazard to the plant were Sdentified in the
form of a hazard tree shown in rigure 2.2-50(‘:). The hazards .
from thermal radiation; blast overpressure, missile generaticn,
and plent contamination by gas at an umcceptable\ concentration
wore analyszed ¢o determine the protabllity of exceeding
acceptable levels at the plant site. The yearly probability of ]
exceeding the acceptability critezla (referred to as the hazard \
prubadbiticy) was cqlculatad using sophisticated analysie
tachniques. The analyeis accounted for & broad range of
parameters, such as leak location and site, time varying gas
cloud size, shape, and orientaticn relative to the plant,
neteorological conditions, and the time at which the gas cloud ' i
iqnites.

It vas detemmined thatsthe yearly probability of & hazapéd dus
to thernal radiation, miseile gensration, and plant contamination

2eae e eseams

- YN . - sen wa
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§ HNP-17
: by 1as at an unacceptable concentration is negligible. It was ) ;.

Wy )

also determined that the best cstimate of the yearly probability
of a peak reflectce ] overpressure of 2.8 psi at the plant due to a “
qas cloud detonation was 0.16 x v +, assuming that unconfined

natural gas can detonate. (There is gome doudbt that uncontined

natural gas can detonate. See section 2.2.3.8.6.3.3(3) for |
further discusesion. If unconfined natural gas cannot detonate,

then the btobabillty of a 2.4~psi peak reflected ovecpressurs is 'l?
zero.)

2.2.3.65.1 Gas_Piveline Descrirtion. A natural gas pipeline
installation belonging to the Bast Tenaessee Hatural Gas (ETNG) |'7

Company pasaes through the northern part Of the Hartsville site.
The pipeline was constructed in the early 1950°'s and {g part of a

[ adl |

neework consisting of approximately 3000 mileg of major pipelines

operated by ETNG, ”

The buried pipeline follows the tarrain along its route. It
crosses the northwest plant perimater at an elevation of
approximately $520. feet and rapidly rises to an elevation of
600 fest, [t 18 nearly 200 feet tn‘uwatton above reactor
building grade at its point of closest spproach to a critical
plant structure (&lesel building for plant A, Unit 2),

The pipo han an ocutside dlameter of 22 inches and is oprruted
at a maximunm prossure of 720 psiqg at the compressor gtation. The
average operating pressure at the point of closest approach s
app:oxtntoly 550 psig. The pipeline contum; autbmattc g
fsolation valves., The nearest ones to the plant are located

030676

P
Loitnl

- arns e
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ENP-17

The minimun clearance for all coenditione was found to be 275
- feet. This occurs for break ‘point 12. stahility class G, ‘and a
wind speed of 7.5 miles per hour. _
The minimum clearance for a given break point and stability class
is relatively insensitive to wind speed. This is evident by
comparigsion of the data within each column of Table 2.5-1 M
The time at which the minimum clearance condition occurs varies
congiderably with wind speed,
The rc;su.lts described above are based on the expected plume
rise for each break point, stability class, wind speed, and time.
An analyesis wae also performed to determine the impact of
acs-ummf; worst~case estimates for gplume ::l.sé equation variables,
; using the minimum clearsnce conditions (break point 12, stability
class G, 7.5 mph, 750 seconds). A worst-case clearance of 60
- feet was obtained in the analysis, which ‘i described in the
. fono;'ﬂ.ng paragraphs.
- The results.in Table 2.2-1(T) are calculated using the
. hominal p!.;me rise ccefficiente given by Briggs (Reference 10).
A maximum variation due to random factors of about 25 to 35
percent above or below the nomiual rise can be expected. A
worst-cage coefticient of si.:ty-ﬁve percent of the nominal was
‘therefore established as a lowe: bound on the plume rise due to
randon variations.

The gas temperature afte:_: expansion in the atmosphere may be
less than the surrounding air, as discussed in Section
2.2.3.8.8.1. This temperature &ifferential is expected to be not
qreate;:' than 50° P. One hundred degrees Fahrenheit was

. establighad as a conservative botnd on the temperature

2.2-12 030676
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s
differedtial for the worst—case. -Thie differentfal reduces plume = = °® -

rise uniformly by approximately twelve percent.

The clearances in Table 2.2-1(T) are based on a vertical
temperature gradient of 7 degrees Ccentigrade per 100 meters for
Stability class G. The worst-case temperature gradient expected
at the site is 10 degrees Centigrade per 100 meters. Use of this
value :esults in plume riges approximately 90 percent less than
those .on which tahle 2.2-1(T) is based.

When all of the above factors were combined, a vo:st—ease.
plune rise reduction of approximately 50 percent was obta:lne_d.
r_he eox;reeponding worat~case clearance toc the aiy intakes is 60 ' .
feet, ) ) o '

‘rhia demonstrated that the probability of a hazard@ due to gas
contamination ie essentially zero, eincé gas at flammable ;
eon_cex}t:at.lona did not approach the plant air intakes under
worst-case condition§. )
2.2.3.&.'6.2 eat re Hazard
The p:obabi.nt.y of a hazard at the plant due to heat exposu:e
was found to be negligible undet worst-case eondttions. A
maxinus heat flux of 200 BIU/LT was obtained in the analysis.
"r‘his may.be compared with a flux of approximately 1,750 BTU/ft2
‘required for spontanecus ignition of wood (Reference 18). Since
all of the critical plant surfaces exposed to the heat radiated
- from a burning cloud are concrete, the maximum flux is well below
that yf;ich would cause any damage.

The largest gas cloud flammable regions and lowest plumé
.r.lqes occur for low wind speeds under stable atmsp}:eric (g_lass ,
G) conditions. These conditions also give rise to the highest \>
heat fluxes. For a given break point and wind epeed, the heat ‘-‘- .?
030676 -« .-
2.2-121 s .

. . f:"‘

.
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fiux 1m.:|:ea8e's 'uith :l.gnition timé until the gas cléud recedes
away from the plant. Analysis of the heat fluxes from various
pipe segments revealed that the maximum flux resulted from a
rupture .tn_aegment 14 (see Figure 2.2-16(T})), which has the
lowest elevation. This condition occurred for a wind speed of
0.6 miles per.i:our and an ignition time of approximately 100
minutes after the start of gas release.

The maximum heat flux is based on the nominal plume rise for
stability Class G. If a wors':-ca:se reduction facter of
50 percent is applied to the nominal plume rise, as in the case
of the gas contamination hazard (Section 2.2.3.8.6.%), the
maxinum heat flux is less. mn.eoé Btw/ftet. Thus, the worst-case
heat flux.is well below the fluk uh.‘..ch Gan cause damage to
critical plant structures. .
2.2.34.6.3 ggggna_t_:;gr_x__fng&!, The degoz_xati.pn harard was
determined by calct.ﬂ.ating‘ the yearly pr;ibabiieity of exceeding the
;txuctural capabilities of the safety-related structureg at the
plant by air blasts or mias:l:l.e impacts. Plant structural
capabilities given in the response to Question 130.22 were used

in thesge mlyseé. These established that a congservative value

for the most vulnerable safety-reiated structure was 2.4 psi peak
reflected pressure, Combinations of various rupture locations
(break points), meteorclogical conditions, and detonation times
were. evaluated in the estimation bfc hazard probability.

-~ 2.2-12:
' 030676
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Attachment 10: ALOHA Benchmarking Test Case
OBJECTIVE

Verify that ALOHA 5.2.3 version is correctly predicting results on the installed -
computer, an IBM-compatible PC (ID#3W2BZ1) using Microsoft Windows XP®
Professional, Version 2002, operating system with a Pentium(R) 4 processor.

TESTING METHOD AND ACCEPTANCE CRITERION

Select an example test case from the ALOHA User’s Manual as a benchmark. Enter the
test case input data on the installed computer and then compare the example and installed
computer results. The values should be identical.

RESULTS

User’s Manual Example 3: A Pipe Source was chosen as the benchmark test case to
compare results because it is very similar to the postulated scenario being evaluated in
this calculation. Example 3 input data, as shown on user’s manual pages 143 through
149, was entered into the installed computer, with one exception: the internal computer
clock was used instead of the example date and time to distinguish the two printed
results.

Copies of both the “Footprint Plot” and “Text Summary” from the user’s manual (page
40 in this calculation) and the installed computer output (pages 41 and 42 in this
calculation) are attached. As shown, the plots are identical and the predicted numerical
values on the text summaries are virtually identical. The only variations are in the “Total
Amount Released,” where the Example 3 value is 84,565 pounds vs. 84,564 pounds for
the installed version and the user’s manual text summary includes a default LOC (i.e.,
from library: S0000 ppm). These difference are considered insignificant.

CONCLUSION

The installed ALOHA 5.2.3 version is correctly predicting results as designed.
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§  Choose Footprint from the Display menu.

Hisiibeie

ALOHA predicts that the concentration of methane may exceed 5,000 ppm forup to
about 190 yards downwind of the leaking pipe.

RN Fe41priat Caow AN T
,

(dnlh'cd singte storied)
PST (usar specified)

{
Cunlcal bose? NETHRE folecular lhl t' 16.84 hghact
TNV-TA2 sunavalle - HNz: =unoval
lhfwlt LOC from Library: SO0 ppe

ootprint Lavel gf Loncearn: U0 ppa

lclllng Pointt -250.68° F
Vaoor Presmure at feblent Tesperaturel greatar than | ata
fadlent Saturation Concentration: l.m.m Pom o 100.8X

| sroseERIc NFoEETION: (IRl 1PUT OF DATR)

Kind: 13 knots fm S at 3 snters B loversion Halght

Ratative Hardibys 781 e Rooghrmesst san country
Cloud Covers lltzm

(4] :lmur!'l Imh-im. flpa l.nngth: tm feat

ﬂp- upwtnt “u*rF #ips Prasst 183 (befsq in

ﬁsdun sacoth Hole Preas u.a sq In
ond of the plpt Is connected to an (nfinlts sourca
fRalsase Mtlonl MOHA Linlted Hw mtlm to 1 howr
Nax Ralecss Mh: 4,48
ax Averoge Sustalned loan Rate? 1,430 Ml-ln

(overoded over ¢ alnuta or sore)
Toto) Meount Releassdis 84,553 pounds

FOOTPRINT UFOAATIONS
5 Dispersion fodula? Oaunlcn
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Footprint Window

ALOHA® 5.2.3%

190 yards

-Time: December S,.2003 0822 hours PST (using computer's clock)
Chemical Name: METHANE .
Wind: 15 knots from SE at 3 meters
FOOTPRINT INFORMATION: )

Digpersicn Module: Gaussian

User-specified LOC: $000 ppm
Max Threat Zone for LOC:
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Text Summary 0 ALOEA®D 5.2.3%

SITE DATA INPORMATION: -
Location: PORTLARD, OREGON
Building Air Exchanges Per Hour: 1.26 (sheltered single storied)
Time: Decexber 5, 2003 0822 hours PST (using computer's clock)

CHEMICAL INFORMATION:
Chemical Nama: METHANE Molecular Weight: 16.04 kg/kmol *
TLV-TWA: -unavail- IDLH: -~unavail- .
rootprint Level of Cencern: 5000 ppm
Boiling Point: -258.68° r
Vapor Pressure at Azbient Temperature: greater than 1 atm
Ambient Saturation Concentration: 1,000,000 ppm or 100.0%

ATHMOSPHERIC INFORMATION: (MANUAL INPUT OF DATA)
Wind: 15 knots fxom SE at 3 metexs
Mo Inversion Height
stability Class: D Alr Temperature: &4° P
Relative Humidity: 78% Ground Roughness: open country
Cloud Cover: 10 tenths

SOURCE STRENGTH INFORMATION: . .

Pipe Diameter: 8 inches Pipe Length: 1000 feet
Pipe Temperature: &4° P Pipe Presa: 100 lbs/sq in
Pipe Roughness: sgmooth Role Aresz: 50.3 sg in

tInbroken end of the pipe iz connected to an infinite source

Release Duratien: ALOHA limited the duration to 1 hour

Max Computed Release Rate: 4,430 pounds/min

Max Average Sustained Release Rate: 1,430 pounds/min *
{faveraged over & minute or more)

Total Amount Released: 84,564 pounds

FOOTPRINT INFORMATION:
Dispersion Module: Gaussian
User-gpecified LOC: 5000 ppm
Max Threat Zone for LOC: 190 yards
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Attachment 11: Design Verification Checklist
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A DESIGN VERIFICATION CHECKLIST
RAMATOME ANP
Document ldentifier 3, - ¢1'{00 813 —03—
1. | Were the Inputs correctly selected and incorporated into designor ' aoN | 0w
analysis?
2. Are assumptions necessary to perform the design or analysis activity w Y ON O NnA
adequately described and reasonable? Where necessary, are the
assumptions identified for subsequent re-verifications when the detailed
design activities are completed?
3. Are the appropriate quality and quality assurance requirements specified? m Y O N O Na
Or, for documents prepared per FANP procedures, have the procedural
requirements been met?
4. If the design or analysis cites or is required o cite requirements or ﬂ Y O w 0O wa
criteria based upon applicable codes, standards, specific regulatory
requirements, Including issue and addenda, are these properly identified,
and are the requirements/criteria for design or analysis met?
5. Have applicable construction and operating experience been considered? Ovy O N _Q] N/A
6. Have the design interface requirements been satisfied? v 0N XI N/A
7. Was an appropriate design or analytical method used? Y O N ] NA
8. | Is the output reasonable compared {o inputs? 4 Y N 1 WA
8. Are the specified parts, equipment and processes suitable for the Oy I g] NA
_required application?
10. | Are the specified materials compatible with each other and the design ay ON R] N/A
environmental conditions to which the material will be exposed?
11. | Have adequate maintenance features and requirements been specified? v N ) E? N/A
12. | Are accessibility and other design provisions adequate for perfformance of Oy ONnN m N/A
needed maintenance and repair?
13. | Has adequate accessibility been provided to perform the in-service Oy ON ﬁ NA
inspection expected to be required during the plant life?
14. | Has the design properly considered radiation exposure to the public and Oy O N w N/A
plant personnel?
15. | Are the acceptance criteria incorporated in the design documents Oy ON w N/A
‘ sufficient to allow verification that design requirements have been
satisfactorily accomplished?
16. | Have adequate pre-operational and subsequent periodic test Oy N m N/A
requirements been appropriately specified? A
17. | Are adequate handling, storage, cleanmg and shipping requirements Oy O N w NA
' specified?
18. | Are adequate identification requirements specified? Oy 1N _Tm /A
19. | Is the document prepared and being released under the FANP Quality | v ON 0O wa
: Assurance Program? ¥ not, are requirements for record preparation -

review, approval, retention, etc., adequately specified?
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| A DESIGN VERIFICATION CHECKLIST
*RAMATOME ANP
Comments:

1. Although'Reg. Guide 1.91 (Ref. 3) does not address effects of airblasts associated w/pipelines, equation 1 of Reg. Guide
1.91 (R2kW ”). used in the determination of the exposure distance (Section 6.1.3 on p. 7 and Attachment 4), is based on the
concept of TNT equivalence and applicable to hydrocarbons under pressure. ‘

2. The benchmarking test case for the ALOHA program (Attachment 10) meets the requirements of FANP procedure 402-01,
Section VII.C.

Note: Comments 1 and 2 are from the Design Verification Checklist attached to Revision 1 of this calculation.

Verified By: J.H. Snooks II 9 (JOD ';(:
“irst, M, Fast) Printed / Typed Name Signature Date
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