
Records Already Publicly Available in ADAMS 

1. ML15104A660 - Indian Point, Units 2 & 3- Revised 10 C.F.R. 50.59 Safety Evaluation 
and Supporting Analyses Prepared in Response to the Algonquin Incremental Market 
Natural Gas Project, dated April 8, 2015. 

2. ML 110390554 - Draft Regulatory Guide DG-1270, "Evaluation of Explosions Postulated 
to Occur at Nearby Facilities and on Transportation Routes Near Nuclear Plants", 1.91 
Draft Rev. 2, dated July 31, 2011. 

3. ML 12170A980 - Regulatory Guide DG-1270, "Evaluation of Explosions Postulated to 
Occur at Nearby Facilities and on Transportation Routes Near Nuclear Plants", 1.91 
Revision 2, dated April 17, 2013. 

4. ML20056F095 - Office of the Inspector General, "Concerns Pertaining to Gas 
Transmission Lines at the Indian Point Nuclear Power Plant," Event Inquiry, Case No. 
16-024, dated February 13, 2020. 

5. ML083180126 - Calvert Cliffs, Unit 3, "Submittal of Response to Requests for Additional 
Information for the Set No. 9 External Hazards", dated November 11 , 2008. 

6. ML092180424 - Calvert Cliffs, Units 1 and 2, "Safety Evaluation Regarding Revisions to 
Hazards Analysis Related to Liquified Natural Gas Plant Operations at Cove Point", 
dated October 28, 2009. 

7. ML 13296A035 - Calvert Cliffs Nuclear Power Plant, Unit 3, "Response to Request for 
Additional Information for the RAI 397 Evaluation of Potential Accidents", dated October 
18, 2013. 

8. ML 19030A283 - Clinch River Nuclear Site, Early Site Permit Application, Part 02 Site 
Safety Analysis Report (SSAR) (Rev.2) - Chapter 02 - Site Characteristics - Section 
02.02 - Nearby Industrial, Transportation, and Military Facilities, dated January 18, 
2019. 
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UNITED STATES COURT OF APPEALS 
FOR THE DlSTRlCT OF COLUMBJA CTRCUIT 

CITY OF BOSTON, 
DELEGATION 

TOWN OF DEDHAM, 
MASSACHUSETTS 

RTVERKEEl1 ER, TNC. et al. 
PETITIONERS 

v. 

FEDERAL ENERGY REGULATORY 
COMMISSION 

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

DOCKET NO. 16-1081 
consoHdated with 
16-1098, 16-1103 

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. 

2. 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. 

3. 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. 

4. 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. 

5. 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. 

1 See attached CY. 
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6. The expert opinions I express in this declaration are based on my thorough 
analysis of Entergy and NRC's calculations, meetings with the NRC, FOlA 
requests, fonnal petitions, NRC Petition Review Board meetings, conference calls 
with the NRC and with PHMSA, and my review of hundreds of documents 
related to the A[M project. 

7. On September 27, 20l4, l formally submitted my expert opinions to FERC related 
to the potential impact of the proposed Algonquin Incremental Market (AIM) 
pipeline expansion (FERC Docket No. CP l4-96-000) on the safe operation of the 
1J1dian Point Nuclear Plant. 

8. While I agree that Congress has given the NRC exclusive j urisdiction 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. 

9. 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 fa ilure, 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 N RC for evaluating the impact of a gas line release other than RG 1.91. 

10. 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 
specitical ly prohibits the use of this program fo r 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.3 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. 

11. 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 

2 The 2013 version of NRC RG 1.91 is available on the NRC website at ADAMS database accession 
number: ML 12 I 70A980. 

3 EPA Aloha User's Manual {February 2007) at 146, available at https://nepis.epa.gov 
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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 1.9 1. 

12. A summary of the risk analysis was submitted by Entergy to the NRC on August 
14, 20144 and includes the following statement : 

NL-14-106 
Docket Nos. 50-247 and 50-286 

Page 3of 4 

SEGUR~Eb.UEIHNFQRMA"RON- Wm-tHOl.D UNOER 10-CFR-2.390 

Release of Natural Gas from the Proposed New AIM 42" Pll)ellne 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 lo as the "Hazard's 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 stud/ performed fo r 
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 1.9 I provides the following clear and simple equation fo r determining the 
blast radius from a gas line rupture. Again, the NRC has no other acceptable 
equation for the calculation of a blast radius 

where 

l 

R,,,1,, = Z * Wl 

R,,.,,. = dis tance from explosion where P .. wi ll equal 1.0 psi (6.9 kPa) (feet or meters) 
W = mass ofTNT (pounds or kilograms (kg)) 
Z = scaled distance equal to 45 (ft/lb113/2 when R is in feet and Wis in pounds 
Z - scaled distance equal to 18 (m/kg1 3

) when R is in meters and W is in kilograms 

( I) 

A safe distance from a source of potential explosion to critical plant structures would be equal to 
or greater than R,,,;11• 

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% yie ld number used by NRC and the conversion of kilograms of 
methane to TNT. Therefore, if the gas release is terminated immediately, the 

Letter from Entergy, NL-14-106, dated August 2 1, 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 [PEC Prepared for Entergy Nuclear 
Operations. Inc. by The Risk Research Group. Inc., 18 Dogwood Road, West Orange. NJ, Dated August 
19, 2014". 

3 
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6 

blast radius wiJl be small. 1f the release continues for a prolonged period, the blast 
radius wil l be much greater. 

16. I obtained a copy of Entergy's and the NRC's ca lculations under the Freedom of 
Infonnation Act. The calculations performed by Entergy and the NRC both 
assumed that the gas flow in the AlM 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 FOlA request6 that the flow rates for gas released 
from a rupture of the AlM pipeline will be 376,000 kilograms per minute for the 
first minute, 200,000 ki lograms per minute for the next minute, and I 00,000 
kilograms per minute until the gas line is isolated. This statement originated7 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 wi ll 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 thi s much less 
conservative and unreliable blast radius in its safety assessment rather than the 
blast radius that would have been calculated us ing 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 ofreactor 
unit 2. 

NRC internal email dated April 27, 2015: 
·eased 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).· 

Risk Research Group, Inc Anal sis dated Au ust 19 2014 
:, Based on an •IIUIP relcas.e me o x ' This rare caniprues lbe release or 
t•mh i!; tile fint 111iJ111111! f from , Ir 'rn-r-..'""""rr-111 the next IWO minllla (lla:OClfttull far lht-
pttU~ ) ~m'n . ~ valve closure. Thb lddhional 3 minur.c:s a.her 1he v.ilves arie 
closed (ft-om AL ). 

S!CURt'[Y-RElfflD INPOBUA:1'10N • \ffl'NMOLO UH-,. f8 !f'R !.390 

The Risk Reacmth Group, Inc. 23 August 19. 2.014 

4 
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10 

20. A blast radius in the range of3,000 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 s imi lar 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. 

21. On March 24, 2015, NRC Chairman Bw·ns testified before Congress and was 
questioned by Congresswoman Lewey as to why the EPA's ALOHA program 
was used for this analysis rather than the methodology required by RG 1.9 1 .8 

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. Thjg is an inaccurate 
statement to a member of Congress by the NRC Chainnan. RG 1.9 I discusses 
"vapor clouds'' and their impact 10 times in RG 1.91. References provided in the 
RG provide othe r guidance for addressing heat flux. None of the references 
suggest the use of ALOHA for evaluating the risk of a gas line release. 

22. 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 conduc ted a "bounding" analysis assuming a gas release for one hour. 
This bounding analysis used an energy release inconsistent w ith previous values9 

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. 

23. At the Turkey Point N uclear facility in Florida, the NRC properly using RG 1.91 
analyzed the safety risk of a 22-inch gas line w ith an operating pressure of 722 
PSI. 10 This analysis projected a blast radius of 3,097 feet. Comparatively, the 
AIM project involves a significantly larger pipel ine (42 inches) w ith 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). 

24. 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 regulatio ns. 
This regulatory guide clearly states that if the probability of a pipe line event 
occurs at a frequency of less than I in 10 million per year (Ix IO ·7 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. 

25. 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. 

5 
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Indian Point is acceptable because they have calculated it to be Jess than 1 in lO 
million per year (or I x I 0·7 per year). However, it is my expert opinion that the 
actual failure probability of the ATM pipeline is in the range from I in 1000 tQ I 
in 10,000 per year, which is completely unacceptable and inconsistent with the 
requirements of l O CFR Part I 00 and RG 1.91. Put in perspective, according to 
NTSB statistics, there are approximately 37 million commercial airline fl ights per 
year with about l O fatal crashes per year, or l crash in 3,700,000 commercial 
fl ights per year. The probability of a nuclear event at Indian Point due to a gas 
line failure is in the range of I in I 000 to l 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: 

DETERMINATION OF EXPOSURE RATE FOR FAILURE OF THE AIM PROJECT PIPELINE 
NEARfPEC 

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"'/mlle-yr. Assuming 3. miles of AIM. Project pipeline near IPEC, the accident rate 
Is. detennined to be 1.5. x 10-3/yr. Based on the infonnation in these references, estimatlng 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 10·7/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 damag:e 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 
AIM 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 .. 

27. 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 ·3) within the proximity of Indian Point, a number that exceeds the 
NRC's acceptable probability rate by a factor of more than 1000 times. 

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

6 
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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. 

29. 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 tbe capacjty (flow) of the new A IM 
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 lndian Point 
nuclear fac ility. A study required by the NRC determined that the consequences 
of a pipe line explosion near the proposed nuclear fac ility were unacceptable and 
not in compliance with NRC regulations. 11 This event was analyzed using the 
same RG 1.91 requirements that should have been used for analyzing the AIM 
pipeline. 

30. 1n conclusion, the NRC has underestimated the probability of a gas line accident 
impacting the Indian Point nuclear p lant by at least a factor of I 000. Moreover, 
the NRC and Entergy have fai led 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 poi11t site, disabling all vital equipment required to prevent core 
damage and major radioactive releases to the environment. 

31. 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 C ity and cause social and economic impacts in 
the trillions of dollars range. 12 

32. It is my professional expert opinion that a transparent and independent risk 
analysis must be conducted consistent with NRC regu lations 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. 

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

12 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. 

7 
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l declare under penalty of pe1j ury that the foregoing is true and COtTect. 

Executed on September 16, 2016. 

Paul M. Blanch 

8 
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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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OVERVIEW 

Resume 

Paul M. Blanch 
135 Hyde Road, 

West Hartford, CT 06117 
860-236-0326 

A 50+ year professional consulting to the top management of Northeast Uti lities, 
Dominion Nuclear. Millstone Nuclear Power Station , fodian Point and Maine Yankee 
and wjth 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 des ign 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 RTVERKEEPER RELATED TO THE SAFETY AND 
FEASIBILITY OF COOLING TOWERS FOR INDIAN POINT UNITS 2 AND 3. --2015 TO 
PRESENT 

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

CONSULTANT TO NUMEROUS PUBLIC INTERl!:ST 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. I am 
working with the NRC and have met with the NRC Chairman and other 
Commissioners fo r 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 



USCA Case #16-1081 Document #1636984 Filed: 09/21/2016 Page 13 of 278 

Commission (FERC) and the NY Governor's office. 

EXPERT WITNESS FOR NEW ST ATE ATTORNEY GENERAL SUPPORTING NEW 
YORK'S POSITION RELATED TO nm RELJCENSlNG OF LNDIAN POINT UN ITS 2 
AND 3 (JP 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 1P 2&3 and provided the bas is for age related contentions 
submitted on behalfof the State of New York to the NRC within the scope 
of the relicensing requirements of IO CfR 54. The Atomic Safety 
Licensing Board accepted four out of five contentions related to buried 
piping systems, inaccessible cable qualification and the li fe management 
of vital transfonuers. 

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 Y ANKEE-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 IO CFR 
50 Appendix A and other applicable NRC regulations. 

EXPERT WITNESS FOR PLAINTIFFS lN FINESTONE vs. FLORTDA 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 
ENVrRONMENT CONSUL TANT -- 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 
discrimjnation and other technical and safety issues. Developed and 
implemented training programs for BCP and other site personnel. 

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

Consultant, reporting to the President of Maine Yankee Atomic Power 
Company. Primary responsibilities incll!Jde 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 reeei ved internally and referral 
allegations from the NRC. 

EMPLOYEE CONCERNS AND SAFETY CONCIOUS WORK 
ENVIRONMENT CONSULT ANT -- 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 fac ilitator to resolve differences between employees and 
management. Coordinate many different groups at Millstone including 
executive management, legal, human resources and the Employee 
Concerns organ ization. 

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 aod the establishment of a Safety 
Consc ious 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 regu lar 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 T HREE MILE ISLAND 1979 
ACClDENT-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 CONSULT ANT -- 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 ofwhistleblowers 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 Bechte l 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 fi rst 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 resu lted 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 (90-0 l) requir ing 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 perioruc calibration of 
analog instrumentation and the elimination of the need for pressure trnusmitter 
response time testing. The formation ofan lSA Standard activity (]SA 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 Account ing Office conducting its study 
related to the N RC'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 (S l C). 

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, re lated 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 develojping 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 E lectronics Technician School, 1964 

PROFESSIONAL ASSOCIATIONS 

Vice Chainnan, 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 NEJ (NUMARC) on the resolution of the common mode fa ilures of 
Rosemont pressure transmitters. 

Worked with the NRC and di scovered (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 Mi le Island post accident monitoring requirements and 
emergency response faci lities. 

Member oflSA 67 .04 for the development of Instrument Setpoints for Nuclear 
Power Plants 

Registered Professional Engineer - Californ ia 
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UNITED ST ATES COURT OF APPEALS 
FOR THE DISTRICT OF COLUMBIA CIRCUIT 

CITY OF BOSTON, 
DELEGATION 

TOWN OF DEDHAM, 
MASSACHUSETTS 

RIVERKE'.EPER, INC. et al. 
PETITIONERS 

v. 

FEDERAL ENERGY REGULATORY 
COMMISSION 

) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 

DOCKET NO. 16-1081 
consolidated with 
16-1098, 16-1103 

DECLARATION OF RICHARD KUPREWICZ 

Pursuant to 28 U.S.C. § 1746, Richard Kuprewicz hereby declares as follows: 

1. My name is Richard Kuprewicz and 1 am president of Accufacts Inc. located at 8040 
161stAve NE, #435, Redmond, WA 98052. 

2. As a chemical engineer and president of Accufacts Inc., I special ize in gas and liquid 
pipeline investigation, auditing, risk management, siting, construction, design, operation, 
maintenance, training, SCADA, leak detection, management review, emergency 
response, and regulatory development and compliance. See attached CV. 

3. I have consulted for various local, state and federal .agencies, NGOs, the public, and 
pipe·line industry members on pipeline regulation, operation and design, with particular 
emphasis on operation in unusually sensitive areas of high population density or 
environmental sensitivity. 

4. I am currently representing the public as a member of the federal Technical Hazardous 
Liquid Pipeline Safety Standards Committee (THLPSSC), a technical committee 
establ'ished by Congress to advise the Pipeline and Hazardous Materials Safety 
Administration (PHMSA) on pipeline safety regulations. The Committee members are 
appointed by the Secretary of Transportation. 

5. On November 21, 2014, the Town of Cortlandt submitted to FERC an expert report I had 
prepared on their behalf which commented on the Draft Environmental Impact Statement 
for the AIM Project. See attached report (R. 1633). In this report l explained my opinion 
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that the Safety Evaluation and Analysis for the Indian Point Nuclear Plant ("IPEC") 
submitted by Entergy to NRC concerning the risk associated with the 42-inch AIM 
pipeline is seriously deficient and inadequate. 

6. A 42-inch pipeline rupture would be a far greater release event than that from the pre­
existing 26- or 30-inch lower MAOP (Maximum Allowable Operating Pressure) gas 
transmission pipelines that had previously been operating in close proximity to IPEC. 

7. A primary deficiency inEntergy's Analysis, which was approved by the NRC, is the 
critical assumption of a three minute response time to identify. acknowledge, and close 
appropriate gas mainline remote isolation valves in the event of a pipeline rupture. 

8. This assumption is unrealistically optimistic. ignoring both systemic dynamics 
(compressor and pipeline system rupture dynamics/interactions that mask remote rupture 
identification), uncertainty in the SCADA monitoring that will further delay remote 
recognition of a pipeline rupture, and control room operator confusion and related human 
factors that will also easily further delay control room remote response actions of a 
pipeline rupture, all of which will work to drive the response time well beyond the 
assumed 3 minute time. 1 

9. In addition, the 3 minute assumption disregards initial release and subsequent blowdown 
times dictated by the laws of thermodynamics related to the rupture of pipelines, even 
large 42-inch gas transmission pipelines. 

10. History is filled with clear examples of gas transmission pipeline rupture events 
generating high heat flux and multiple explosion events well past an hour. Therefore, the 
3-minute response assumption in the analysis approved by NRC is highly unrealistic and 
not appropriate for this sensitive infrastructure site. especially with a 42-inch rugh MAOP 
pipeline. 

11. On September 25, 2015, the NRC sent a letter to New York State Assemblywoman 
Sandy Galef responding to her concerns about the agency's analysis of the safety risk 
posed by the AIM pipeline project's proximity to Indian Point. My review ohhis letter is 
part of the FERC record. As explained herein the three major assumptions stated by 
NRC in its letter clearly demonstrate that the agency's analysis was not conservative and 
is seriously flawed.2 

12. NRC stated in this letter: "Based on input from Spectra Energy, the initial analysis 
assumed a closure time of 3 minutes on pipeline isolation valves. In addition to the 3-

1 SCAD A stands for Supervisory Control and Data Acquisition, which incorporates various methods to remotely 
monitor and control the operation of a pipeline, usually through a centralized control center that may and can be 
located in a different state. 

2 See Accufacts' October 12, 20 IS observations on NRC's Response Letter Dated September 25, 20 IS Concerning 
"Indian Point Nuclear Generating Unit Nos. 2 and 3 - Response to Letter Dated August 4,201 S from New York 
Assemblywoman Sandy Galef'' (R. 2127). 

2 
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minute valve closure case, tbe NRC evaluated a bounding case. This second case assumes 
tbe upstream side of the ruptured pipe is connected to an infinite source of gas for 1 
hour." However, a three minute closure time does not indicate how long the gas has been 
releasing (at incredibly high rates) out of a pipeline rupture on this specific system at this 
location before valve and, ironically, after valve closure. The NRC assumption also 
appears not to consider that gas release even with closed valves will continue at very high 
rates for a considerable period of time. A transient graph of mass release versus time will 
indicate a characteristic gas pipeline ruptme fingerprint form that will dispel any attempts 
to quickly remotely identify, much less actually trigger, valve closure even for automatic 
valves. Such a graph will also reveal the case irrelevancy of a ruptured pipeline 
connected to an infinite source of gas for one hour in the matter ofthis safety analysis. 

13. The NRC also stated: "The NRC staff modeled a pipe break at the location closest to 
plant structures. Because of a Limitation of the ALOHA software, the staff doubled the 
predicted gas release from the upstream side of a pipe break to account for flow escaping 
from both sides of the break. This approach is conservative because in the event of an 
actual break, the downstream side of the pipe would release much less gas than the 
estimated release from the upstream side." However, based on many past pipeline 
rupture investigations 1 have been involved in, a true transient graph of rupture mass 
release versus time on this system at the specific location near the Indian Point nuclear 
plant will easily demonstrate that mass rate ofrelease will be much higher than "double" 
as assumed by the NRC. While it is true that the downstream side of the rupture pipe will 
eventually release gas at lower rates than the upstream side, the gas release rates will still 
be considerable, especially in the early stages of the rupture release. A transient analysis 
will further demonstrate this point and also prove the NRC analysis is not conservative on 
this remotely monitored system at this highly sensitive site. 

14. NRC further asserted: "For the evaluation of the explosion hazard, the NRC used the 
peak gas release rate resulting from a pipe rupture to estimate the mass of natural gas. 
This approach predicts more gas released than other approaches such as a time dependent 
gas release or a release averaged over time." NRC's analysis ignores the reality that 
transient release rates for a 42-inch pipeline rupture so close to a compressor station will 
significantly increase "peak rupture rates" well above those of pipeline design capacity, 
compressor design capacity, and well above "double," as pipe system pressure curves are 
significantly reduced, compressors run out on their curves, and initial pipeline pressure at 
time of rupture on both the upstream and downstream ends of the rupture release at the 
sonic speed in the gas which is higher than the speed of sound. My experience indicates 
pipeline rupture gas rates of release will be incredibly high, well above the NRC's 
inferred "double," for quite some time. 

15. Furthermore, NRC dismissed the safety risk of the close proximity of U1e AIM pipeline to 
IPEC as a very low probability based on unrealistic and unsupported assumptions that 
released gas from a pipeline only becomes ignited 5% of the time, and that only 1% of 
pipeline accidents result in a complete pipe break. NRC's analysis ignores the very real 
possibility that a 42-inch pipeline rupture will occur, and fails to consider the extr,eme 
forces associated with such a high pressure large diameter gas transmission pipeLine 

3 
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rupture that always, because of pipe rupture mechanics, releases as dual full bore pipeline 
releases. 

16. Entergy' s analysis that was approved by the NRC identified that in the vicinity ofIPEC 
the 42-inch pipeline will be enhanced, or upgraded, to consist of X-70 API SL grade pipe 
with a thicker wall thickness of 0.72 inches, buried to a minimum depth of four feet. 
While I approve of these specific proposed safety enhancement measures to increase the 
safety of a 42-inch pipeline near IPEC, additional arguments presented in the Analysis 
are very misleading or inappropriate so as to cause one to underrepresent the real risks of 
pipeline rupture on/near IPEC, even with the enhancements. These additional arguments 
are f.ar from complete in preventing a pipeline rupture. For example, the argument to 
install a concrete barrier over the pipeline to prevent possible damage from third parties 
at first blush sounds like an appropriate step. Unfortunately, I have seen too many 
pipeline near misses where such barriers were defeated, negating the effectiveness of 
such barriers to avoid serious damage to high-pressure pipelines that could result .in 
pipeline rupture. 

17. I have yet to see a steel pipeline that cannot be damaged by third party threat activities, 
especially damage that could result .in delayed pipeline rupture. l have seen similar 
misguided arguments presented in the Analysis that steel pipelines can be made difficult 
to puncture, reflected in some very poor pipeline risk management approach studies and 
safety risk analyses trying to improperly convey the impression that pipelines cannot be 
made to rupture. Delayed pipeline ruptures generating massive explosions and flames are 
caused by damage that seldom punctures the pipe, but the pipe is weakened to where it 
eventually fails in time as a rupture, a large pipeline fracture that occurs in microseconds 
during operation resulting in full bore pipeline releases. 

18. An independent risk analysis is needed to more thoroughly assess the impact of a pipeline 
rupture on IPEC facilities and operation. Such a safety hazard analysis is unique to the 
IPEC facilities and should thoroughly evaluate and document a process safety 
management approach to assess the real effect on IPEC of the proposed 42-inch, 850 
MAOP, gas transmission pipeline if it should rupture. Given the seriousness of a nuclear 
plant loss-of-containment incident, that analysis should reflect actual gas rupture 
dynamics and realistic heat flux release duration and impact for this specific location and 
system. Such an analysis should be performed and subjected to a true independent 
process hazard analysis that would assure any equipment loss impacted by such a large 
diameter pipeline rupture would not prevent the "failsafe" shutdown ofIPEC, nor loss of 
radiation storage containment that could cascade into a radiation release in this highly 
populated and sensitive location. 

19. The stark reality is that pipeline safety regulations and industry standards do not provide 
FERC with siting precautions for such sensitive locations. f ntegrity management ("IM") 
pipeline safety regulations have attempted to instill certain additional safety precautions 
in such potential High Consequence Areas. or HCAs. Unfortunately, the first phase of 
these IM regulations, in effecr for more than ten years now, have met with very mixed 
success as evidenced by many high profile pipeline ruptures indicating further 

4 
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improvements in IM regulation are warranted. 

20. To further emphasize the risks associated with new pipelines as well as undermine the 
myth that new pipelines are immune to pipeline rupture, PHMSA, following various 
recent new pipeline construction project investigations, held a series of public meetings 
where PHMSA observed serious deficiencies/problems dw·ing the construction phase of 
new pipelines. Many of these concerns are associated with issues that introduced 
pipeline threats that could result in future pipeline rupture. The newness of a pipeline 
does not guarantee that such pipelines are immune from future pipeline rupture from 
threats introduced from poor construction and/or inspection practices.3 

21. 1n addition, in 20 l 5 the National Transportation Safety iBoard (NTSB), in evaluating the 
effectiveness of the first generation gas transmission pipeline safety integrity 
management approach, found many areas needing improvement to prevent gas 
transmission pipeline ruptures. 4 Specifically dw-ing the period in which the databases 
were comparable, "The NTSB concludes that from 2010-2013, gas transmission pipeline 
incidents were overrepresented on HCA pipelines compared to non HCA pipelines." 5 

Effective regulation ofHCAs should have resulted in a downward trend not an over 
representation. NTSB's observation comes as no surprise to me given my many 
investigations associated with pipeline rupture, which have uncovered numerous pipeline 
operator fai lures to comply with the intent of the integrity management federal minimum 
pipeline safety regulations. 

22. My extensive experience in pipeline rupture investigations, spanning many decades, 
indicates that Entergy, the NRC, and others making statements that a 42-inch pipeline 
rupture can be quick.ly isolated and implying that the pipeline operator can quickly 
remotely recognize and isolate the pipeline rupture within minutes (such as shutdown in 
three minutes) are misleading and downright false. A transient pipeline rupture analysis 
for the proposed 42-inch, 850 psig MAOP pipeline in the vicinity ofIPEC needs to be 
properly performed, subject to independent verification of key asswnptions, and gas 
pipeline rupture possible impacts to TPEC reviewed to confirm that such a rupture event 
near IPEC and its associated key facilities would not prevent the facilities from safely 
shutting down and/or place the public at great risks. 

3 See PHMSA website http://primis.phmsa.dot.gov/meetingi./FilGet.mtg?fil-- 15 I summarizing issues identified 
during PHMSA inspection of 35 construction projects. 

4 This 2015 NTSB report was referenced in PHMSA's recent Notice of Proposed Rulemaking Pipeline Safety: 
Safety of Gas Transmission and Gathering Pipelines, 81 FR 20722, 20729 ("The NTSB noted, in a 2015 study, thal 
IM requirements have reduced the rate of failures due to deterioration of pipe welds, corrosion, and material fail ures. 
However. pipeline incidents in high-consequence areas due to mher factors increased between 20 IO and 20 13, and 
the overall occurrence of gas transmission pipeline incidents in high-consequence areas has remained stable.''). 

s See attachedNTSB, ··Safety Study: Integrity Management of Gas Transmission Pipelines in High Consequence 
Areas." NTSB SS-15/01, January 27. 2015, p. 21. 

5 
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I declare under penalty of perjury that the foregoing is true and correct. 

Executed on September t .L, 2016. 

6 
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1. R. Kuprewicz CV 

2. Town of Cortlandt Report (prepared by Accufacts), 
submitted to FERC (November 21, 2014), R. 1633 

3. Accufacts Comments (October 12, 2015) re: NRC 
Response Letter dated September 25, 2015 re: Indian Point 
Nuclear Facility. 

4. Extract from Safety Study: Integrity Management of Gas 
Transmission Pipelines in High Consequence Areas, NTSB 
SS 15-01, Section 3.2, p. 20-21 (January 27, 2015). Full 
report available at http://www.ntsb.gov/safety/safety­
studies/Documents/SS 1501. pdf. 
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Richard B. Kuprewicz 

Tel : 425-802-1200 (Office) 
E-mail: kuprewicz@comcast.net 

8040 161st Ave NE, #43.5 
Redmond, WA 98052 

Profile: 

Employment: 

As president of Accufacts Inc. , I specialize in gas and liquid pipeline investigation, auditing, risk 
management, siting, construction, design, operation, maintenance, training, SCADA, leak 
detection, management review, emergency response, and regulatory development and 
compliance. I have consulted for various local, state and federal agencies, NGOs, the public, and 
pipeline industry members on pipeline regulation, operation and design, with particular emphasis 
on operation in unusually sensitive areas of high population density or environmental sensitivity. 

Accufacts Inc. 1999 - Present 

Pipeline regulatory advisor, incident investigator, and expert witness on all matters related to gas 
and liquid pipeline siting, design, operation, maintenance, risk analysis, and management. 

Position: 
Duties: 

President 
> Full business responsibility 
> Technical Expert 

Alaska Anvil Inc. 1993-1999 

Engineering, procurement, and construction (EPC) oversight for various clients on oil production 
facilities, refining, and transportation pipeline design/operations in Alaska. 

Position: 
Duties: 

Process Team Leader 
> Led process engineers group 
> Review process designs 
> Perform hazard analysis 
> HAZOP Team leader 
> Assure regulatory compliance in pipeline and process safety management 

ARCO Transportation Alaska, Inc. 1991-1993 

Oversight ofTrans Alaska Pipeline System (TAPS) and other Alaska pipeline assets for Arco 
after the Exxon Valdez event. 

Position: 
Duties: 

Senior Technical Advisor 
> Access to all Alaska operations with partial Arco ownership 
> Review, analysis of major Alaska pipeline projects 

ARCO Trans ortation Co. 1989-1991 

Responsible for strategic planning, design, government interface, and construction of new gas 
pipeline projects, as well as gas pipeline acquisition/conversions. 

Position: 
Duties: 

Manager Gas Pipeline Projects 
> Project management 
> Oil pipeline conversion to gas transmission 
> New distribution pipeline installation 
> Full turnkey responsibility for new gas transmission pipeline, including FERG 

filing 
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Four Corners Plpellne Co. 

Filed: 09/21/2016 

1985 - 1989 

Managed operations of crude oil and product pipelines/terminals/berths/tank farms operating in 
western U.S., including regulatory compliance, emergency and spill response, and 
telecommunications and SCADA organizations supporting operations. 

Position: 
Duties: 

Vice President and Manager of Operations 
> Full operational responsibility 
> Major ship berth operations 
> New acquisitions 
> Several thousand miles of common carrier and private pipelines 

Arco Product CQC Kiln 1985 

Operations manager of new plant acquisition, including major cogeneration power generation, 
with full profit center responsibility. 

Position: 
Duties: 

Plant Manager 
> Team building of new faci lity that had been failing 
> Plant design modifications and troubleshooting 
> Setting expense and capital budgets, including key gas supply negotiations 
> Modification of steam plant, power generation, and environmental controls 

Arco Products Co. 1981 -1985 

Operated Refined Product Blending, Storage and Handling Tank Farms, as wel l as Utility and 
Waste Water Treatment Operations for the third largest refinery on the west coast. 

Position: 
Duties: 

Operations Manager of Process Services 
> Modernize refinery utilities and storage/blending operations 
> Develop hydrocarbon product blends, including RF Gs 
> Modification of steam plants, power generation, and environmental controls 
> Coordinate new major cogeneration installation, 400 MW plus 

Arco Products Co. 1977-1981 

Coordinated short and long-range operational and capital plann ing, and major expansion for two 
west coast refineries. 

Position: 
Duties: 

Manager of Refinery Planning and Evaluation 
> Establish monthly refinery volumetric plans 
> Develop 5-year refinery long range plans 
> Perform economic analysis for refinery enhancements 
> Issue authorization for capital/expense major expend itures 

Arco Products Co. 1973-1977 

Operating Supervisor and Process Engineer for various major refinery complexes. 

Position: 
Duties: 

Operations Supervisor/Process Engineer 
> FCC Complex Supervisor 
> Hydrocracker Complex Supervisor 
> Process engineer throughout major integrated refinery improving process yield 

and energy efficiency 
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Qualifications: 

Education: 

Currently serving as a member representing the public on the federal Technical Hazardous Liquid 
Pipeline Safety Standards Committee (THLPSSC), a technical committee established by 
Congress to advise PHMSA on pipeline safety regulations. 

Committee members are appointed by the Secretary of Transportation. 

Served seven years, including position as its chairman, on the Washington State Citizens 
Committee on Pipeline Safety (CCOPS). 

Positions are appointed by the governor of the state to advise federal, state, and local 
governments on regulatory matters related to pipeline safety, routing, construction, operation 
and maintenance. 

Served on Exe-cutive subcommittee advising Congress and PHMSA on a report that culminated in 
new federal rules concerning Distribution Integrity Management Program (DIMP) gas distribution 
pipeline safety regulations. 

As a representative of the public, advised the Office of Pipeline Safety on proposed new liquid 
and gas transmission pipeline integrity management rulemaking following the pipeline tragedies 
in Bellingham, Washington (1999) and Carlsbad, New Mexico (2000). 

Member of Control Room Management committee assisting PHMSA on development of pipeline 
safety Control Room Management (CRM) regulations. 

Certified and experienced HAZOP Team Leader associated with process safety management 
and application. 

MBA (1976) 
BS Chemical Engineering ( 1973) 
BS Chemistry (1973) 

Pepperdine University, Los Angeles, CA 
University of California, Davis , CA 
University of California, Davis, CA 
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1. "An Assessment of First Responder Readiness for Pipeline Emergencies in the State of Washington,'' prepared for 
the Office of the State Fire Marshall, by Hanson Engineers Inc., Elway Research Inc., and Accufacts Inc., a11d 
dated June 26. 2001. 

2. "Preventing Pipeline Failures,'' prepared for the State of Washington Joint Legislative Audit and Review 
Committee ("JLARC"}, by Richard B. Kuprewicz, President of Accufacts Inc., dated December 30, 2002. 

3. "Pipelines - National Security and the Public's Right-to-Know," prepared for the Washington City and County 
Pipeline Safety Consortium, by Richard B. Kuprewicz, dated May 14, 2003. 

4. "Preventing Pipeline Releases," prepared for the Washington City and County Pipeline Safety Consortium, by 
Richard B. Kuprewicz, dated July 22, 2003. 

5. "Pipeline lntegrlty and Direct Assessment, A Layman's Perspective," prepared for the Pipeline Safety Trust by 
Richard B. Kuprewicz, dated November 18, 2004. 

6. "Public Safety and FERC's LNG Spin, What Citizens Aren't Being Told ," jointly authored by Ric~ard B. Kuprewicz, 
President of Accufacts Inc., Clifford A. Goudey, Outreach Coordinator MIT Sea Grant College Program, and Carl 
M. Weimer, Executive Director Pipeline Safety Trust, dated May 14, 2005. 

7. "A Simple Perspective on Excess Flow Valve Effectiveness in Gas Distribution System Service Lines," prepared 
for the Pipeline Safety Trust by Richard B. Kuprewicz, dated July 18, 2005. 

8. "Observations on the Application of Smart Pigging on Transmission Pipelines," prepared for the Pipeline Safety 
T rust by Richard B. Kuprewicz, dated September 5, 2005. 

9. "The Proposed Corrib Onshore System - An Independent Analysis,'' prepared for the Centre for Public Inquiry by 
Richard B. Kuprewicz, dated October 24, 2005. 

10. "Observations on Sakhalin II Transmission Pipelines," prepared for The Wild Salmon Center by Richard B. 
Kuprewicz, dated February 24, 2006. 

11 . "Increasing MAOP on U.S. Gas Transmission Pipelines," prepared for the Pipeline Safety Trust by Richard B. 
Kuprewicz, dated March 31, 2006. This paper was also published in the June 26 and July 1, 2006 issues of the 
Oil & Gas Journal and in the December 2006 issue of the UK Global Pipeline Monthly magazines. 

12. "An Independent Analysis of the Proposed Brunswick Pipeline Routes in Saint John, New Brunswick," prepared 
for the Friends of Rockwood Park, by Richard B. Kuprewicz, dated September 16, 2006. 

13. "Commentary on the Risk Analysis for the Proposed Emera Bru nswick Pipeline Through Saint John, NB,'' by 
Richard B. Kuprewicz, dated October 18, 2006. 

14. "General Observations On the Myth of a Best International Pipeline Standard," prepared for the Pipeline Safety 
Trust by Richard B. Kuprewicz, dated March 31, 2007. 

15. "Observations on Practical Leak Detection for Transmission Pipelines - An Experienced Perspective,'' prepared 
for the Pipeline Safety Trust by Richard B. Kuprewicz, dated August 30, 2007. 

16. "Recommended Leak Detection Methods for the Keystone Pipeline in the Vicinity of the Fordville Aquifer,'' prepared 
for TransCanada Keystone L.P. by Richard B. Kuprewicz, President of Accufacts Inc., dated September 26, 2007. 

17. "Increasing MOP on the Proposed Keystone XL 36-lnch Liquid Transmission Pipeline," prepared for the Pipeline 
Safety Trust by Richard B. Kuprewicz, dated February 6, 2009. 

18. "Observations on Unified Command Drift River Fact Sheet No 1: Water Usage Options for the current Mt. 
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dated April 3, 2009. 

19. '"Observations on the Keystone XL Oil Pipeline DEIS," prepared for Plains Justice by Richard B. Kuprewicz, 
dated April 10, 2010. 

20. "PADD Ill & PADD II Refinery Options for Canadian Bitumen Oil and the Keystone XL Pipeline," prepared for the 
Natural Resources Defense Council (NRDC), by Richard B. Kuprewicz, dated June 29, 2010. 

21. "The State of Natural Gas Pipelines in Fort Worth," prepared for the Fort Worth League of Neighborhoods by 
Richard B. Kuprewicz, President of Accufacts Inc., and Carl M. Weimer, Executive Director Pipeline Safety Trust, 

dated October, 2010. 

22. "Accufacts' Independent Observations on the Chevron No. 2 Crude Oil Pipeline," prepared for the City of Salt 
Lake, Utah, by Richard B. Kuprewicz, dated January 30, 2011. 

23. "Accufacts' Independent Analysis of New Proposed School Sites and Risks Associated with a Nearby HVL 
Pipeline," prepared for the Sylvania, Ohio School District, by Richard B. Kuprewicz, dated February 9, 2011. 

24. "Accufacts' Report Concerning Issues Related to the 36-inch Natural Gas Pipeline and the App lication of 
Appleview, LLC Premises: 7009 and 7010 River Road, North Be·rgen, NJ," prepared for the Galaxy Towers 
Condominium Association Inc., by Richard B. Kuprewicz, dated February 28, 2011. 

25. "Prepared Testimony of Richard B. Kuprewicz Evaluating PG&E's Pipeline Safety Enhancement Plan," submitted 
on behalf of The Utility Reform Network (TURN), by Richard B. Kuprewicz, Accufacts Inc., dated January 31, 2012. 

26. "Evaluation of the Valve Automation Component of PG&E's Safety Enhancement Plan," extracted from full 
testimony submitted on behalf of The Utility Reform Network (TURN), by Richard B. Kuprewicz, Accufacts 

Inc., dated January 31, 2012, Extracted Report issued February 20, 2012. 

27. "Accufacts' Perspective on Enbridge Filing to NEB for Modifications on Line 9 Reversal Phase I Project," prepared 

for Equiterre Canada, by Richard B. Kuprewicz, Accufacts Inc., dated April 23, 2012. 

28. "Accufacts' Evaluation of Tennessee Gas Pipeline 300 Line Expansion Projects in PA & NJ," prepared for the 

Delaware RiverKeeper Network, by Richard B. Kuprewicz, Accufacts Inc., dated June 27, 2012. 

29. "Impact of an ONEOK NGL Pipel ine Release in At-Risk Landslide and/or Sinkhole Karst Areas of Crook County, 

Wyoming," prepared for landowners, by Richard B. Kuprewicz, Accufacts Inc., and submitted t o Crook County 

Commissioners, dated July 16, 2012. 

30. " Impact of Processing Dilbit on the Proposed NPDES Permit for the BP Cherry Point Washington Refinery," 

prepared for the Puget Soundkeeper Alliance, by Richard B. Kuprewicz, Accufacts Inc., dated July 31, 2012. 

31. "Ana lysis of SWG's Proposed Accelerated EVPP and P70VSP Replacement Plans, Public Utilities Commission of 

Nevada Docket Nos. 12-02019 and 12-04005," prepared for the State of Nevada Bureau of Consumer Protection, by 
Richard B. Kuprewicz, Accufacts Inc., dated August 17, 2012. 

32. "Accufacts Inc. Most Probable Cause Findings of Three Oil Spills in Nigeria," prepared for Bohler Advocaten, by 

Richard B. Kuprewicz, Accufacts Inc., dated September 3, 2012. 

33. "Observations on Proposed 12-inch NGL ONEOK Pipeline Route in Crook County Sensitive or Unstable Land 
Areas," prepared by Richard B. Kuprewicz, Accufacts Inc., dated September 13, 2012. 
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Company L.L.C. Minisink Compressor Project Application to FERC, Docket No. CPll-515-000," prepared by Richard B. 

Kuprewicz, Accufacts Inc., for Minisink Residents for Environmental Preservation and Safety (MREPS), dated 

November 25, 2012. 

35. "Supplemental Observations from Analysis of CEIi Confidential Data Supplied to Accufacts Concerning Tennessee 

Gas Pipeline's Northeast Upgrade Project," prepared by Richard B. Kuprewicz, Acn1facts Inc., for Delaware 

RiverKeeper Network, dated December 19, 2012. 

36. "Report on Pipeline Safety for Enbridge's Line 98 Application to NEB,'' prepared by Richard B. Kuprewicz, Accufacts 

Inc., for Equiterre, dated August 5, 2013. 

37. "Accufacts' Evaluation of Oil Spill Joint Investigation Visit Field Reportirng Process for the Niger Delta Region of Nigeria," 

prepared by Richard 8. Kuprewicz for Amnesty International, September 30, 2013. 

38. "Accufacts' Expert Report on ExxonMobil Pipeline Company Silvertip Pipeline Rupture of July 1, 2011 Into the 

Yellowstone River at the Laurel Crossing," prepared by Richard B. Kuprewicz, November 25, 2013. 

39. "Accufacts Inc. Evaluation of Transco's 42-inch Skillman Loop submissions to FERC concerning the Princeton Ridge, NJ 

segment," prepared by Richard B .. Kuprewicz for the Princeton Ridge Coalition, dated June 26, 2014, and submitted to 

FERC Docket No. CP13-551. 

40. Accufacts report "DTI Myersville Compressor Station and Dominion Cove Point Project Interlinks," prepared by Richard 

B. Kuprewicz for Earthjustice, dated August 13, 2014, and submitted to FERC Docket No. CP13-113-000. 

41. "Accufacts Inc. Report on EA Concerning the Princeton Ridge, NJ Segment of Transco's Leidy Southeast Expansion 

Project," prepared by Richard B. Kuprewicz for the Princeton Ridge Coalition, dated September 3, 2014, and submitted 

to FERC Docket No. CP13-551. 

42. Accufacts' "Evaluation of Actua l Velocity Critical Issues Related to Transco's Leidy Expansion Project," prepared by 

Richard 8. Kuprewicz for Delaware Riverkeeper Network, dated September 8, 2014, and submitted to FERC Docket No. 

CP13-551. 

43. "Accufacts' Report to Portland Water District on the Portland - Montreal Pipeline," with Appendix, prepared by 

Richard B. Kuprewicz for the Portland, ME Water District, dated Ju ly 28, 1014. 

44. "Accufacts Inc. Report on EA Concerning the Princeton Ridge, NJ Segment of Transco's Leidy Southeast Expansion 

Project," prepared by Richard B. Kuprewicz and submitted to FERC Docket No. CP13-551. 

45. Review of Algonquin Gas Transmis.sion LLC's Algonquin Incremental Market ("AIM Project"), Impacting the Town of 
Cortlandt, NY, FERC Docket No. CP14-96-0000, Increasing System Capacity from 2.6 Billion Cubic Feet (Bcf/d) to 2.93 

Bcf/d," prepared by Richard B. Kuprewicz, and dated Nov, 3, 2014. 

46. Accufacts' Key Observations dated January 6, 2015 on Spectra's Recent Responses to FERC Staff' s Data Request on the 

Algonquin Gas Transmission Proposal (aka "AIM Project"), FERC Docket No. CP 14-96-000) related to Accufacts' Nov. 3, 

2014 Report and prepared by Richard B. Kuprewicz. 

47. Accufacts' Report on Mariner East Project Affecting West Goshen Township, dated March 6, 2015, to Township 

Manager of West Goshen Township, PA, and prepared by Richa rd B. Kuprewicz. 

48. Accufacts' Report on Atmos Energy Corporation ("Atmos") fi ling on the Proposed System Integrity Projects ("SIP") to the 

Mississippi Public Service Commission ("MPSC") under Docket No. 15-UN-049 ("Docket"), prepared by Richard B. Kuprewicz, 
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49. Accufacts' Report to the Shwx'owhamel First Nations and the Peters Band ("First Nations") on the Trans Mountain Expansion 

Project ("TMEP") filing to the Canadian NEB, prepared by Richard B. Kuprewicz, dated April 24, 2015. 

50. Accufacts Report Concerning Review of Siting of Transco New Compressor and Metering Station, and Possible 

New Jersey Intrastate Transmission Pipeline With in the Township of Chesterfield, NJ ("Townsh ip"), to the 

Township of Chesterfield, NJ, dated February 18, 2016. 

51. Accufacts Report, "Accufacts Expert Analysis of Humberplex Developments Inc. v. TransCanada Pipelines Limited 

and Enbridge Gas Distribution Inc.; Application under Section 112 of the National Energy Board Act, R.S.C. 1985, c. 

N-7," dated April 26, 2016, filed with the Canadian Nation Energy Board (NEB). 

52. Accufacts Report, 11 A Review, Analysis and Comments on Engineering Critical Assessments as proposed in PHMSA's Proposed 

Rule on Safety of Gas Transmission and Gathering Pipelines," prepared for Pipeline Safety Trust by Richard B. Kuprewicz, 

dated May 16, 2016. 

53. Accufacts' Report on Atmos Energy Corporation ("Atmos") filing to the Mississippi Public Utilities Staff, "Accufacts Review of 

Atmos Spending Proposal 2017-2021 (Docket N. 2015-UN-049)," prepared by Richard B. Kuprewicz, dated August 15, 2016. 
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VIA eFiling 

Kimberly D. Bose, Secretary 
Federal Energy Regulatory Commission 
888 First Street NE, Room I A 
Washington, DC 20426 

Filed: 09/21/2016 Page 18 of 45 

Daniel Mach 
Direct Dial: (646) 378-7291 
dmach@sprlaw.com 

November 21, 2014 

Re: FERC Proceeding CPl4-96: Algonquin Gas Transmission, LLC Algonquin 
Incremental Market ("AIM") Project 

Dear Ms. Bose: 

Enclosed for filing please find the report of Accufacts, Inc. prepared on behalf of the Town of 
Cortlandt, commenting on the Draft Environmental Impact Statement for the AIM Project. Exhibits 4 and 
5 of the report refer to Critical Energy Infrastructure Information ("CEIi") materials. Consistent with 
FERC's eFiling guidelines, we are filing both a public copy of the report from which Exhibits 4 and S 

have been redacted and, under seal, a full copy including Exhibits 4 and S. 

Please contact me if you require any additional information. 

Cc: Anita Rutkowski Wilso11 
Vinson & Elkins LLP 
Attorneys at Law 
2200 Pennsylvania Avenue NW, Suite S00 West 
Washington, DC 20037-170 I 

Daniel Mach 

460 PARK AV ENUE • NEW YO RK, NEW YORK• 1002 2 P 2r2.42 1. 2 1 50 F 212.421.1891 • WWW. SPRLAW. COM 
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Accufacts Inc. 
"Clear Knowledge in the Over Information Age" 

November 3, 2014 

To: Mr. Thomas Wood 
Town Attorney 
Town of Cortlandt 
1 Heady Street 
Cortlandt Manor. NY 10567 

Filed: 09/21/2016 Page 19 of 45 

4643 1 92nd Dr. NE 
Redmond, WA 98074 
Ph (425) 836-4041 
Fax (425)836- 1982 
kuprewicz@comcast.net 

Re: Review of Algonquin Gas Transmission LLC's Algonquin Incremental Market 
("AIM Project"), Impacting the Town of Cortlandt, NY, FERC Docket No. CP14-96-
0000, Increasing System Capacity from 2.6 Billion Cubic Feet (Bcf/d) to 2.93 Bcf/d 

Executive Summary 

Accufacts Inc. was retained by the Town of Cortlandt ("Cortlandt") to perform a basic system 
review and to provide a brief analysis of the above FERC filing as it may affect Cortlandt. The 
project as submitted to FERC is asking for several major modifications on the Algonquin gas 
transmission system to increase gas capacity by approximately 342 dekatherms per day (Dth/d) 
from Ramapo, NY, to move gas eastward to Connecticut, Rhode Island and Massachusetts 
markets. The AIM proposal impacting Cortlandt upgrades the existing 26-inch and 30-inch 
looped pipelines between the Stony Point and the Southeast Compressor Stations in New York, 
by removing sections of existing 26-inch lower 674 psig Maximum Allowable Operating 
Pressure ("MAOP") pipe, replacing it with approximately 8 miles of new 42-inch higher 850 
psig MAOP pipe, and installing new interconnecting pressure reducing/letdown valves to take 
advantage of the higher MAOP pipe (See Exhibit 1).1

• 
2

· 
3 A segment of the new 42-inch 

installation may also involve approximately 2 miles of pipe looped on new right-of-way 
("ROW") running south of the Indian Point nuclear power plant complex within Cord landt. 
Modifications to a metering and regulating station servicing the Cortlandt, NY area are also 

1 Looping is the connection of two or more pipes between two points, splitting gas flow to reduce 
pressure drop through the connected sections of the pipeline due to pressure limitations or for 
increasing the flow rate in a bottlenecked or constrained segment or section. 
2 MAOP is a term defined in federal minimum pipeline safety regulations that defines the 
maximum pressure under which a gas pipeline may normally be operated. Pressures greater than 
MAOP are allowed in certain situations. 
3 There are varying numbers in AIM Project filings to FERC for the miles of pipe replacement 
within Cortlandt. The 8 mile figure is derived from Exhibit G data. 
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included in the project. This report focuses on the gas transmission infrastructure that could 
impact Cortlandt. 

The following are major findings and observations from my analysis of the AIM Project 
proposal , sections of the AIM DEIS, and a detailed review of CEll info1mation supplied in tbe 
Exhibit Gs submitted to FERC by Algonquin that contain important system information.4 

Exhibits 4 and 5, which are included as attachments, conta in more detailed information 
bolstering my general observations and findings, but these two spec ific Exhibits are CEil 
protected under a nondisclosure agreement ("NDA"), and are not for public re lease or 
di stribution , even among Cortlandt officials, unless they have also signed a FERC CEII NOA . 

Major Accufacts Findings and Observations for Cortlandt concerning the AIM Project: 

I ) The new 42-inch pipeUne in Cortlandt is considerably oversized/overbuilt for the stated 
capacity increase of 342 Dth/d claimed for this project. 

2) Actual gas velocities, an important variable driving design, for the pre-AIM existing gas 
transmission pipelines s annin Cortlandt are within acceptable ranges, but after the AIM 
installation are so low that considerable future possible throughput increases can be easily 
accommodated for these segments. 

3) Further Algonquin Pipeline pipe expansions in New York State are likely given the 42-
inch pipe installations proposed for AIM, and the extremely high gas velocities in other 
existing segments of the New York system furthe r downstream of Cortlandt. However, 
the AIM proposal and the DEIS contain no evaluation of the impacts of these future 
expansions. 

4) The Safety Evaluation and Analysis for the Indian Point Nuclear Plant ("IPEC") 
submitted by Entergy concerning the risk associated with the 42-inch AIM pipeline is 
seriously deficient and inadequate . 

5) Additional precautions are warranted for the proposed southern 42-inch pipeline route 
near the Buchanan-Verplanck Elementary school. 

Expanding on the above major findings and observations: 

1) The new 42-inch pipeline in Cortlandt is considerably oversized/overbuilt for the stated 
capacity increase of 342 Dth/d claimed for this project. 

The following Exhibits included as Attachments supplement this report: 

l ) Exhibit 1 is a simple schematic developed from information in the public domain of the 
existing and proposed major pipeline segments for the AIM Project that could impact 

4 Accufacts requested the CEIi information from FERC on September 11 , 2014 and received the 
files from Algonquin on October 6, 2014. 
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Cortlandt. The AIM Project is proposing to modify the pipe line segments between the 
Stony Point and Southeast Compressor Stations into two sit:,rnificantly different operating 
loops via new mainline interconnects utilizing pressure reducing/letdown valving 
installations, and various pig launcher/rece iver modifications (to be installed within 
Cortlandt) to produce: (a) a "Smaller Loop" mainline system consisting of f irst an 
existing 30-inch pipeline reducing to an already existing 26-inch mainline, and (b) a 
"Larger Loop" mainline system consisting of new proposed 42-inch pipe reducing down 
to an already ex isting downstream 30-inch mainline (See Exhibit l).5 

2) Exhibit 2 is a figure captured from the A[M Project DEIS showing the re lative location of 
where the existing 26-inch p ipeline wi ll be removed and replaced by new 42-inch 
pipeline that AIM has labeled "Take-up and Relay (T&R)," in essentially the same right­
of-way ("ROW") through most of Cortlandt.6 

3) Exhibit 3 is a figure taken from the AIM DEIS depicting existing and proposed 
Algonquin Hudson River crossings for the AIM Project.7 

4) Exhibit 4 (CEIi Protected) is a hydraulic profi le (pipe line pressure vs. pipeline mi lepost) 
developed by Accufacts for the smaller diameter (30-inch and 26-inch) lower MAOP 
pipeline (Smaller Loop) segment within New York State, pre and post AIM Project, for 
the pipelines between the Stony Point and Southeast compressor stations, incorporating 
Exhibit G information provided by Algonquin's submission to FERC. 

5) Exhibit 5 (CEIi Protected) is a hydraulic profile developed by Accufacts for the larger 
diameter (42-inch and 30-inch) higher MAOP pipeline (Larger Loop) segment within 
New York State, pre- and post-AIM Project , for the pipelines between the Stony Point 
and Southeast compressor stations, incorporating the Exhibit G information provided by 
Algonquin's submiss ion to FERC. 

Exhibits 1, 2, and 3 provide a quick perspective of the pipeline changes and general routing 
for the AIM Project in that specific segment of concern between the compressor stations that 
bridge Cortlandt. Exhibits 4 and 5 provide a more detailed technical perspective of some of 
the hydraulics (pressures, MAOP, and gas velocities at certain locations along the pipelines) 
for the flow cases that drive various Accufacts conclusions and findings. For ease of 
reference in Exhibit 4 and 5 , I have set the milepost ("MP") reference for the segments 
beginning at the Stony Point, NY compressor station at zero. The pipelines crossing 
Cortlandt generally begin at the landfall on the east side of the Hudson River , and are thus 

5 Pig launcher/receivers are above ground installations to permit the periodic launching or 
receiving, depending on their location with in the system, of multi-ton inline inspection tools 
inserted into an operating transmission pipeline to assess for various pipe line imperfections, or 
certain possible threats, to pipeline integrity. 
6 Algonquin Gas Transmission LLC Docket No. CP14-96-000, FERC/EIS-0254D, "Algonquin 
Incremental Market Project Draft Environmental Impact Statement," filed to the FERC Docket 
on 8/6/14, p. 2-2. 
7 Ibid., p. 3-20. 
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between approximately MP 3.5 and 11.5 as inclicated on Exhjbits 4 and 5 . Exhibit 4 contains 
an approximately 5 mile shorter length for the Smaller Loop between compressor stations 
post versus pre AIM, whjch Accufacts cannot expla in from the Exhibit G data prov ided. Thjs 
discrepancy suggests an error in this important submission to FERC. This difference does 
not affect Accufacts' major findings or conclusions, however. 

In addition, I have reviewed the Hudson River crossing DEIS discussions currently 
consist ing of: two existing 24-inch pipelines, and an existing 30-inch pipeline, and a 
proposed new 42-inch pipeline crossing to be routed either south of the existing three gas 
pipeline ri ver crossings or at a more northern crossing (the Hudson River Nord1em Route 
Alternative, or "HRNRA") near the existing three pipelines (See Exhibit 3).8 This new 42-
lnch Hudson River crossing, to be installed via Horizontal Directional Drill, or HOD, if 
possible, would connect to new onshore 42-inch pipelines installed on each side of the 
Hudson Ri ver as part of AIM. The southern 42- inch crossing option would incorporate a 
new additional pipeline right-of-way of approximately 1 3/4 miles wiiliin Cortlandt as it is 
routed out of the existing pipeline ROW and south of the Indian Point Energy Complex 
passing a church and an elementary school. The route eventually rejoins the existing 26-inch 
ROW east of IPEC to continue its route ilirough Co1tlandt in the existing ROW as indicated 
in Exhibit 3 filed to the FERC Docket on August 6, 2014 as the Draft Environmental Impact 
Statement, or DEIS. 

A detailed review of the CEIi files captured by the hydraulic profile in Exhibit 5 clearly 
demonstrates the 42-inch pipeline is not needed for ilie AIM project claimed capacity 
increases of 342 Dili/d. The Larger Loop is taking considerable pressure drop introduced 
from a new "midstream" mainline pressure reducing/letdown valve located at the end of the 
new pipe MAOP 42-inch upgrade at the edge of Cortlandt, essentially wasting horsepower 
added at the Stony Point compressor station (See Exhibits 1 and 5). The 42-inch proposal 
overbuilds the system for the capacity/horsepower increases submitted for AIM. The Stony 
Point Compressor station after the AIM project, fails on both the Larger Loop and Smaller 
Loop mainline systems to operate anywhere near Stony Point Compressor Station discharge 
pipeline MAOP, and d1e 42-inch to 30-inch mainline pressure reducing/letdown valve takes a 
major pressure drop for the stated maximum flow conditions.9 This indicates that added AIM 
horsepower is wasted at the Stony Point Compressor station increasing pollution emissions. 

Exhibit 5 can also be used to demonstrate that a new smaller (i.e., 30 or 36-inch 850 psig 
MAOP pipe instead of the proposed 42-inch) can provide the additional 342 Dth/d claimed in 
the AIM proposal. Installation of higher rated MAOP pipe on the discharge segment of 
Stony Point Compressor Station deals wiili one bottleneck on this segment spanning the 
compressor stations. AIM is incomplete, however, as it fails to also adequately address the 

8 The proposed insta llation of the 42-inch across ilie Hudson River and south of Indian Point is in 
a new ROW within the Town of Cordlandt. The existing two, 24-inch and one, 30-inch 
crossings under the Hudson River will remain active and pressurized, in "standby" backup 
service if ever needed, which is a reasonable operating approach for iliis river crossing. 
9 For the Exhibit G CEIi cases reviewed , the Smaller Loop does not take pressure drop at the 
new pressure reducing/letdown valve to stay within ilie 26-inch mainline MAOP. 
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weaker bottleneck mainline segments downstream of Co1tlandt entering the Southeast 
Compressor Station that a re experiencing extTemely high actual gas velocities. 

Installation of the overbuilt/oversized AIM 42-inch p ipe appears to be an initial effort by 
Algonquin to minimize future construction impacts by installing a pipeline larger than that 
needed for tJ,e present stated application, but positions the system for future major increased 
expansions. This is especially true if fmther downstream pipeline "bottlenecks" to the 
Southeast Compressor Station can be overcome with additional pipe replacements/upgrades 
to reduce the extreme actual gas velocities in these remaining existing mainline pipes. 

The AlM Project is clearly oversized and is only a partial step toward a more system-wide 
pipe upgrade path withjn the state of New York. The AW Project thus appears to be either 
an unjustified pipeline expansion or a segmentation of a larger, system-wide upgrade. The 
AIM Project effort is substituting quicker-to-install compressor horsepower placed at Stony 
Point against additional needed pipe replacement. Such a quicker path may be an attempt to 
avoid a proper environmental review and introduces a substantial loss of pipeline system 
efficiency via wasted horsepower and subsequent increased air pollution emissio ns. This 
inefficiency is not addressed in A]M's DEIS. 

2) Actual gas velocities, an important variable driving design, for the existing gas 
transmission pipelines ~ annin Cortlandt are within acceptable ranges, and after the 
AIM installation are so low that considerable future possible throughput increases can 
be easily accommodated for these segments. 

For a natural gas transmission pipeline a critical variable , actual gas velocities (in ft/sec, or 
fps) along the system, is very relevant, usually driving piping mainline modification/addition 
decisions and compressor horsepower installations. Actual gas velocities within a pipeline 
segment are mainly a function of: 

1. the internal pipeline diameter, 
2. the required gas flow along a given pipel ine segment, usually reported at standard 

flow conditions, 
3. pipeline pressure, which decreases and varies down a pipeline, and 
4. pipe segment MAOP. '0 

Because natural gas is compressible as pressure decreases along a pipeline, actual gas 
velocities increase for the same cross-sectional area of the pipe and same gas flow stated at 
standard conditions. Gas flow as stated at standard conditions of temperature and pressure 
can vary depending on possible major additions and takeoffs along a specific pipeline 
segment, though many segments do not have major receipts or deliveries. Because the 
pressure at the downstream segment is less than the upstream pressure, actual mainline 
velocity is usually (but not always, depending on such factors as receipts/deliveries) highest 
for pipeline segments immediately upstream of compressor stations (at lowest segment 

10 There is an associated effect of gas temperature on gas velocity but this influence in long 
transmission pipelines is usually not leveraging. 
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pressure) . High gas velocities can aJ so be experienced in segments where the effective cross 
sectional area of a pipeline, or looped pipelines, is resu·icted or ''pinched," compared to the 
rest of the segments experiencing simjJar standard flows and pressures. 

Accufacts has observed that maximum actual gas velocities along a specific pipe line have 
usually been set by company internal standards that keep velocities well below those that 
could result in mainline erosion and based on other considerations. As a resu lt, federal 
minimum pipeline safety regulations have not established maximum gas velocities for gas 
transmission pipelines. Unfortunately, Accufacts has found that more than one company has 
e lected to change, ignore, or modify their own internal maximum historical gas velocity 
standards in recent FERC filings in order to minimize project costs and/or accelerate 
applications/approvals with FERC and project startup on multibillion dollar expansion 
projects. For example , I place litt le credence in studies or industry standards submitted to 
FERC that try to convey that a maximum gas velocity of 100 fps is appropriate for gas 
transmission pipelines. 11 For many reasons, including close proximity to population areas, 
gas u·ansmission velocities should be set at limits well below those of production pipelines. 

For gas transmission pipelines, two cases are usually important in actual gas velocity 
determinations: the velocities at "design" capacity , and the velocities at "peak flow" which 
will usually be higher than the design case. These two terms are often not defined in a FERC 
process and their misuse or misapplication can have serious consequences on safe and 
appropriate operation of a gas transmission pipeline. 

Peak flow cases and their probable duration usually establish the maximum actual gas 
velocity design control within a transmission pipeline segment, as well as the needed 
additional horsepower and pipeline operating pressure, but this should be confirmed by the 
development of a hydraulic profile (pipeline operating pressure vs milepost) of the boundary 
case incorporating the gas additions and removals along a pipeline system that may differ 
between the cases. Peak flow cases usually set the maximum operating pressure which can 
affect a safety design review within a pipeline segment, but not always. The information 
provided in Exhibit Gs usually permits one to develop such a simple hydraulic profile as that 
captured in Exhibits 4 and 5. Fortunately, the Exhibit Gs and supporting documents for the 
AIM Project provided under CEIi Nondisclosure Agreements provided sufficient relevant 
details to reliably evaluate this system at important points where actual gas velocities may be 
critical for the AIM Project and provide an indication where pipeline bottlenecks remain for 
possible future capacity increases. 

A detailed analys is of the information provided under FERC CEIi nondisclosure and 
Algonquin NDA agreements has allowed Accufacts to develop the hydraulic profiles of 
Exhibits 4 and 5.12 Further, Accufac ts' calculations based on this CEIi protected data 

11 Accufacts Report to Delaware Riverkeeper, "Evaluation of Actual Velocity Critical Issues 
Related to Transco's Leidy Expansion Project," dated Sept 8, 2014 (FERC Docket No. CP13-
551 , Accession No. 20140910-5084 submitted 9/10/2014). 
12 Accufacts was required to take a highly unusual step of signing an Algonquin NDA, which 
raises serious questions about the CEil process in this FERC filing. 
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indicate that actual gas velocities do not exceed )rudent velocities in the i eline seoments 
.manning Cortlandt for both the AIM base and expansion cases . 1n fact, the resulting very 
low gas velocities for these segments after AIM suggest the pipelines crossing Cortlandt will 
be able to easily accommodate considerable future expansions via horsepower increases at 
the Stony Point compressor station. 

3) Further Algonquin Pipeline pipe expansions in New York State are likely given the 42-
inch pipe installations proposed for AIM, and the extremely high gas velocities in other 
existing segments of the New York system further downstream of Cortlandt. However, 
the AIM proposal and the DEIS contain no evaluation of the impacts of these future 
expansions. 

While the gas transmission pipelines crossing Cortlandt for the CEil cases reviewed indicate 
actual gas velocities well within acceptable ranges, this is not the case for much of the 
existing looped pipelines remaining downstream of Cortlandt but upstream of the Southeast 
Compressor Station in New York. Actual gas velocities on these existing 26 and 30-inch 
downstream transmission pipelines are at the highest levels that Accufacts has observed in 
the many FERC CEil filings we have been asked to review (well beyond 60 feet per second). 
Such high gas velocities suggest further pipe replacement projects in the Algonquin system 
in New York are needed or forthcoming. Such additional expansions should not be 
segmented in phases, but should be considered as one overall project requ iring a complete 
environmental review considering their cumulative environmental impact. FERC needs to 
pursue this important possible segmentation question in further detail. 

Because of gas compressibility , pipeline segments facing high gas velocities from increased 
demand can reduce velocities by increasing compressor horsepower with one or a 
combination of the following approaches: (1) increase system operating pressure subject to 
the MAOP limitations of the pipe, (2) rerate or uprate the segment of the pipe MAOP 
following certain pipeline safety minimum regulations for such upgrades that can introduce 
some serious risks unless a proper integrity hydrotest is performed , (3) replace or loop the 
pipeline usually with higher MAOP rated pipe, to yield a larger effective diameter for the 
segment, and/or (4) sho rten the interval between compressor stations by adding new 
compressor stations that essentiaJJy raise the system average operating pressure. 

While the 42-inch take and replace segments (42-inch to replace portions of the existing 26-
inch) overcompensate for basically the upstream half of the looped system between Stony 
Point and Southeast Compressor Stations within New York, the remaining existing looped 
New York p ipeline systems downstream of Cortlandt are a serious impediment given 
inefficiencies of the looped remaining pipeline system both in limited pipe diameter and low 
MAOP. I would anticipate further 26-inch pipe replacement proposals on this segment 
downstream of Cortlandt and upstream of the Southeast Compressor Station in the near 
future that take fu ll advantage of additional capacity of the 42-inch proposed installation 
applied for in this Docket. Commensurate with such an additional pipe segment upgrading 
will most likely be a need for additional compressor horsepower at Stony Point. 
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4) The Entergy-submitted Safety E,1aluation and Analysis for the Indian Point Nuclear 
Plant ("IPEC") concerning the risk associated with the 42-inch AIM pipeline is 
seriously deficient and inadequate.13 

After a careful review, Acc11facts has concluded that the above referenced Entergy Safety 
Evaluation and Analysis ("Analysis"), which includes enhanced pipeline measures proposed 
by the pipeline operator for the 42-inch pipe segment near IPEC fails to adequate ly capture 
the threat and, more importantly, prudently demonstrate that rupture of the new 42-inch 
higher MAOP pipeline will not markedly impact IPEC faciljties , including JPEC's ability tu 
"failsafe" shutdown from such a pipeline rupture. A 42-inch pipeline rupture is a far greater 
release event than that from the existing 26- or 30-inch lower MAOP gas transmission 
pipelines now operating in close proximity to IPEC. 

A primary deficiency in the Analysis is the critical assumption of a three minute response 
time to identify, acknowledge, and close appropriate gas mainline remote isolation valves in 
event of a pipeline rupture. This assumption is unrealistically optimistic, ignoring both 
systemic dynamics (compressor and pipeline system rupture dynamics/interactions that mask 
remote rupture identification), uncertainty in the SCADA monitoring that will further delay 
remote recognition of a pipeline rupture, and control room operator confusion and related 
human factors that will also easily further delay control room remote response actions of a 
pipeline rupture, all of which will work to drive response well beyond the assumed 3 minute 
time . In addition, the 3 minute assumption disregards initial release and subsequent 
blowdown times dictated by the laws of thermodynamics related to pipeline rupture, even 
large 42-inch gas transmission pipelines. History is filled with clear examples of gas 
transmission pipeline rupture events generating high heat flux events well past an hour, so 
the 3-minute response assumption in the Analysis is highly unrealistic and not appropriate for 
this sensitive infrastructw-e site, especially with a 42-inch high MAOP pipeline. Such 
important issues must be taken into consideration in any prudent and reali stic safety analysis 
concerning critical energy infrastructure, such as a nuclear power plant, where gas 
transmission pipeline rupture interactions, such as loss of nearby power grid or substations 
and resulting loss of power to IPEC, may cascade or snowball , driving the nearby IPEC 
facility to fa ilure or prevent emergency access. 

The Analysis has identified that in the vicinity of IPEC the 42-inch pipeline will be 
enhanced, or upgraded, to consist of X-70 API SL grade pipe with a thicker wall thickness of 
0.72 inches, buried to a minimum depth of four feet. 14 While I approve of these specific 
proposed safety enhancement measures to increase the 42-inch pipeline safety near IPEC, 
additional arguments presented in the Analysis are very misleading or inappropriate so as to 
cause one to underrepresent the real risks of pipeline rupture on/near IPEC, even with the 
enhancements. These additional arguments are far from complete in preventing a pipeline 

13 Entergy letter to U.S. Nuclear Regulatory Commission, " 10 C.F.R 50.59 Safety Evaluation and 
Supporting Analysis Prepared in Response to the Algonquin Incremental Market Natural Gas 
Project Indian Point Nuclear Generating Unit Nos. 2 & # Docket Nos. 5-247 and 50-286 License 
Nos. DPR-26 and DPR-64," dated August 21, 2014. 
14 lbid., Sheets 3 to Sheet 10 of 2 1. 
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rupture. For example, the argument to install a concrete barrier over the pipeline to prevent 
possible damage from third parties at first blush sounds like an appropriate step. 
Unfortunately, Accufacts bas seeo too many p ipeli ne near misses where such baniers were 
defeated , negating the effectiveness of such barriers to avoid serious damage to high-pressure 
pipelines. Accufacts has yet to see a steel pipeline that cannot be damaged by tllird party 
threat activities, especially damage that could result in delayed pipeline rupture. I have seen 
similar misguided arguments presented in the Analysis that steel pipelines can be made 
difficult to puncture, reflected in some very poor pipe line risk management approach studies 
and safety risk analyses trying to improperly convey the impression that pipelines cannot be 
made to ru pture. Delayed p ipeline ruptures generating mass ive explosions and flames are 
caused by damage that seldom punctures the pipe, but the pipe is weakened to where it 
eventually fails in time as a rupture, a large pipeline fracture that occurs in microseconds 
during operation. 

The Analysis should more thoroughly assess the impact of pipeline rupture on IPEC facilities 
and operation. Such a safety hazard analysis is unique to the IPEC facilities and should 
thoroughly evaluate and document a process safety management approach to assess the real 
effect on IPEC of the proposed 42-inch, 850 MAOP, gas transmission if it should rupture . 
Given the seriousness of a nuclear plant loss-of-containment incident, that analysis should 
reflect actual gas rupture dynamics and realistic duration and impact for this specific location 
and system. Such an analysis should be performed and subjected to a true independent 
process hazard analysis that would assure any equipment loss impacted by such a large 
diameter pipeline rupture would not prevent the "failsafe" shutdown of IPEC, nor loss of 
radiation storage containment that could cascade into a radiation release in this highly 
populated and sensitive location. Risk management analysis should be considered seriously 
deficient if it dismisses low probability events with catastrophic consequences as no 
probability . History has repeatedly demonstrated that when it comes to complex systems, 
low probability events can easily become linked , substantially increasing the likelihood and 
risks, and may even drive a system to catastrophic failure with all too predictable disastrous 
consequences. A more thorough and truly independent safety analysis of the 42-inch 
pipeline and its possible rupture effects to IPEC are warranted and the results made public 
given the deficiencies and many fa ilings of the current Analysis to instill confidence in the 
public. 

5) Additional precautions are warranted for the proposed southern 42-inch pipeline route 
near the Buchanan-Verplanck Elementary school. 

Given the various concerns raised from involved officials and c1t1zens about the risks 
associated with the southern routing option of the new 42-inch proposed pipeline in close 
proximity to the Buchanan-Verplanck Elementary School, Accufacts will comment on 
pipeline related safety concerns concerning this matter. Ironically, current federal pipeline 
minimum safety regulations, industry codes, or best practices, do not specifically or 
adequately address siting issues or risks related to natural gas pipelines near schools. 
Pipeline safety regulations are moot concerning such important siting related issues for 
various reasons. 

Accufac ts Inc. Page 9 of 11 



2014112 1- 5078 FERC PDF (Unofficial) 11/21/2014 11 : 40 : 45 AM 

USCA Case #16-1081 Document#l636984 Filed: 09/21/2016 Page 28 of 45 

Nevertheless , there are several precautions that Accufacts recommends that would prove 
helpful to rninimize the consequences of a 42-inch pipeline rupture if the new pipeline is 
routed in sucb a sensitive location near the school. There is no requirement that a pipeline be 
placed in an existing or new ROW, or even in the middle of a pipeline ROW. The placement 
of the pipeline light-of-way and the actual location of the pipellne within the ROW should be 
carefully reviewed and assured so as to minimize the removal of trees that buffer between the 
proposed pipeline and the school. Such large and numerous trees can reduce the impact of 
blast and thermal radiation to structures and individuals, buying critical time that can 
markedly reduce injury or loss of life associated with a possible pipeline rupture. in addition 
the Buchanan-Verplanck Elementary School is constructed mostly of masonry that has a 
much greater tolerance, or survivability, during a rupture event. Such more hardened 
structures also serve as excellent radiation sbje lds to shelter individuals from blast and 
thermal radiation. While there is no requirement, placement of school ball and p lay fie lds 
where individuals are most Likely to be caught unsheltered , are best s ituated as presently 
located , in the shadow of the building away from the gas transmission pipeline. Sheltering 
substantially increasing the likelihood of individual survival should a pipeline rupture. 

The stark reality is that pipeline safety regulations and industry standards do not provide 
FERC with siting precautions for such sensitive locations. Integrity management ("1M") 
pipeline safety regulations have attempted to instill certain additional safety precautions in 
such potential High Consequence Areas , or HCAs. Unfortunately , the first phase of these 
IM regulations, in effect for more than ten years now, have met with very mixed success as 
evidenced by many high profile pipeline ruptures indicating fu rther improvements in IM 
regulation are warranted .. 15 

Conclusion 

It should be clear, from a review of the Exhibits and the above discussions, that the attempt to 
replace segments of the 26-inch pipeline segment with a 42-inch pipeline across Cortlandt are 
not in sync with the claimed increased gas demands identified in the current AIM FERC fi ling 
and subsequent DEIS. The operator appears to be pos itioning for further expansions on the 
Algonquin system and there are still serious bottlenecks on the looped system between the 
Stony Point and Southeast Compressor Stations that should have been included with this FERC 
application. The operator appears to be attempting to utilize horsepower compressor additions 
that can be permitted more quickly than pipe installations, in an attempt to overcome pipeline 
bottleneck inefficiencies in remaining segments spanning New York State. 

Accufacts cannot overstress the importance of performing a full and complete process hazard 
safety analysis, independently demonstrating, especially to the public, that there will be no 
interplay between a possible gas transmission pipeline rupture and the IPEC facilities to failsafe 
shutdown or cause a loss of radiation containment in such a sensitive and highly populated area 

15 Sites where significant numbers of people can gather near a pipeline, such as churches and 
schools, fall under the definition of High Consequence Areas, meriting additional pipeline safety 
integrity management precautions as per Subpart O of 49CFR§ 192 for gas transmission 
pipelines. 
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of the country . A proper and thorough hazard review and analysis may suggest another 42-inch 
route is wan-anted to assure the safety of IPEC from this gas transmission pipeline 
infrastructure . Whjle Accufacts can appreciate attempts to keep certain information of such an 
important safety analysis somewhat secret, much more detailed effort is needed to assure the 
public that prudent and complete safety anaJysis efforts have been perfonned in choosing 
possible pipeline options in this location. 

Richard B. Kuprewicz 
President, 
Accufacts Inc 
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Simplified Schematic - Algonquin Gas Transmission Pipelines 
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Exhibit 2 - AIM Project Overview Map from DEIS Showing General Location of 

Replacement of 26-inch with 42-lnch Pipeline Across Cortland, NY 
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Exhibit 3 - Algonquin Pipeline Hudson River Crossings, Existing and Proposed 

from AIM DEIS 
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Accufacts Comments (October 12, 2015) 
re: NRC Response Letter dated September 25, 2015 

re: Indian Point Nuclear Facility. 
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Accufacts Inc. 

Document #l636984 

"Clear K11owledge in the Over Information Age" 

October 12, 2015 

To: The Honorable Sandy Galef 
New York Assemblywoman 
95111 Assembly District 
2 Church Street 
Ossining, NY 10562 

Filed: 09/21/2016 Page 35 of 45 

8040 161 st Ave NE., #435 
Redmond, WA 98052 
Ph (425) 802-1200 
kuprewicz@comcast.net 

Re: Accufacts' Observations on NRC Response Letter Dated September 25, 2015 
Concerning "Indian Point Nuclear Generating Unit Nos. 2 and 3 - Response to Letter 
Dated August 4, 2015." 

I have reviewed the above NRC September 25, 2015 letter to you and continue to find the NRC 
demonstrating an inability to grasp simple but important sdentific and engineering process safety 
concepts related to whether the Indian Point nuclear fac ility is at risk in the event of a rupture of 
the nearby proposed 42-inch high pressure gas transmission pipeline. The NRC's assumptions 
and comments instill no confidence that their analysis is either re levant or appropriate. Their 
approach and statements clearly demonstrate that the NRC does not grasp the tremendous energy 
releases and dynamics associated with pipeline rupture of this very large diameter pipeline, and 
therefore should not be using their current approaches to evaluate gas transmissio:n pipeline 
rupture impacts on their facilities. Attempting to use inappropriate models that fail to capture the 
unique transient impacts of a high-pressure large diameter gas transmission pipeline rupture in a 
highly sensitive site is a poor and inappropriate approach that Accufacts has found in far too 
many incident investigat ions associated with misinformat ion. A true transient release dynamics 
graph (re lease rate versus time) of the proposed 42-inch pipeline rupture case near the Indian 
Point nuclear facility should clearly demonstrate the many flaws in the NRC's recent letter to 
you for this very uniquely sited pipeline. 

While the case to be calculated should not be that difficult to set up , it requires that certain 
information declared "secret or confidential" be disclosed. The transient calculations for this gas 
transmission system pipeline rupture near the nuclear site can be quite involved , however, and 
are not well nor scientifically captured by models or unwise assumptions never intended for such 
purpose, such as the ALOHA model cited by the NRC. I would advise that you continue to 
pursue this effort until the NRC produces such a transient analysis that actually reflects a rupture 
impact of the high-pressure 42-inch gas transmission pipe near the nuclear facility. There should 
be mechanisms that would permit you, as an Assemblywoman, to gain access to declared 
sensitive information that would allow you to reach a prudent conclusion that an analysis is 
complete and prudent concerning their rupture approach , which appears is not the case for the 
NRC's position cited in their recent letter. 
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A closer review of the NRC letter's three major stated assumptions will also clearly demonstrate 
the NRC's approach is not conservative and is seriously flawed. For example: 

NRC Assumption Statement 

''Based on input from Spectra Energy, the initial analysis assumed a closure time of 
3 minutes on pipeline isolation valves. In addition to the 3-minute valve closure 
case, the NRC evaluated a bounding case. This second case assumes the upstream 
s ide of the ruptured pipe is co1mected to an infinite source of gas for I hour." 

Accufacts Observation 

This NRC statement is meaningless and does not permit an independent evaluation that the 
parties performing such a potential impact analysis understand the extremely high transient 
rupture gas rates and very high heat fluxes that can be released on this pipeline system at 
this site. For example, a three minute closure time does not indicate how long the gas has 
been releasing (at incredibly high rates) out of a pipeline rupture on this specific system at 
this location before valve and, ironically, after valve closure. The NRC assumption also 
appears not to consider that gas release even with closed valves will continue at very high 
rates for a considerable period of time. A transient graph of mass release versus time will 
indicate a characteristic gas pipeline rupture fingerprint form that will dispel any attempts 
to quickly remotely identify, much less actually trigger, valve closure even for automatic 
valves. Such a graph will also reveal the case irrelevancy of a ruptured pipeline connected 
to an infinite source of gas for one hour in the matter of this safety analysis . 

NRC Assumption Statement 

"The NRC staff modeled a pipe break at the location closest to plant structures. 
Because of a limitation of the ALOHA software , the staff doubled the predicted gas 
release from the upstream side of a pipe break to account for flow escaping from both 
sides of the break. This approach is conservative because in the event of an actual 
break, the downstream side of the pipe would release much less gas than the estimated 
release from the upstream side." 

Accufacts Observation 

Based on many past p ipeline rupture investigations, Accufacts believes a true transient 
graph of rupture mass re lease versus time on this system at the specific location near the 
Indian Point nuclear plant will easily demonstrate that mass rate of release will be much 
higher than "double" as assumed by the NRC. While it is true that the downstream side of 
the rupture pipe will eventually release gas at lower rates than the upstream side, the gas 
release rates will still be considerable, especially in the early stages of the rupture release. 
A transient analysis will fu rther demonstrate this point and also prove the NRC analysis ~ 
not conservative on this remotely monitored system at this highly sensitive site. 
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NRC Assumption Statement 

"For the evaluation of the explosion hazard , the NRC used the peak gas release 
rate resulting from a pipe rupture to estimate tbe mass of natural gas. This 
approach predicts more gas re.leased tban other approaches sucb as a time 
dependent gas release or a release averaged over time." 

Accufacts Observation 

Accufacts cannot reach any conclusions concerning "peak gas release rate resulting from a 
pipeline rupture," from the above NRC assumption statement, but given the less than 
accurate information re leased to date and our experience in rupture investigations, such a 
peak rate wilJ most likely be well above that utilized in the NRC analysis. Transient 
release rates for a 42-inch pipeline rupture so close to a compressor station will 
significantly increase "'peak rupture rates" well above those of pipeline design capacity, 
compressor design capacity, and well above "double," as pipe system pressure -curves are 
significantly reduced, compressors run out on their curves, and initial pipeline pressure at 
time of rupture on both the upstream and downstream ends of the rupture release at the 
sonic speed in the gas which is higher than the speed of sound. Our experience indicates 
pipeline rupture gas rates of release will be incredibly high, well above the NRC's infe1Ted 
"double," for quite some time . 

The NRC's further comment that they are using a conservative assumption by arguing that they 
are using peak rates over a longer period appear to be disingenuous . Pipeline ruptures of this 
magnitude generate incredibly high gas rates with extremely high heat fluxes that I have seen 
melt steel and vaporize aluminum at considerable distances. Such averaging misses the 
incredibly high heat fluxes associated with transient gas pipeline rupture releases. Lastly, I must 
comment on an additional statement made in the NRC letter to you that: "Likewise, a postulated 
fire at the gas pipeline would create a heat flux at the Indian Point site fence that could be a 
threat to humans, but would not be sufficient to melt plastic." While the above statement does 
not define the distance to the fence line from the rupture point it is my understanding that there is 
Indian Point "safety critical equipment" (approximately 100 feet from the pipel ine) that is nearer 
than the fence boundary, and needed to safely cool down the facility during a plant emergency 
shutdown. A clear drawing needs to be provided to you that identifies the location of such 
"safety critical" equipment and its distance from the pipeline rupture site utilized in any process 
safety evaluation. 

In conclusion, the NRC does not have the expertise nor have they called on appropriate expertise 
to provide a thorough and complete evaluation of the impact of this "first of its kind" proposed 
installation of a large diameter high-pressure natural gas transmission pipeline near a nuclear 
facility in a highly sensitive area. Such a prudent review requires special precautions to assure 
analyses are scientific, complete, and thorough (including possible interactions). It appears the 
claims of "need for security" have undercut verification that such a prudent analysis has been 
adequately performed. The NRC's review is not conservative and I would advise that you 
continue your pursuit of this matter until a complete and proper transient graph and subsequent 
analysis, as well as other important information is provided that would permit verification that 
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tbe 42-inch pipeline rupture will not prevent the safe shutdown of tbe Indian Point nuclear 
faci lity . It is my understanding that the close proximity of the plant switchgear station handling 
power leaving the nuclear plant would most JLkely be quickly lost io a nearby pipeline rupture, 
necessitating a nuclear facility emergency shutdown. rt is thus important that parties 
demonstrate that such an event, even if low probability, will not prevent the nuclear facility from 
ao emergency trip cool down. While I can appreciate the need for some security concerns, such 
concerns should not justify the use of poor tools or assumptions that provide little confidence 
that this issue has been adequately or prudently analyzed. 

Respectfully , 

Richard B . Kuprewicz, 
President, 
Accufacts Inc 
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Extract from Safety Study: Integrity Management of Gas 
Transmission Pipelines in High Consequence Areas, 

NTSB SS 15-01 , Section 3.2, p. 20-21 (January 27, 2015). 
Full report available at http://www.ntsb.gov/safety/safety­

studies/Documents/SS 1501.pdf. 
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National Transportation Safety Boanl. 2015.. I11tegnty Management of Gas Tra11s1111ss1011 Pipe/mes 111 Htgh 
Consequence Areas. Safety Study NTSB/SS-15/01. Washington, DC. 

Abstract: There are approximately 298,000 miles of onshore natmal gas transmission pipelines in the United 
States. Although rare, failure of these pipelines poses a significant 1isk to the public, especially when pipelines 
traverse populated areas, known as high oonsequence areas (HCA). To ensure the physical integrity of their 
systems in HCAs, gas transmission pipeline operators have been required by the Pipeline and Hazardous 
Materials Safety Administration (PHMSA) to develop and implement integrity management programs since 
2004. 

The NTSB unde1took this study because of concerns about deficiencies in the operators' integrity 
management programs and the oversight of these programs by PHMSA and state regulators---concems that 
were also identified in three gas transmission pipeline accident investigations conducted by the NTSB in the last 
five years. These accidents resulted in 8 fatalities and over 50 injuries, and they also destroyed 41 homes. This 
study used both quantitative and qualitative approaches. Data analysis was combined with insights on industiy 
practices and inspectors' experiences obtained through interviews and discussions with pipeline operators, state 
and federal inspectors, industiy associations, and other stakeholders. 

This study found that while the PHMSA's gas integrity management requirements have kept the rate of 
conosion failures and material failmes of pipe or welds low, there is no evidence that the overall occUITence of 
gas transmission pipeline incidents in HCA pipelines has declined. This study identified areas where 
improvements can be made to further enhance the safety of gas ti·ansmission pipelines in HCAs. Areas 
identified for safety improvements include (1) expanding and improving PHMSA guidance to both operators 
and inspectors for the development, implementation, and inspection of operators' integlity management 
programs; (2) expanding the use of in-line inspection, especially for intrastate pipelines; (3) elinlinating the use 
of direct assessment as the sole integrity assessment method; (4) evaluating the effectiveness of the approved 
risk assessment approaches; (5) sti·engthening aspects of inspector training; (6) developing minimum 
professional qualification criteria for all personnel involved in integrity management programs; and (7) 
improving data collection and reporting, including geospatial data. 

The National Transportation Safety Board (NTSB) is an independent federal agency dedicated to promoting aviation. railroad. 
highway, marine, pipeline, and hazardous materials safety. Established in 1967, the agency is mandated by Congress through the 
Independent Safety Board Act of 1974 to investigate transportation accidents, detennine the probable causes of the accide11ts, issue 
safety recommendations, sn1dy transpo1tation safety issues, and evaluate the safety effectiveness of government agencies involved in 
transpo11atio11. The NTSB makes public its actions and decisions tln·ough accident reports. safety studies. special investigation repo11s, 
safety recommendations, and statistical reviews. 

Recent publications are available in their entirety on the Internet at <http://www.ntsb.gov>. Other information about available 
publications also may be obtained from the website or by contacting: 

National Transportation Safety Board 
Records Management Division, CIO--40 
490 L'Enfant Plaza, SW 
Washington, DC 20594 
(800) 877-6799 or (202) 314-6551 

NTSB publications may be purchased, by individual copy or by subsctiption, from the National Technical Infonnation Service. To 
ptudiase th.is publication, order repo11 munber PB2015-102735 from: 

National Technical Information Service 
5301 Shawnee Road 
Alexandria, Virginia 22312 
(800) 553-6847 or (703) 605-6000 

The Independent Safety Board Act, as codified at 49 U.S.C. Section l 154(b), precludes the admission into evidence or use ofNTSB 
rep01ts related to an incident or accident in a civil action for damages resulting from a matter mentioned in the report. 
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From 1994-2013, total gas transmission pipeline mileage increased from 293,438 miles 
to 298,302 miles - an overall increase of only two percent. However, significant incidents 
increased considerably during this period. Figure 5 shows that the rates of significant gas 
transmission pipeline incidents exhibited a gradual increasing trend throughout the 20-year 
period. The average annual significant incident rate increased from 0.13 (pre-gas IM rnle, 1994-
2003) to 0.19 (post-gas IM rnle, 2004- 2013) incidents per 1,000 miles of pipeline. One potential 
factor is a p1ice change over time that can impact the dete1mination of whether an incident is 
considered significant.42 Using data presented in Table 2, the average number of injured persons 
increased from 8 persons per year from 1994-2003 to 10 persons per year from 2004-2013, 
while average fatalities remained at two fatalities per year for both time pe1iods. The NTSB 
concludes that there has been a gradual increasing trend in the gas transmission significant 
incident rate between 1994-2004 and this trend has leveled off since the implementation of the 
integrity management program in 2004. 
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Figure 5. Significant incident rate per thousand miles (1994-2013) 

3.2 HCA Incidents 

PHMSA's annual repo1t provides mileage data for all gas transmission pipelines but only 
began to report HCA mileage in 2010.43 Therefore, HCA-related incident rates can only be 
calculated from 2010-2013. Table 3 shows incident counts and mileage by HCA classification 
from 2010-2013.44 Due to the rep01ting criteria change in 2011 and the sh01t time frame, it is 

42 Based on communication with PHMSA staff. 
43 HCA mileages for 2010-2013 were obtained from data from PHMSA's Annual Report, section L. Specifically, 

we used onshore gas trnnsmission pipeline IM program mileage. Non-HCA mileage was computed by subtracting 
HCA mileage from the total onshore gas transmission pipeline mileage. 

44 The cost of lost gas was removed as an incident reporting criterion, and the quantity of lost gas was added as 
an incident repotting criterion. See 
http:/ /pri.mis. phmsa.dot. gov/co111111/reports/safety/docs/IncidentRep01tingCriteriaHistory 1990-2011. pdf. 
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difficult to discern trends in the data; rather, averages of incidents and mileages by HCA 
classification are presented for the four-year period. The percentage of HCA pipeline miles 
compared to all gas trnnsmission pipeline miles remained constant. On average, seven percent of 
all onshore gas pipelines are HCA pipelines. However, 11 percent of all repo11ed onshore gas 
transmission pipeline incidents occuned on HCA pipelines. Figure 6 shows that for all repmted 
incidents as well as significant incidents, the average incident rates were higher for HCA 
pipelines when compared to non-HCA pipelines. While it may seem expected that incident rates 
would be higher in densely populated areas like HCAs due to the greater likelihood of prope1ty 
damage and casualties, gas IM requirements are specifically designed to reduce risk in HCAs. 
The NTSB concludes that from 2010- 2013, gas transmission pipeline incidents were 
ovenepresented on HCA pipelines compared to non-HCA pipelines. 

Table 3. Total incidents and mileaae b~ HCA classification {2010-2013} 
Incidents Miles 

Year Percent Percent Non-HCA HCA All HCA Non-HCA HCA All HCA 

2010 78 6 84 7 279,320 20,223 299,343 7 

2011 96 10 106 9 279,372 20,351 299,723 7 

2012 75 14 89 16 278,742 19,820 298,562 7 

2013 84 12 96 13 278,687 19,615 298,302 7 

Average 83 11 94 11 279,030 19,030 298,983 7 

Non-HCA Pipeline Segments ■ HCA Pipeline Segments 
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Figure 6. Average incident rates per 1,000 miles by HCA classification and incident severity 
level (2010-2013) 

3.3 Incidents by Cause 

IM programs require an evaluation of all potential threats that, if left unmitigated, may 
lead to pipeline incidents such as rnptures or leaks. As discussed in chapter 1, these threats must 
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U.S. Nuclear Regulatory Commission 

Department of· Energy review required before public release. 

Name/Org.: Anay Luketa/11532} SNUNM Date:03/27/2020 

Subject: Review of NRC confirmatory analysis regarding fire and explosion for Algonquin 
gas transmission line at Indian Point nuclear power plant 

The following provides a review of dispersion and explosion hazard analysis conducted by staff at 
the U.S. Nuclear Regulatory Commission (NRC) [l ] regarding a 42" diameter natural gas pipeline 
next to the nuclear power plant, Indian Point Energy Center (IPEC) near Buchanan, New York. 

This review includes: 

• Evaluation of whether the models specified in the US NRC regulatory guide 1.9· l [2] were 
used appropriately. 

• Verification of the res ults using the models used in the analysis. 
• Preliminary vapor cloud dispersion simulation using Computation Fluid Dynamics (CFD). 
• Summary ofreview. 

The follow ing provides further description of each of these items as well as results and discussion 
thereof. Note that the request by NRC was urgent and required that Sand ia provided the review 
within three weeks. Because of the limited time available the independent analysis performed by 
Sandia is considered prelin1inary for reasons discussed in section 3. 

Additionally, appendix A provides a calculation of incident heat flux seen at IPEC safety related 
reinforced concrete structures. The calculation is based on NUREG/CR-3330 which provides an 
analysis on tbe amount of time nuclear safety related concrete structures can withstand various 
incident beat fluxes [A. l ]. 
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1. Evaluation of the appropriate use of models: 

a. Model Description 

As speciJied in the US NRC regulatory guidelines 1. 9 1, the NRC analysis uses the recommended 
ideal blast wave TNT equivalency method to determine the blast. overpressure from a vapor cloud 
explosion. This method is described in a gu ideline document by Factory Mutual (FM) [3] cited in 
tbe NRC regulatory guidelines ] .91. The Factory Mutual document provides yield factors (or 
efficiency numbers) and heat of combustion values required as inputs into the model and 
discuss ion regarding tbe appropriate use and Umitations of the model. 

The equations used in the model are the following. 

E 
WTNT=----­

Hdetonation TNT 

where 

E = blast wave energy 
a = yield or efficiency number 
~He= theoretical net heat of combustion 
mr = mass of vapor released 
Hcte1011a1io11 TNT= heat of detonation of TNT 

( l) 

(2) 

(3) 

Rmi11= distance from explosion where peak positive overpressure equals 1.0 psi (6.9 kPa) 
Z = scaled distance (45 ft/lb113or 18 m/kg113) 

WrnT = TNT equivalent mass 

b. Model inputs 

Mass of vapor released 
The NRC analysis considered the release from one side of the rupture and uses ALOHA to 
determine the mass of the vapor cloud. The scenario evaluated is of a full -bore above-ground 
release. Such a scenario was rea lized in the natural gas pipeline accident in Carlsbad, New Mexico 
as described in the National Transportation Safety Board report [4] in which a 49-ft section of 
c01Toded pipe was blown off through the soil leaving a large crater. 

The pipeline is assumed to have manual closure of the isolation va lves within 3 minutes where the 
distance between isolation valves is 3 miles. Thus, for a release from one pipe end rather that two, 
both isolation valves would have to be closed and the release would occur at one end of the 3-mile 
section or next to one of the isolation valves. Based on this distance, the pipe length was entered 
as 3 miJes in ALOHA and the closed option selected which means the pipe is closed off at one 
end. ALOHA uses equations for choked flow assuming an ideal gas in which the flow rate 

6ffltCtAL tiSE 6NLY 
2 



6FPICIAL tJSE 6NL1l 
DRAFT 

decreases over time due to the pressure drop and closed end of the pipe. The analysis considers a 
release over I minute us ing the maximum sustained average flow rate. An explosion calcu lation 
was also performed by NRC us ing ALOHA which calculates overpressure distances using the 
Baker-Strehlow method which incorporates factors for obstacles. 

The NRC guidelines 1. 91 cite reference [5] for methods of estimating the mass of the vapor cloud. 
The reference provides a range of possible models to use from integral to CFD-basecl models and 
ALOHA is among those listed wbicb is considered an integraJ-based mode l. ALOHA is not 
capable of modeling topography and congestion and does not have models for supercritical 
releases which wUI be discussed in section 3. The NRC guidelines does state: 

"For releases of vapor clouds at ojjsite location or pipelines, plume modeling based on 
site topography and meteorologiccd conditions shou.ld be evaluated. The atmospheric 
transport of released vapor clouds should be calculated using dispersion or diffi,sion 
models that permit temporal as well as spatial variations " 

Since ALOHA cannot model topography and temporal variations, it is not appropriate for use if 
the above guide line is to be fo llowed. It also does not model supercritical fluids which require 
models for real gases since it assumes the ideal gas law. 

Yield factor 
The parameter, a , in equation 1 is the yield factor or efficiency number which indicates the fraction 
of available combustion energy participating in blast wave generation. 

As stated in the FM guideline document, 

"It cannot be overemphasized that assigning of an explosion efficiency number to a 
potential gas release incident is, with current technology, and entirely arbitrary exercise" 

This is a key point because as discussed in the FM guideline a release in a congested area such as 
dense vegetation, veh ic les, and buildings can result in s ignificantly higher overpressures. The 
congestion will result in a range of yield values which is not accounted for by the TNT equivalency 
method. It is also noted that the method represents the explosion as a point source which is not 
representative of the pressure signatw-e of vapor cloud explosions which tend to h ave greater 
pressures in the far field and of longer duration than predicted from the model. Due to the point­
source representation of the model, overpressures are overpredicted in the near field and 
underpredicted in the far fie ld and are of shorter duration than vapor c loud explosions. Lower 
overpressures of longer dw-ation have the potentiaJ to be more damaging to structures than higher 
overpressures of short duration. It is further noted in the FM guideline that the method despite its 
drawbacks is often used to prnvide an approximate evaluation and that when very specific design 
basis build ing siting is required the method is inappropriate. 

Related to the discussion provided in the FM guideline is the fo llowing statement provided in the 
NRC guideline 1.9 l : 
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"A detailed analysis of possible accident scenarios for particular sites, including 
consideration of the actual amount r~f'potentially explosive material, potential release, site 
topography, and prevailing meteorological conditions, should he used to just~fy a value for 
the yield. However, for establishing safe standoff distances independent of site conditions, 
the use of a conservative estimate for the yield is prudent" 

The NRC guide lines 1.91 refers to the FM guideline for recommendations regarding the yie ld 
factor. The FM guideline recommends a yield factor of 0.05 for a Class I material such as natural 
gas based upon historical evidence which has indicated yields of 0.01 to 0.05 for typical 
hydrocarbons, though yields as high as 50% have been recorded and even very low estimated 
yields ( ~0.001) have caused extens ive damage. Thus, it's d ifficult to determine what value is 
considered conservative. 

The NRC analysis used the recomm ended yield factor of 0.05 but did not account for site-specific 
conditions such as congestion and surrounding topography. A key question is whether the s ite 
surrounding the pipe line can result in much higher yie lds than 0.05 g iven the congestion as shown 
in Figure l. The pipeline shown in Figure 1 is between IPEC and Buchanan or approximately 1600 
ft from IPEC. It is evident that the surrounding area is highly congested with vegetation, s tructures, 
and vehicles indicating that more detailed analysis would be warranted based on recommendations 
in both guidelines. The FM guidelines recommends the TNO Multi-Energy Model for congested 
s ites and is discussed in that document. The main assumption of the NRC analysis is that the s ince 
the vapor cloud is buoyant will rise and rapidly disperse above the smrnunding vegetation and 
structures. This validity of the assumption will be discussed in section 3. 

Figure 1: lndian Point Energy Center and Buchanan, NY. 
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Heat of Combustion 
The NRC guidelines 1.9 1 refers to either NUREG- 1805 [6] or the FM guidelines for the heat of 
combustion, though the FM guidelines does not specify U1e value fm methane or naturn l gas. In 
ref. [6] the heat of combustion for liquefied natural gas composed mostly of methane is provided 
as 50,000 ..Id/kg. Tbe NRC analysis used a value of 50,030 kJ/kg for methane. This results in a 
higher blast wave eneJgy, though of an insignificant amount (0.06%) compared to using a value 
of 50,000 kJ/kg. 

Heat of Detonation 
In equation (2) the denominator, that is the heat of detonation, is given as 4420 kJ/kg (l 900 
BTU/lbm) in the NRC guidelines 1.9 1 where reference [7] is cited as the source for the value. The 
reference r7l sow-ce provides a value of 4500 kJ/kg (1935 BTU/lbm) rather than 4420 kJ/kg. To 
check the vahdity of these values, a resow-cc by a recognized expert i11 the field of explosives [81 
was used. Reference [8] states that the heat of detonation can be determined us ing three 
approaches, two theoretical approaches and experimenta lly. From a theoretical approach using the 
thermodynamic work function the value is 4853 kJ/kg and that using the hydrodynamics work 
function the value is 4519 kJ/kg. Experiment has indicated a value of 4686 kJ/kg. Thus, among 
these values the most conservative is 4519 kJ/kg which is above 4500 kJ/kg indicating that 4500 
kJ/kg is a reasonable value to use. It is uncertain as to where the value 4420 kJ/kg was obtained in 
the NRC guidelines. 

Duration of release 
The amount of mass of vapor used in equation l will determine by the duration of the re lease. One 
of the key assumptions of the NRC analysis is that the vapor cloud will be buoyant and disperse 
within the first minute and thus only considered the mass released over 1 minute. The full release 
duration is never considered whether the release is 3 minutes or 60 minutes thereby making the 
time at which the isolation valves are closed irrelevant. There is no evidence or justification 
presented for this assumption. Note that it is recommended in the FM guideline document that for 
a pipeline release it should be assumed that the pipeline is completely severed, and the duration of 
discharge should be 10 minutes flowing from both ends of the severed pipe even if automatic or 
manual block valves are present. An exception to this recommendation is not made for methane in 
the FM guideline. 

2. Verification of the results 

a. Explosion 

The results of the explosion calculations by the NRC analysis and verification by Sandia National 
Laboratories (SNL) are provided in Table 1. Note that the pipeline pressure is 850 ps ig and in 
ALOHA the absolute pressure should be entered whic h would be 864 psia. Based on this 
verification, the NRC analys is appeared to have used 850 psia. If 864 ps ia is used, the average 
flow rate would increase to 261,000 lbs/min and the resulting distance to an overpressure of 1 psi 
is 2365 ft which is not a significant different than the distance of 2351 ft obtained from the NRC 
analysis. Note that in Table 1 the distance verified by Sandia is using a pressure of 850 psia to 
determine if the NRC results could be reproduced. 
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The NRC analys is used the maximum average flow rate obtained from ALOHA from a closed­
end 3-mile pipeline, considering a release for I minute before the cloud is ignited. The NRC 
analysis used both the TNT equivalency method and ALOHA to calculate the blast overpressure 
distance to l psi. The delay time that was used for the ALOHA calculation for the 1-minute release 
was not specified in the NRC analysis. SNL could only reproduce the results approximateJy if a 
delay time of 8 minutes is specified providing a distance of 3057 ft. If the delay time is not 
specified, but is chosen by ALOHA the distance is much greater, providing 9504 ft The distance 
calculated by NRC using ALOHA for this case was discounted as mentioned in the report that 
vapor dispersion in a congested area is not credible because the methane cloud is buoyant and wtll 
quickly rise and d isperse rap idly. 

The NRC analys is also considered a 60-minute release using ALOHA to calculate the maximum 
average sustained flow rate of 311,000 lbs/min. The mass released over the first minute was 
considered and not the total mass released over 60 minutes. The NRC analysis assumes that since 
the cloud will be buoyant it will disperse within 1 minute and thus an explosion wiJI occur during 
the first minute independent ofrelease duration and thus uses a mass of 311,000 lbs for the TNT 
equivalency calculation. If the cloud is not immediately buoyant, then for a 60-minute release 
using the total mass calculated by ALOHA the result in 8872 ft or 1.7 miles. The assumption of 
whether the vapor cloud is immediately buoyant or if it behaves as a dense gas which will greatly 
extent the time before the cloud is diluted below the lower flammability limit is discussed in section 
3a. 

Table 1: Results of explosion calculation for NRC analysis and SNL verification 
Scenario Pipe distance Mass released Distance to Results of 

l psi blast verification by 
overpressure SNL us ing same 

methods 
Explosion from 3 miles 256,000 lbs for l minute using 235 1 ft (TNT) 2349 ft (TNT) 
one side of full- (distance 'closed' end of pipe option in 3054 ft 9504 ft 
bore rupture between ALOHA (ALOHA, with (ALOHA, with 
release isolation valves) congestion) congestion) 
Explosion from 3 miles Release over 60 minutes using 2509 ft (TNT - 2507 (TNT-
one side of full- (distance ' infini te source' option in mass released for mass released for 
bore rupture between ALOHA. fi rst minute) fi rst minute) 
release isolation valves) • 3 11 ,000 lbs/min maximum 8872 ft (TNT -

average sustained flow rate total mass 

• Total amount releasetl released) 

13.785,499 lbs 

3. Computational fluid dynam ics simulations 

A preliminary simulation was performed to determine the extent of the vapor cloud using two 
Computation Fluid Dynamics (CFD) codes, namely ANSYS Fluent for supercritical pipe flow and 
Fire Dynamics Simulator (F DS) for dispersion. The results from the pipe flow simulation is used to 
provide an approximate boundary condition for the natmal gas release in FDS. Two separate 
simulations were performed because the pipe flow involves very high-speed flow which requires very 
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small timesteps which would greatly increase the dispersion calculation if both the pipe and dispersion 
flow were coupled in a single simulation. Thus, pertinent values for the pipe flow simulation were 
assessed several diameters from the pipe exit where velocities are much lower U1an near the ex it. PDS 
was chosen to perform the dispers ion s imulation instead of AN SYS Fluent because FDS has been 
validated for dense-gas dispersion [9], though AN SYS Fluent has the pertinent physics to model 
dispersion. 

It is highJy stressed that the simulations are considered preliminary because a simulation study 
i1wolves validation, evaluation of parameter sensitivity, and evaluation of grid independence to 
evaluate the level of uncertainty in predictions. Addi tionally, the accuracy of the real-gas equation of 
state used has not been evaluated. Other models spec ifically for natural gas have been recently 
developed [I 0) [111 but reqtJire extensive effort to implement into AN SYS Fluent which would not 
allow for this review to be completed in the tirne lioe required. Also due to the Limited ti me available to 
perform this analysis, the actual topography of the site is not inc luded in the dispersion calculation. 

a. Pipe simulation 

The flow of natural gas in the 42" diameter pipe is supercritical at 850 psi for temperatures 200 K and 
greater shown in Figure 2. Thus, a real-gas equation of sta te is used rather than the ideal gas equation. 
The flow is under-expanded -choked flow in which the Mach number is l at the exit. Specifications 
provided in Table 2 and the domain shown in Figure 3 were used for the simulation. 

Results from this simulation are shown in F igures 4 through 7. Figure 4 shows an axisymmetric 
contour plot of the Mach number which indicates choked flow. Figure 5, showing an axisymmetric 
contour plot of velocity, indicates that the velocity at the exit of the pipe is about 375 mis and that a 
downstream shock wave occurs which has a velocity of about 970 mis. Especially significant to this 
review are the temperature and density contour plots shown in F igure 6 and F igure 7, respectively, 
since the statement has been made in the NRC analysis tha t the vapor cloud will immediately become 
buoyant. The results indicate that the region just before the shock wave would result in condensation 
of the methane and in regions after the shock would condense water allowing for the cloud to be 
visible. Note that the s imulations did not include multiphase flow but wou ld be required for a deta iled 
analysis. 
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Figure 2: Temperature vers us density of methane at 850 psi 
(https://webbook.nist.gov/chemistry/fluid). 
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Figure 3: Domain for pipe simulation. 
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Figure 4: Axisymmetric view of Mach number contours. 
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Figure 5: Axisymmetric view of velocity contours. 
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Figure 6: Axisymmetric view of temperature contours. 
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Figure 7: Axisymmetric view of density contours. 

Under-expanded compressible flow can produce a series of progressively weaker shock waves 
that form a diamond pattern. The pattern will not continue indefinitely but will be diffused from 
viscous effects and will no longer maintain their pattern. The pattern formed will depend on the 
exit pressure which for this s imulation was approximately 350 psi (2.3 MPa or 24 bar). 
Illustration of variation of patterns is shown in Figure 8 which are simulation results taken from 
reference [12] of under-expanded methane jets for two different exit pressures, 20 bar (290 psi) 
and 12 bar (174 psi). Notable is that both cases results in regions of condensation. The pattern of 
the simulation results presented in Figures 4 through 7 are closest to the exit pressure of 12 bar 
shown in Figure 8b. Though this should be caveated with the understanding that this is a 
preliminary simulation and that additional investigation is needed to improve accuracy for the 
reasons noted previously. For instance, the region beyond the pipe exit uses a stretched mesh in 
which cell sizes become increasing larger further away from the exit. It was necessary to use a 
relatively coarse mesh in this region in order to reduce computational run ti.me to meet the 
project's timeline. Since the flow may not be sufficiently resolved past the initial shock wave, 
potential subsequent shocks forming the diamond pattern may not be captured. Also, due to the 
under resolution, the turbulence viscosity was artificially high which resulted in enhanced 
mixing. It is anticipated more detailed structure similar to reference [12] would be captured as 
the mesh is refined possibly showing additional regions of condensation. 
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(b) 
Figure 8: Simulation results of underexpanded methane jet for exit pressure of' (a) 20 bar 
and, (b) 12 bar. Figure taken from Banholzer, M, et al., "Numerical investigation of the 
flow characteristics of underexpanded methane jets", Phys. Fluids, 2019 [12). 

The results from the present simulation and from reference [12] indicate that the vapor cloud 
would be a dense gas initially and not be immediately buoyant. Furthermore, the NRC analysis 
provides add itional supporting evidence to the above that the issuing gas would be heavier than 
air. The NRC analysis uses a flow rate of 256,000 lbs/min (1939 kg/s) and a methane density 
issuing from tbe pipe exit of 0.67 kg/m3 which is Jess dense than air. Given tbe area of the pipe 
(0.89 m2), the resulting exit velocity would be 3,961 mis for this assumed density which would 
not be choked flow. To satisfy choked flow with an exit velocity of about 375 mis, the density 
would have to be around 6 kg/m3. 

This has significant consequences for explosion hazards since dense gas vapor clouds in stable 
atmospheric conditions can travel significant distances [13] and will persist much longer than 1 
minute. Additionally, the dense vapor cloud would travel through the sw-rounding vegetation and 
other infrastructure to provide an environment for a detlagrntio n to detonation trans ition (DDT). 
Particularly since the natural gas is not 100% methane but can have up to 5% of other 
hydrocarbons such as ethane and propane. Small additions of these hydrocarbons can increase 
the sensitively of the gas to detonation [ l 3]. 

Thus, it is recommended that the TNT equivalency model not be used but rather use a model that 
can include the effects of congestion such as the TNO multi-energy method [3]. And, if using 
ALOHA for explosion hazard assessment it is recommend that the 'congested' option be used. 
For a 256,000 lbs/min released from one end of the pipe for e ither 1 minute or 10 minutes using 
ALOHA with the congestion option, distances to l psi overpressure of l.8 miles and 5 miles are 
predicted, respectively. As noted previously, ALOHA calculates overpressure distances using 
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the Baker-Strehlow method which incorporates factors for obstacles but isn't considered as 
accurate as the TNO multi-energy method. 

b. Dispersion simulation 

The simulation of the vapor cloud dispersion assumes that the safety valves could be shut in 12 
minutes, doubling the time provided in the report by the Office of Inspector Genera l of the NRC [ 14] 
from an interview with the E nbridge- Energy Corporation, owners of Algonquin, which stated that it 
would take a minimum of 6 minutes to shut the isolation valves. For this preliminary simulation, the 
same flow rate as used by the NRC analysis of 256,000 lbs/min (1939 kg/s) was assumed for a double­
sided full-bore release. This is because the re lease rate depends on the pipe leng th and the simulation 
of the pipe used a length of 100 m rather than a length of 3 miles due to computational run time. For 
any future investigation, flow rate as a function of pipe length should be evaluated. Based on the 
findings from the pipe s imulation, the density of the gas is specified as l.5 kg/m3 by evaluating regions 
beyond the shock wave. Thus, the gas w ill be heavier than air and wi ll persist and spread much fu rther 
than if the cloud was lighter than air. Since the CPD code,. FDS, used to model the vapor dispersion is 
designed for low Mach number flows, that is, Mach numbers up to about 0.3 a release velocity of 50 
mis is used which is about Mach 0. 15, well be low the limits of FDS. To use this velocity and match 
the mass release rate of (1939 kg/s), the area of the release had to be increased relative to the pipe 
diameter, that is, from 1.1 m to 6.6 m. Thus, the details of the dispersion will not be representative of 
the actual pipe near the release but will be representative of the vapor cloud in the far field providing 
an estimate of the extent of dispersal. The specifications used in the simulation is provided in Table 3. 

Table 3: Specifications for dispersion simulation 
Specification Value 

Duration of release 12 m inutes 
Diameter of release 6.6 m 

Mass release rate 1939 kg/s (256,000 lbs/min) from two 
horizontal full-bore releases directed 

towards each other placed 15 m (50 ft) apa11 
Fluids methane, air 

Density of methane 1.5 kg/m3 

Atmospheric conditions Stable (Monin-Obhukov relations), wind 
speed 1.5 m/s, 

temperature 293 K 
Number of elements SOM 

Element size 0.2 111 

Number of processors 168 

The computational run time was much longer than typical dispersion simulations because of the 
relatively high re lease velocity (50 m/s vs. - 1 mis). Typically. dispersion simulations will take about 
1-2 days to complete depending on the number of e lements required. For this dispersion simulation it 
took about a day to complete 200 seconds of real time. W ith an ending time of 1800 seconds, it would 
take about 9 days to complete. The simulation was termioated unexpectedly from tbe b.igh­
perforrnance compute c luster, possibly due to rugh demand, at almost 500 seconds ofreal time and 
was not restarted in order to meet the project's timeline. At almost 500 seconds the vapor cloud 
reached the lower tlammabil ity limit (LFL - 5% vol.) at a distance of about 950 m (3, I 00 ft) from the 
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release point. Since the release doesn' t terminate until 720 seconds (12 minutes), it is anticipated that 
the distance would increase if the simulation was continued. Also, even after the release is terminated, 
tbe cloud will dri_ft downwind and take several minutes to diss ipate resulting in greater d istances to the 
LFL. Given the above, it is anticipated that the distance would extend beyond 1,600 m (5,248 ft) since 
the cloud is propagating in tbe downwind direction at a speed of about JOO m/min. Figure 9 shows a 
temporal sequence of the development of the vapor cloud from 1-8 minutes by plotting contours of 
methane volume fractions. Figure 10 provides methane volume fraction iso-contours of the upper 
flammability limit (UFL- 15% vol.) and LFL at about 8 minutes showing the distances in meters. 
Note that tl1e cloud in the lateral extent is propagating beyond the computational domain indicating 
that for any future investigation the domain should be increased in the lateral extent. 

Figure 9: Sequence of top-view images of contour plots showing methane volume fraction 
from 1 to 8 minutes after release. Distances are in meters. 
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Figure 10: Top view, methane volume fraction iso-contours of lower tlammability limit and 
1/2 lower flammability at about 8 minutes. Distances are in meters. 

Figure 11 shows a centerline side view of the vapor cloud at 8 minutes indicating that it has not risen 
like a buoyant cloud but rather displays dense gas behavior by keeping relatively close to the ground. 
The highest point of the vapor cloud is near the source with a height of about 50 m then decreases to 
about 20 m for downwind distances. Note that the vertical extent of the domain is 100 m. This dense 
gas behav ior has implications with regards to explosion hazards since the vapor cloud would travel 
through vegetation and persist for a sufficient amount of time to result in potential ignition which can 
lead to a deflagration to detonation transition due to tbe congestion or have overpressures that exceed 
l psi from a deflagration explosion. The vapor cloud region between the flammability limits is roughly 
113rd the c loud volume and if the cloud encounters an ignition source in congested areas , significant 
overpressures can result. The furthest point downwind distance within the flammabiLity region is about 
950 m (3, 100 ft) at 8 minutes which is greater than any distance from the pipeline route to the SOCA 
(Security Owner Control Area) which varies from about 1580 ft to 2363 ft. The results from thjs 
simulation indicate that for this release scenario explosion overpressures of greater than l psi at the 
SOCA wouJd most probably occur given the surrounding congestion_ 

Figure 11: Centerline side view of vapor cloud showing contours of methane volume 
fraction at 8 minutes. 

6PfllCIA:L tJSR 6P4L7l 

14 

•·· 



4. Summary of review 

6FPICIAL tJSE 6N1L1l 
DRAFT 

The fo llowing are the key findings from this review: 

l. Evaluation of models used : 
• Correct heat of detonation value was used; 
• ALOHA does not model supercritical flow and topography which is applicable to this release 

scenario. 
• TNT equivalency model is inadequate for the release scenario. 

2. The major assumptions of the NRC analysis that results in an u11derpredic tion of distances to an 
overpressw-e of l psi are: 
• The cloud will become immediately buoyant and disperse below the flammability limits within 

l minute regardless of when the pipeline can be c losed. Thus, only the mass re leased over 1 
minute is considered in the TNT equivalency calculations. 

• The cloud will not propagate tlu-ough vegetation and congested areas since its density will be 
less than air. 

3. The major findings from the preliminary SNL analysis are: 
• The vapor cloud will be heavier than air which will cause it to disperse near the ground and 

will persist after the pipe has been closed. 
• The dense-gas vapor cloud will propagate through the vegetation and congested areas which 

increases the likelihood of a deflagration to detona tion transition. 
• The flammability region of the cloud will extend beyond any d istance from the p ipeline route 

to the SOCA (Security Owner Control Area) indicating a high likelihood of exceeding an 
overpressure of 1 psi at the SOCA. 

It is highly stressed that the simulations are considered preliminary because a simulation study 
involves validation, evaluation of parameter sensitivity, and evaluation of grid independence to 
evaluate the level of uncertainty in predictions. Also, the accuracy of the real-gas equation as not 
been evaluated for the pipe simulation and the actual topography of the site is not included in the 
dispersion simulation. 
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Appendix A: NUREG/CR-3330 Calculation 

Phone: (505) 844·3282 
Email: jamohma@sandia.gov 

NUREG/CR-3330 provides an example calculation of a fire accident scenario for a higb-pressure 
natural gas pipeline. In the sample calculation a discharge from a 36-inch pipeline operating at 
1000 psig r A. I 1. From 3- l the average flow rate of 1700 kg/s from the range of l 400-2J 00 kg/s 
was applied to the calculation. 

Using the equations provided in the NUREG the results can be replicated and applied to the AlM 
pipeline situation. There are three main steps in calculating the incident heat flux applied to the 
reinforced concrete safety related structures. 

Step 1: Calculate the radiated power (PR), using Equation 3. 1 
Step 2 : Calculate the radius and diameter of the spherical flame 
Step 3: Calculate the incident radiation at various distances using Equations 4.1 and 4.21 
Note l: For Transmissivity in Step 3, the 20% Relative Humidity Curve on Figure 3-2 was used 

Applying this methodology to the AIM p ipeline the same variable assumptions were made, 
except for the mass flow rate of the 42-inch pipeline operating at 850 psig. According to the 
NRC's Review and Confirmatory Analysis the mass flow rate for the pipeline is 1935 kg/s [A.2]. 
The value was rounded to 1940 kg/s for the sake of this calculation and is referred to as the 
Nominal Case. 

According to Table 3-1 of the NUREG a pipeline of 42-inch diameter would have a mass flow 
rate between 2000-3200 kg/s. To illustrate the impact of a p ipel ine of larger mass flow rate on 
incident heat flux a value of 4000 kg/s was used to calculate the last set of values this referred to 
as the Bounding Case. 

Below in Table A-1 the results of inc ident heat flux on reinforced safety related concreate 
structure are shown for distances of 482, 500, 700, 1000, and 1500 meters. The Security Owner 
Conb·ol Area (SOCA) fence is 482 meters away. Within the SOCA are all the safety related 
structw·es. The Emergency Diesel Generators (EDGs) are roughly 700 meters from the p ipeline. 
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Table A-1: Incident Radiation at Various Distances and Mass Flow Rates 
Mass 

Radiated Fire Incident 
Case 

Distance Flow 
Power Diameter Transmissi\'ity Radiation 

(m l Rate 
(k!Vs) 

{k W) (m) (kW/m"2) 

482 NIA NIA NIA N/A NIA 
700 N/A NIA NIA N/A NIA 

Sample 500 0.7 19.6 

LOOO 1700 4.09E+07 295 0.63 4.6 

1500 0.57 2.0 

482 0.7 23.6 
500 0.7 22.1 

Nominal 700 1940 4.57E+07 312 0.65 9.6 

1000 0.63 5.3 

1500 0.57 2.2 

482 0.7 44.1 

500 0.7 41.5 
Bounding 700 4000 9.61E+07 452 0.65 18.9 

1000 0.63 10.7 

1500 0.57 4.4 

Using the bounding mass flow rate of 4000 kg/s the incident heat flux on safety related structures 
if located at 482 meters would be 44 kW/m2. Note that the same parameter assumptions were 
made as were made in the sample calculation; combustion efficiency, fraction of excess 
entrained air, and flame temperature may affect the results . 

NUREG/CR-3330 states in Table 2-1 that the reinforced safety related structure would last 5 
hours with an incident beat flux of 50 kW /m2 applied. This is based on the criterion 1 which is 
'Temperature at the fast rebar location does not exceed l 77°C (350°F)' . Since the first rebar 
location does not exceed this temperature, the interior temperature does not exceed this value 
either. 
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From: 
To: 
Cc: 
Subject: 
Date: 

Sanborn. Scott Edward 
Dennis. Suzanne: Luketa. Aoay 
Mohmand Jamal Ahmed: Lafleur Chns 
[Extemal_Sender] RE: [EXTERNAL] FYI: Indian Point report public 
Wednesday, April 15, 2020 11:49:45 AM 

Hi Suzanne, 

Thank you very much for sending out these links - I've been checking ADAMS almost every day to see 

what wou ld come out of this work. A lot of effort went into this in a very short period of time and 

the Team Report reflects all this hard work. Also, I appreciate your flexibi lity to honor our requests to 

clearly communication our contributions to the Team Report and I think this has turned out well. 

Regard ing follow-up actions, we have spent nearly all of our funds completing the memo and 

reviewing the Team Report. We would need additional funding to perform more work. If you have 

an idea of what kind of support you need at t his point, please let Anay and myself know and we can 

estimate the cost. We have the Task Order POP extension in place so get ting additional funding 

placed on the Task Order is qu ick but not immediate. 

Thanks, 

Scott 

From: Dennis, Suzanne <Suzanne.Dennis@nrc.gov> 

Sent: Wednesday, April 15, 2020 9:04 AM 

To: Sanborn, Scott Edward <sesanbo@sandia.gov>; Luketa, Anay <aluketa@sandia.gov>; Mohmand, 

Jamal Ahmed <jamohma@sandia.gov>; LaFleur, Chris <aclafle@sandia.gov> 

Subject: [EXTERNAL] FYI: Indian Point report public 

Good morning, 

Thanks again for all of your help. The evaluation team's report, as well as the transmitt al memo 

to the NRC Commission are now publ icly available. The two external transcripts below should 

be repl icated momentarily. There are two styles oflink s to our public documents and one 

sometimes works before the other-both are included below to be safe. 

EDO Transmittal Memo to Commission: 

• bttps: //www.nrc.gov/docs /M L2009 /M L20099F775.pd f 

• https· //adamswebsearch2.nrc.goy/webSearch2 /majn. jsp7 

J\ccessjonNumber-ML20099F775 

Team Report: 

• 

• 

https://www.nrc.gov/docs /ML2010/MLZO 100F63 5.pdf 

bttps://adamswebsearch2.nrc.gov/webSearch2/main,jsp? 



AccessionNumber=ML20100F635 

Interview Transcripts: 

• Rick Kuprewicz: 

o https ://www.nrc.gov/docs/ML2008/ML20087M164.pdf 

o bttps: //adamswebsearch2.nrc.gov/webSearch2 /main.jsp? 
AccessionNumber=ML20087M164 

• Paul Blanch: 

o https://www.nrc.gov/docs/ML2008/ML20087M178.pdf 

o htt;ps: //adamswebsearch2.nrc.gov/webSearch2 /main.jsp? 

Accession Number=M L20087M 178 

We will continue to coordinate with you, as needed, on our follow-up actions. 

Suzanne 



From: 
To: 
Cc: 
Subject: 
Date: 

Sanborn. Scott Edward 
Dennis. Suzanne 
Mohmand. Jamal Ahmed: Luketa Anay: LaReur. Chris 
[Extemal_Sender] RE: RE: RE: [EXTERNAL] FOR REVIEW: draft team report (by 4/1?) 
Thursday. April 02, 2020 11:31:46 AM 

Thank you Suzanne. 

From: Dennis, Suzanne <Suzanne.Dennis@nrc.gov> 

Sent: Thursday, April 2, 2020 9:10 AM 

To: Sanborn, Scott Edward <sesanbo@sandla.gov> 

Subject: RE: RE: RE: [EXTERNAL] FOR REVIEW: draft team report {by 4/1?) 

Hey Scott, 

Just FYI -we removed all names from the front page and separated out the external bias with details 

on your contribution (i.e., Appendix Band insights on fire risk and pipelines). 

Suzanne 

From: Sanborn, Scott Edward <sesanoo@sandia.gov> 

Sent: Wednesday, April 01, 2020 5:23 PM 

To: Dennis, Suzanne <Suzanne.Dennis@nrc.gov> 
Subject: [External_Sender] RE: RE: [EXTERNAL] FOR REVIEW: draft team report (by 4/1 ?) 

Hi Suzanne, 

After checking with the team we do need our names removed from the front page of the document. 

The other changes look good. 

I\IJ)(t) I Please call me ,__ ___ ___, f you have concerns or would like to discuss more. 

Thanks, 

Scott 

From: Dennis, Suzanne <Suzanne.De11nis@nrc.gov> 

Sent: Wednesday, April 1, 2020 1:33 PM 

To: Sanborn, Scott Edward <sesanbo@sandja.gov> 

Subject: RE: RE: [EXTERNAL] FOR REVIEW: draft team report (by 4/17} 

Hi Scott, 

Here's what we have right now: 

N RC Participants: 



• David Skeen, Office of International Programs (Team Lead) 

• Theresa Clark, Office of Nuclear Material Safety and Safeguards (Deputy Team Lead) 

• Dr. Yueh-Li (Renee) Li, Office of Nuclear Reactor Regu lation 

• Suzanne Dennis, Office of Nuclear Regu latory Research 

• Brian Harris, Esq., Office of the General Counsel 

External Support: 

• Steve Nanney, U.S. Department ofTransportation Pipeline and Hazardous Materials Safety 

Administration 

• Dr. Chris LaFleur, Sandia Nationa l Laboratories 

• Dr. Anay Luketa, Sandia National Laboratories 

• Jamal Mahmand, Sandia National Laboratories 

And then later in Section 1.3: 

The NRC publicly released t he team's evaluation plan on March 9, 2020, including team 

membership.ill The team was led by David Skeen (Deputy Director, Office of International Programs) 

and Theresa Clark (Deputy Director; Division of Rulemaking, Environmenta l, and Financial Support; 

Office of Nuclear Material Safety and Safeguards). NRC members were independent of prior reviews 

in this area. The team included experts in NRC engineering reviews and risk ana lysis. The team also 

obtained insights from external experts independent of t he NRCs prior activities on this subject. A 

pipeline safety analysis expert from the Department of Transportation's Pipeline and Hazardous 

Materials Safety Administration (PHMSA) independently reviewed the NRC and Entergy safety 

ana lyses. tn addition, the NRC contracted for experienced researchers al Sandia National 

Laboratories (SNL) to provide expertise on natural gas modeling and fire risk; the results of SN L's 

efforts are presented in Appendix B. Biographies of the contribu:ors, both NRC staff and those who 

provided externa l support, are included in Appendix F to this report. 

From: Sanborn, Scott Edward <sesanoo@sand1a.gov> 

Sent: Wednesday, April 01, 2020 11:29 AM 

To: Dennis, Suzanne <Suzanne.Dennis@nrc.gov> 

Cc: Luketa, Anay <aluketa@sandja.gov>; Mohmand, Jamal Ahmed <iamohma@sandja.gov>; La Fleur, 

Chris <aclafle@sandia gov> 

Subject: [Externa l_Sender] RE : [EXTE~NAL] FOR REVIEW: draft team report (by 4/1 ?) 

Hi Suzanne, 

The way this report is written it makes it seem like Sandia contributed to the entire report. It needs 

to be more clear that Sandia only contributed to the Appendix. To protect our technical integri ty I'm 



requesting the following changes: 

• Please remove our names from t he Principal Contributors page; 

• Please modify this sent ence in section 1.3 with the addit ion in red "In addition, the NIK 

contracted for experienced researchers at Sandia National Laboratories to provide expertise 

on 11atural gas modeling and fire risk; t heir work is documented in Appendix B. 

• Please remove our bios from t1e bio sect ion, we can put those into our appendix. 

The report needs to be clear that we did not contribute to the entire report, because we did not. 

Anay and Jamal will have specific review comments. 

Thanks, 

Scott 

From: Dennis, Suzanne <Suzanne Dennjs@nrc.gov> 
Sent: Tuesday, March 31, 2020 2:20 PM 

To: Luketa, Anay <aluketa@sandja gov>; Mohmand, Jamal Ahmed <1amohma@sandja gov>; La Fleur, 

Chris <aclafle@sandia gov>; Sanborn, Scott Edward <sesanbo@sandia.gov> 
Subject: [EXTERNAL] FOR REVIEW: draft team report (by 4/1 ?) 

Hi SN L team, 

As promised, attached is a working draft of the team's report. There are a few areas 

outstanding (including a couple things you are working on) as noted in comments in the 

margin. We will be finalizing later this week, we hope. 

Could you please review and give us any comments/edits as soon as you can? We would like 
them by the end of the day on April 1 or mid-day on April 2, if at all possible. We can discuss on 
the phone any time you like. 

The report is quite long, so if your time is short I would recommend a detailed review of 
Section 2 where pipeline experience is heavily referenced, and a less detailed review in other 
areas where N RC processes are the focus. 

Thanks again for all of your continuing help. You have been a tremendous support to us. 

Suzanne 



Note: ML20069A759 is publicly available 
Lil Dated March 9, 2020; ADAMS Accession No. ML20069A759 in ADAMS. 



From: 
To: 
Cc: 
Subject: 
Date: 
Attachments: 

Hi Suzanne, 

Sanborn. Scott Edward 
Dennis. Suzanne 
Luketa Anav: Mohmand Jamal Ahmed 
[Extemal_Sender) RE: RE: [EXTERNAL] RE: SNL memo 
Thursday. April 02, 2020 9:45:49 AM 

NRC reylew memo final • SAND2020·3822 O.docx 
NRC review memo Final · SAND2020·3822 o pdf 

Attached is the memo with the SAND number in Word and pdf format. 

Thanks, 

Scott 

From: Sanborn, Scott Edward 

Sent: Wednesday, April 1, 2020 9:36 AM 

To: Dennis, Suzanne <Suzanne.Dennis@nrc.gov> 

Subject: RE: RE: [EXTERNAL] IRE: SNL memo 

Hi Suzanne, 

No problem with the conversion but I need to get the SAND number assigned thrnugh Sandia's R&A 

process (it ' in the queue now). I can send you the pdf at that point. 

Thanks, 

Scott 

From: Dennis, Suzanne <Suzanne.Denn1s@nrc.gov> 

Sent: Wednesday, April 1, 2020 9:27 AM 

To: Sanborn, Scott Edward <sesanbo1@sandia.gov> 
Subject: RE: RE: [EXTERNAL] IRE: SNL memo 

Hi Scott, 

I'm going to convert this to a PDF to make it easier to merge into our report ... just wanted to make 

sure there wouldn't be any issues with that. 

Suzanne 

From: Sanborn, Scott Edward <sesanoo@sand1a gov> 
Sent: Wednesday, April 01, 2020 10:15 AM 

To: Dennis, Suzanne <Suzanne.Dennis@nrc gov> 

Cc: Luketa, Anay <aluketa@sandja gov>; Mohmand, Jamal Ahmed <jamohma@sandja gov> 
Subject: [External_Sender) RE: [EXTE~NAL] RE: SNL memo 



Suzanne, 

Thanks. Attached is the version, with the editorial changes made based on NRC's 

comment:;/feedback, in our R&A system to get a SAND number. If you have any more 

comment:;/feedback please let us know as soon as possible. 

Thanks, 

Scott 

From: Dennis, Suzanne <Suzanne Dennls@nrc ~ov> 
Sent: Wednesday, April 1, 2020 7:32 AM 

To: Sanborn, Scott Edward <sesaobor@saodia goy> 
Subject: [EXTERNAL] RE: SNL memo 

That sounds good! 

From: Sanborn, Scott Edward <sesanoo@sand1a.gov> 
Se nt: Wednesday, April 01, 2020 9:31 AM 

To: Dennis, Suzanne <Suzanne Dennjs@nrc gov> 
Subject: [External_Sender] SNL memo 

Hi Suzanne, 

Do you see any reason why the SNL memo should remain OUO? Jamal has made tbat cbange 
w.r.t. d.istance to be 1'Buildi.ngs that house Emergency Diesel Generators (EDGs) are 
approximately 700 meters from the pipeline". At present we are ready to mark the revised 
version to be unlimited release. 

Thanks, 

Scott 



Anav Luk,..ta 
P,inc-ip.11 Ml!mb..r of Tcrhnica! Staff 

March 31, 2020 

To: Suzanne Dennis 
U.S. Nuclear Regulatory Conuniss ion 

SAND2020-3822 0 

Sandia National Laboratories 
Operate d for the United 5 tales Dapartment of Energy 
by Na tional Tcchm•k•gy and Eni;i,c,•rini; 
Sulution, of Sandi.1, LLC. 

r .o. Box 5~00 
Albuque,quo, NM 87185-01()1 

Phone: (505) 284-8280 
r.,,_, (505) 21l4-892n 
Ema il: a luketa@sandia .gov 

Subject: Review of NRC confirmatory analysis regardi11g fire amt explosion for Algonq11i11 
gas tra11.smissio11 line at J11dia11 Point nuclear power plant 

The following provides a review of dispersion and explosion hazard analysis conducted by staff at 
tbe U.S. Nuclear Regulatory Commission (NRC) [J] regarding a 42" diameter natural gas pipeline 
next to the nuclear power plant, Tndian Point Energy Center (TPEC) near Buchanan, New York. 

This review includes: 

• Evaluation of whether tbe models specified in the US NRC regulatory guide 1.91 [2] were 
used appropriately. 

• Verification of the results using the models used in the analysis. 
• Preliminary vapor cloud dispers ion simulation using Computation Fluid Dynamics (CFD). 
• Summary of review. 

The fo llowing provides further description of each of these items as well as results and discussion 
thereof. Note that the request by NRC was urgent and required that Sandia provided the review 
within three weeks. Because of the limited time avai lable the independent analysis performed by 
Sandia is considered preliminary for reasons discussed in section 3. 

Additionally, appendix A provides a calculation of incident heat flux seen at IPEC safety related 
rei1Jforced concrete structures. The calculation is based on NUREG/CR-3330 which provides an 
analysis on the amount of time nuclear safety related concrete structures can withstand various 
incident heat fluxes [A.J] . 

Sandia National Laboratories is a mnltimission laboratory managed and operated by National 
T'echnolog:> and Engineering Solutions of Sandia, LLC, a wholly owned subsidiary of Honeywell 
International Inc., for the U.S. Department of Energy's National Nuclear Security Administration 
u.nder contract DE-NA0003525. 1 



1. Evaluation of the appropriate use of models: 

a. Model Description 

As specified in the US NRC regulatory guidelines 1.91, th.e NRC analysis uses the recommended 
ideal blast wave TNT equivalency method to determine the blast overpressure from a vapor cloud 
explosion. This method is described in a guide line document by Factory Mutual (FM) [3] cited in 
tbe NRC regulatory guidelines 1.91. The Factory Mutual document provides yield factors (or 
efficiency numbers) and heat of combustion va lues requised as inputs into the model and 
discussion regarding the appropriate use and limitations of the model. 

The equations used in the model are the following. 

0 
WrNr=----­

Hdato11ation TN'/' 

R - z w 1/3 min - * TNT 

where 

E = blast wave energy 
a = yield or efficiency number 
L'1Hc = theoretical net heat of combustion 
tnf = mass of vapor released 
Hc1c1om,lion TNT = heat of detonation of TNT 

( 1) 

(2) 

(3) 

Rmin= distance from explosion where peak positive overpressure equals l.0psi (6.9 kPa) 
Z = scaled distance (45 ft/ lb113or 18 m/kg113) 

Wrr-rr = TNT equivalent mass 

b. Model inputs 

Mass of vapor released 
TI1e NRC analysis considered the release from one side of the rupture and uses ALOHA to 
determine the mass of the vapor cloud. The scenario evaluated is of a full-bore above-ground 
release. Such a scenario was rea lized in the natural gas pipeline accident in Carlsbad, New Mexico 
as described in the National Transportation Safety Board report [4] in which a 49-ft section of 
corroded pipe was blown off through the soil leaving a large crater. 

The pipeline is assumed to have manual c losure of the isolation va lves within 3 minutes where the 
distance between isolation valves is 3 miles. Thus, for a release from one pipe end rather that two, 
both isolation valves would have to be closed and lhe release would occur at one end of the 3-mile 
section or next to one of the isolation valves. Based on th is distance, the pipe length was entered 
as 3 miles in ALOHA and the dosed option selected which means the pipe is closed off at one 
end. ALOHA uses equations for choked flow asSttming an ideal gas in which the flow rate 
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decreases over time due to the pressure drop and closed end of the pipe. The analysis considers a 
release over I minute using the maximum sustained average flow rate. An explosion calculation 
was also performed by NRC using ALOHA wbich calculates overpressure distances using the 
Baker-Strehlow-Tang method which incorporates genera I factors for obstacles that are not site 
specific. 

The NRC guidelines J .91 cite reference [5] for methods of est imating the mass of the vapor cloud. 
The refereoce provides a range of possible models to use ·from integral to CFO-based models and 
ALOHA is among those listed which is considered an integral-based model. ALOHA is not 
capable of modeling topography and geometry tbat reflects congestion at a particular site. It also 
does not have models for supercritical releases which will be discussed in section 3. The NRC 
guidelines does state: 

"For releases of vapor clouds at o,[fsite location or pipelines, plume modeling based on 
site topography and meteorological conditions should be evaluated. The atmospheric 
transport of released vapor clouds should be calculated using dispersion or diffusion 
models that permit temporal as well as spatial variations" 

Since ALOHA cannot model topography and temporal variations, it is not appropriate for use if 
the above guideline is to be fo llowed. It also does not model supercritical fluids which require 
models for real gases since it assumes the ideal gas law. 

Yield factor 
The parameter, a., in equation l is the yield factor or efficiency number which indicates the fraction 
of availab le combustion energy participating in blast wave generation. 

As stated in the FM guideline document, 

"Jt cannot be overemphasized that assigning of an explosion efficiency number to a 
pOlential gas release incident is, with current technology, and entirely arbitrat:v exercise " 

This is a key point because as discussed in the FM guideline a release in a congested area such as 
dense vegetation, vehicles, and buildings can result in significantly higher overpressures. The 
congestion will result in a range of yield values which is not accounted for by the TNT equivalency 
method. It is also noted that the method represents the explosion as a point source which is not 
representative of the pressure signature of vapor cloud explosions which tend to have greater 
pressures in tbe far field aDd of longer duration than predicted 6:0111 the model. Due to tbe point­
source representation of the model, overpressures are overpredicted in the near field and 
underpredicted in the far field and are of shorter duration than vapor cloud explosions [3]. Lower 
overpressures of longer duration have the potential to be more damaging to structures than higher 
overpressures of short duration. It is further noted in the FM guideline that the metbod despite its 
drawbacks is often used to provide an approxin1ate evaluation and that when very specific design 
basis building siting is required the method is inappropriate. 
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Related to the discussion provided in the FM guideline is the following statement provided in the 
NR.C guideline 1.91: 

"A detailed analysis of possible accident scenarios for particular sites, including 
consideration of the actual amount ofpotentially explosive material. potential release, site 
topography, and prevailing meteorological co11ditions. should be used tojust(/j1 a valuejor 
the yield. However, for establishing safe standoff distances independent of site conditions. 
the use of a conservative estimate.for the yield is prudent" 

Tbe NRC guidelines 1.91 refers to tbe FM guideli11e for recommendations regardi11g the yield 
factor. The FM guideline recommends a yield factor of0.05 for a Class I material such as natural 
gas based upon historical evidence which has indicated yields of 0.01 to 0.05 for typical 
hydrocarbons, though yields as high as 50% have been recorded and even veJy low estimated 
yields (~0.001) have caused extensive damage f3l. Thus, it's difficult to determine what value is 
considered conservative. 

The NRC analysis used the recommended yield factor of 0.05 but did not account for site-specific 
conditions such as congestion and smrnunding topography. A key question is whether the site 
surrounding lhe pipeline can resull in much higher yields than 0.05 given the congestion as shown 
in Figure I. The pipeline shown in Figme I is between IPEC and Buchanan or approximately 1600 
ft from TPEC. It is evident tbat the sutTotrnding area is highly congested with vegetation, structures, 
and vehicles indicating that more detailed analysis would be warranted based on recommendations 
in both guidelines. TJ1e FM guidelines recommends the TNO Multi-Energy Model for congested 
sites and is discussed in that document. The main assumption of the NRC analysis is that tbe since 
the vapor cloud is buoyant wi ll rise and rapidly disperse above the surrounding vegetation and 
strnctures. This validity of the assumption will be discussed in section 3. 
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Figure 1: Indian Point Energy Center and Buchanan, NY. 
Heat of' Combustion 
The NRC guidelines 1.91 refers to either NUREG-1 805 [6] or the FM guidelines for the heat of 
combustion, though the FM guidelines does not specify the value for methane or natural gas. In 
ref. [6] the beat of combustion for liquefied natural gas composed mostly of methane is provided 
as 50,000 kJ/kg. The NRC analysis used a value of 50,030 kJ/kg for methane. This results in a 
higher blast wave energy, though of an insignificant amount (0.06%) compared to using a value 
of 50,000 kJ/kg. 

Heat o/'Detonation 
In equation (2) the denominator, that is the heat of detonation, is given as 4420 kJ/kg ( 1900 
BTU/lbm) in the NRC guidelines 1.9 1 where reference [7] is cited as the source for the value. The 
reference [7] source provides a value of 4500 kJ/kg (1935 BTU/lbm) rather than 4420 kJ/kg. To 
check the validity of these values, a resource by a recognized expert in the field of explosives [8] 
was used. Reference [8] states that the heat of detonation can be determined using three 
approaches, two theoretical approaches and experimentally. From a theoretical approach using the 
thermodynamic work function the value is 4853 kJ/kg and that using the hydrodynamics work 
function the value is 4519 kJ/kg. Experiment has indicated a value of 4686 kJ/kg. Thus, among 
these values the most conservative is 4519 kJ/kg which is above 4500 kJ/kg indicating that 4500 
kJ/kg is a reasonable value to use. It is uncertain as to where the value 4420 kJ/kg was obtained in 
the NRC guidelines. 

Duration o(release 
The amount of mass of vapor used in equation l is determined by the duration of the release. Based 
upon discussion via teleconference with the author of the NRC analysis, a key assumption of the 
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NRC analysis is that the vapor cloud will be buoyant and disperse within the fast minute and thus 
only considered the mass released over l minute. The full release dw-atio11 is never considered 
whether the release is 3 minutes or 60 minutes thereby making the time at which the isolation 
valves are closed irrelevant. There is no evidence or justification presented for this assumption. 
Note that it is recommended in the FM guideline document that for a pipeline release it should be 
assumed that the pipeline is completely severed, and the duration of discharge should be I 0 
minutes flowing from both ends of the severed pipe even if automatic or manual block valves are 
present. An exception to this recommendation is not made for methane in the FM guideline. 

2. Verification of the results 

a. Explosion 

TI1e results of the explosion calculations by the NRC analysis and verification by Sandia National 
Laboratories (SN L) are provided in Table 1. Note that the pipeline pressure is 850 psig and in 
ALOHA the absolute pressure should be entered which would be 864 psia. Based on this 
verification, the NRC analysis appeared to have used 850 psia which does provide a flow rate of 
256,000 lbs/in. If 864 psia is used, the average flow rate would increase to 261,000 lbs/min and 
the resulting distance to an overpressure of 1 psi is 2365 ft which is not a significant different than 
the distance of 235 l ft obtained from the NRC analysis. Nole that in Table I the distance verified 
by Sandia is using a pressure of 850 psia to determiJJe if tbe N"RC results could be reproduced. 

The NRC analysis used the maximum average flow rate obtained from ALOHA from a closed­
end 3-mile pipeline, considering a release for I minute before the cloud is ignited. The NRC 
analysis used both the TNT equivalency method and ALOHA to calculate the blast overpressure 
distance to I. psi. The delay time that was used for the ALOHA calculation for the 1-minute release 
was not specified in the NRC analys is. SNL could only reproduce the results approximately if a 
delay time of 8 minutes is specified providing a distance of 3057 ft. If the delay time is not 
specified, but is chosen by ALOHA the distance is much greater, providing 9504 ft. The distance 
calculated by NRC using ALOHA for this case was discounted as mentioned in tl1e report that 
vapor dispersion in a congested area is not credible because the methane cloud is buoyant and will 
quickly rise and disperse rapid ly. 

The NRC analysis also considered a 60-minute release using ALOHA to calculate the maximum 
average sustained flow rate of 311 ,000 lbs/min. The mass released over the first minute was 
considered and not the total mass released over 60 minutes. Tbe NRC analysis assumes that since 
the cloud will be buoyant it will disperse within 1 minute and thus an explosion will occur dm·ing 
the fast minute independent of release duration and thus uses a mass of 3 I 1,000 lbs for the TNT 
equivalency calculation. If the cloud is not immediately buoyant, then for a 60-minute release 
using the total mass calculated by ALOHA the result in 8872 it or 1. 7 miles. The assumption of 
whether the vapor cloud is inm1ediately buoyant or if it behaves as a dense gas which will great ly 
extend the time before the cloud is diluted below the lower flammability limit is discussed in 
section 3a. 
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a e : esu so T bl 1 R It f exp 0s100 ca cu a 100 or I • I f t NRC l . dSNL ana 1ys1s an ven ,ca 100 
Scenario Pipe distance Mass rdeased Distance to RcsuJts of 

I psi blast verification by 
overpressure SNL using same 

methods 
Explosion from 3 miles 256,000 lbs for I minute using 235 1 ft (TNT) 2349 ft (TNT) 
one side of full- (distance ' closed' end of pipe option in 3054 ft 9504 11 
bore rupture between ALOHA (i\LOI IA. with (ALOHA, with 
release isolation valves) congestion) congestion) 
Explosion from 3 mi les Rcleast: over 60 minutes using 2509 fl (TNT - 2507 fl (TNT 
one side of full- (distance 'in finite source· option 1n mass released for mass released for 
bore rupttu-c between ALOIJA. first minul.:) first rninute) 
release isolation valves) • 31 1,000 lbs/min maximum 8872 ft {TNT -

average sustained flow rate total mass 

• Total atnounl released released) 
13,785,499 lbs 

3. Computational fluid dynamics simulations 

A preliminary simulat ion was performed to determine the extent of the vapor cloud using two 
Computation Fluid Dynamics (CFD) codes, namely ANSYS Fluent for supercritica l pipe flow and 
Fire Dynamics Simulator (FDS) for dispersion. The results from the pipe flow simulation is used to 
provide an approximate boundary condition for the nat1,1ral gas release in FDS. Two separate 
simulations were performed because the pipe flow involves very higb-speed flow which requires very 
small timesteps which would greatly increase the dispersion calculation if both the pipe and dispersion 
flow were coupled in a single simulation. Thus, pertinent values for the pipe flow simulation were 
assessed several diameters from the pipe exit where velocities are much lower than near the exit. FDS 
was chosen to perform the dispersion simulation instead of ANSYS Fluent because FDS has been 
validated for dense-gas dispersion (9), though AN SYS Fluent has the pertinent physics to model 
dispersion. 

It is highly stressed that the simulations are considered pre liminary because a simulation study 
involves validation, evaluation of parameter sensitivity, and evaluation of grid independence to 
evaluate the level of uncertainty in predictions. Addi tionally, the accuracy of the real-gas equation of 
state used has not been evaluated. Other models specifically for natural gas have been recently 
developed (10] [I I] but require extensive effort to implement into ANSYS Fluent which would not 
allow for this review to be completed in the timeline required. Also due to the limited time available lo 
perform this analysis, the actual topography of the site is not included in the dispersion calculation and 
the simulation assumes a fla t plane. 

a. Pipe simu/atio1t 

TI,e flow of natural gas in the 42" diameter pipe is supercritical at 850 psi for temperatures 200 K and 
greater shown in Figure 2. Thus, a real-gas equation of state is used rather than the ideal gas equation. 
The flow is under-expanded choked flow in which the Mach number is l at the exit. Specifications 
provided in Table 2 and the domain shown in Figure 3 were used for the simulation. 
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Results from this simulation are shown in Figures 4 through 7. Figure 4 shows an axisymmetric 
contour plot of the Mach number which indicates choked :flow. Figure 5, showing an axisymmetric 
contour plot of velocity, indicates that the velocity at the exit of the pipe is about 375 m/s and that a 
downstream shock wave occurs which has a ve locity of about 970 m/s. Especially significant to this 
review are the tempera ture and density contour plots shown iri Figure 6 and Figure 7, respectively, 
since the statement has been made in the NRC analysis that the vapor cloud will immediately become 
buoyant. The results indicate that the reg ion j ust before the shock wave would result in condensation 
of the methane and in regions after the shock would condense water allowing for the cloud to be 
visible. Note that the simulations did not include multiphase flow but would be required for a detailed 
analys is. 
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Figure 2: Temperature versus density of methane at 850 psi 
(https://webbook.nist.gov/chemistrv/flujd). 
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Specification 
Pipe diameter 

Pipe length 
Length, height of region beyond the pipe 

Fluids 
Equation of State 
Lolet temperature 

Inlet pressure 

100 m 

L p,pe 

Figure 3: Domain for pipe simulation. 
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Figure 4: Axisymmetric view of Mach number contours. 
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Figure 5: Axisymmetric view of velocity contours. 

contour-I 
Static Temperature 

343e,02 

3 13e,02 

2 83• , 02 

2 53e ►02 

2 2Je,02 

1 53e+02 

1 C3e+02 

1 ,3e ►02 

1 C3e.02 

7 ,0e+01 

4 ~08 t-01 

I k I 

Figure 6: Axisymmetric view of temperature contours. 
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Figure 7: Axisymmetric view of density contours. 

Under-expanded compressible flow can produce a series of progressively weaker shock waves 
that form a diamond pattern. The pattern wi ll not continue indefinitely but will be diffused from 
viscous effects and will no longer maintain their pattern. The pattern formed will depend on the 
exit pressure wbich for this s imulation was approximately 350 psi (2.3 MPa or 24 bar). 
Illustration of variation of patterns is shown in Fii;,'l.lre 8 w·hich are simulation results taken from 
reference [ 12) of under-expanded methane jets for two different exit pressures, 20 bar (290 psi) 
and 12 bar ( 174 psi). Notable is that both cases results in regions of condensation. The pattern of 
the simulation results presented in Figures 4 through 7 are closest to the exit pressure of 12 bar 
shown in Figure 8b. Though this should be caveated with the understanding that this is a 
preliminary simulation and that additional investigation is needed to improve accuracy for the 
reasons noted previously. For instance, the region beyond the pipe exit uses a stretched mesh in 
which cell sizes become increasing larger further away from the exit. It was necessary to use a 
relatively coarse mesh in this region in order to reduce computational run time to meet the 
project's timeline. Since the flow may not be sufficiently resolved past the initial shock wave, 
potential subsequent shocks forming the diamond pattern may not be captured. Also, due to the 
under resolution, tbe turbulence viscosity was artificially high which resulted in enhanced 
mixing. It is anticipated more detailed structure similar to reference [ l2] would be captured as 
the mesh is refined possibly showing additional regions of condensation. 
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Figure 8: Simulation results of underexpanded methane ,jet for exit pressure of (a) 20 bar 
and, (b) 12 bar. Figure taken from Banholzer, M, et al., "Numerical investigation of the 
flow characteristics of underexpanded methane jets", Phys. Fluids, 2019 I 12]. 

The results from the present simulation and from reference (12] indicate that the vapor cloud 
would be a dense gas initially and not be immediately buoyant. Furthermore, the NRC analysis 
provides add itiona l supporting evidence to the above that the issuing gas would be heavier than 
air. The NRC analysis uses a flow rate of 256,000 lbs/min (1939 kg/s) and a methane density 
issuing from the pipe exit of 0.67 kg/m3 which is less dense than air. Given the area of the pipe 
(0.89 m2) , the resulting ex it velocity would be 3,961 mis for this assumed dens ity which would 
not be choked tlow. To satisfy choked tlow w ith an exit velocity of about 375 mis, tbe density 
would have to be around 6 kg/m3. 

This has signi ficant consequences for explosion hazards since dense gas vapor clouds in stable 
atmospheric conditions can travel significant distances [ 13] and will persist much longer than I 
minute. Additionally, the dense vapor cloud would travel tlu·ough the swrnunding vegetation and 
other infrastructure to provide an environment for a deflagration to detonation transition (DDT). 
Particularly since the natural gas is not 100% methane but can have up to 5% of other 
hydrocarbons such as ethane and propane. Small addit ions of these hydrocarbons can increase 
tbe sensitively of the gas to detonation [ l 3]. 

Thus, it is recommended that the TNT equivalency model not be used but rather use a model that 
can include the effects of congestion such as tbe TNO multi-energy method [3]. And, if using 
ALOHA for explosion hazard assessment it is recommend that the 'congested' option be used . 
For a 256,000 lbs/min released from one end of the pipe for e ither 1 minute or 10 minutes using 
ALOHA with the congestion option, distances to 1 psi overpressure of 1.8 miles and 5 m iles are 
predicted, respectively. As noted previously, ALOHA calculates overpressure distances using 
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the Baker-Strehlow-Tang method which incorporates general factors for obstacles which are not 
site-specific and thus isn' t considered as accurate as the TNO multi-energy method. 

b. Dispersion simulation 

The simulation of the vapor cloud dispersion assumes that the safety valves could be shut in 12 
minutes, doubling the time provided in the report by the Office oflnspector General of the NRC [ 14] 
from an interview with the Enbridge Energy Corporation, owners of Algonquin, which stated that it 
would take a minimwn of 6 minutes to shut the isolation valves. For this preliminary simulation, the 
same flow rate as used by tbe NRC analysis of256,000 lbs/min (1939 kg/s) was assumed for a double­
sided full-bore release. This is because the release rate depends on the pipe length and the simulation 
of the pipe used a length of l 00 m rather than a length of3 miles due to computational run time. For 
any future Lnvestigation, flow rate as a fimction of pipe length should be evaluated. Note that for the 
pipeline, given the much greater range of operating pressures above atmospheric, the fiow will be in a 
thermodynamic state to result in a gas density that is heavier than air. Thus, within the potential flow 
rates arising from the range of operating pressmes, the gas will be denser than air. Based on the 
findings from the pipe simulation, the density of the gas is specified as 1.5 kg/m3 by evaluating regions 
beyond the shock wave. Thus, the gas will be heavier than air and will persist and spread much further 
than if t11e cloud was lighter than air. Since the CFD code, FDS, used to model the vapor dispersion is 
designed for low Mach number flows, that is, Mach numbers up to about 0.3 a release velocity of 50 
mis is used which is about Mach 0.15, well below the limi ts ofFDS. To use this velocity and match 
tbe mass release rate of(l939 kg/s), the area of the release had to be increased relative to the pipe 
diameter, that is, from l.1 m to 6.6 111. Thus, the details of the dispersion will not be repJesentative of 
the actual pipe near the release but will be representative of the vapor cloud in the far field providing 
an estimate of the extent of dispersal. The release is also above ground, but it is anticipated that the 
vapors would fill and eventually overflow a crater fom1ed from a release. The specifications used in 
the simulation is provided in Table 3. 

a e : pee, T bl 3 S ·n cations or I f 1spers1on s1mu. a 100 
Specification Value 

Duration of releas:: 12 minutes 
Diameter of release 6.6 m 

Mass release rate 1939 kg/s (256,000 lbs/min) from two 
horizontal full-bore releases directed 

towards each other placed 15 m (SO fl) apart 
Fluids methane, air 

Density of methane 1.5 kg/m3 

Atmospheric conditions Stable (Monin-Obhukov relations). wind 
speed 1.5 mis, 

temperature 293 K 
Number of elements 80M 

Element size 0.2m 
Number of processors 168 

The computational run time was much longer than typical dispersion simulations because of the 
relatively high release velocity (50 m/s vs. ~ 1 mis). Typically, dispersion simulations will take about 
1-2 days to complete depending on the number of elements required. For this dispersion simulation it 

12 



took about a day to complete 200 seconds of real time. With an ending time of 1800 seconds, it would 
take about 9 days to complete. The ~imulation was terminated unexpectedly from the high­
performance compute cluster, possibly due to high demand, at almost 500 seconds of real time and 
was not restarted in order to meet the project's timeline. At almost 500 seconds the vapor cloud 
reached the lower.flammability limit (LFL - 5% vol.) at a distance of about 950 m (3,100 ft) from the 
release point. Since the release doesn' t terminate until 720 seconds (12 minutes), it is anticipated that 
the distance would increase if the simulation was continued. Also, even after the release is terminated, 
the cloud will drift downwind and take several minutes to dissipate resulting in greater distances to the 
LFL. Given the above, it is anticipated that the distance would extend beyond 1,600 m (5,248 ft) since 
the cloud is propagating in the downwind direction at a speed of about 1.00 m/min. Figure 9 through 
Figure 16 shows a temporal sequence of the development of the vapor cloud from 1-8 minutes by 
plotting contow·s of methane volume fractions at the upper flammability limit (UFL - 15% vol.) and 
LFL. If the cloud reaches an ignition point within the flammability region an explosion can occur. 
Note that tl,e cloud in the lateral extent is propagating beyond the computational domain indicating 
that for any future investigation the domain should be increased in the lateral extent. 

"" 

.:su 

Figure 9: Top-view image of UFL (light blue) and LFL (dark blue) contours 1 minute after 
release. Distances are in meters. 
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Figure 10: Top-view image of UFL (light blue) and LFL (dark blue) contours 2 minutes 
after release. Distances are in meters. 
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Figure 11: Top-view image of UFL (light blue) and LFL (dark blue) contours 3 minutes 
after release. Distances are in meters. 
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Figure 12: Top-view image of UFL (light blue) and LFL (dark blue) contours 4 minutes 
after release. Distances are in meters. 
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Figure 13: Top-view image of UFL (light blue) and LFL (dark blue) contours 5 minutes 
after release. Distances are in meters. 
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Figure 14: Top-view image of UFL (light blue) and LFL (dark blue) contours 6 minutes 
after release. Distances are in meters. 
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Figure 15: Top-view image of UFL (light blue) and LFL (dark blue) contours 7 minutes 
after release. Distances are in meters. 
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Figure 16: Top-view image of UFL (light blue) and LFL (dark blue) contours 8 minutes 
after release. Distances are in meters. 

Figure 17 shows a centerline side view of the vapor cloud at 8 minutes indicating that it has not risen 
like a buoyant cloud but rather displays dense gas behavior by keeping relatively close to the ground. 
The highest point of the vapor cloud is near the source with a height of about 50 m then decreases to 
about 20 m for downwind distances. Note that the vertical extent of the domain is 100 m. Along the 
pipeline's route its elevation is lower than that of tbe IPEC, ranging from 20 ft to about 100 ft. Given 
this difference in height and the height of the cloud, the cloud can migrate over the hills if the wind 
direction is towards the IPEC. Since the wind can be in any dfrection, the dispersion calculation 
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assumes the wind direction is towards the SOCA 

-------=--=-- -----=-

Figure 17: Centerline side view of vapor cloud showing contours of methane volume 
fraction at 8 minutes. 

.. 

.. 

TI1is dense gas behavior bas implications with regards to explosion hazards since the vapor cloud 
would travel through vegetation and persist for a sufficient amount of time to result in potential 
ignition which can lead to a deflagration to detonation transition due to the congestion or have 
overpressures that exceed l psi from a deflagration explos ion. The vapor cloud region between 
the flammability limits is roughly I/3rd the cloud volume and if the cloud encounters an ignition 
source in congested areas, significant overpressures can result. At approximately 6 to 7 minutes 
after release the flammability region of the vapor cloud will be either near or begin to engulf the 
SOCA and can result in an explosion with a high likelihood of exceeding an overpressure of I 
psi at the SOCA if ignited within the tlammability region. The furthest point downwind distance 
within the flammability region is about 950 m (3, I 00 "fl:) al 8 minutes which is greater than any 
distance from the pipeline route to the SOCA (Security Owner Control Area) which varies from 
about 1580 ft to 2363 ft. At 8 minutes the flammability region would surround the SOCA. The 
results from this simulation indicate that for this release scenario explosion overpressures of 
greater thai1 1 psi at the SOCA would most probably occur given the surrounding congestion. 
Instances of natural gas pipeline accidents in which the natural gas was not immediately ignited 
at the release point and indicated that the cloud was not immediately buoyant can be found in 
references [ 15] [ l 6]. 

4. Summary of review 

The following are the key findings from this review: 

l. Evaluation of models used: 
• Con ect heat of detonation value was used; 
• ALOHA does not model supercritical flow and topography which is applicable to this release 

scenano. 
• TNT equivalency model is inadequate for the release scenario. 
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2. The major assumptions of the NRC analysis that results in an underprediction of distances to an 
overpressure of l psi are: 
• The cloud will become immediately buoyant and disperse below the :flammability limits within 

1 minute regardless of when the pipeline can be closed. Thus, only the mass released over I 
minute is considered in the TNT equivalency calculations. 

• Tbe cloud will not propagate through vegetation and congested areas since its density will be 
less tJ1an air. 

3. The major findings from the preliminary SNL analysis are: 

• 

• 

• 

The vapor cloud will be heavier than air which will cause it to disperse near the ground and 
will persist after the pipe has been closed. 
The dense-gas vapor cloud will propagate through the vegetation and congested areas which 
increases the likelihood of a deflagration to detonation transition. 
Simulation results indicate that at approximately 6 to 7 minutes after release tbe flammability 
reg ion of the vapor cloud will be either near or begin to engulf the SOCA and at 8 minutes the 
flammability region would surround the SOCA. Thus, if the cloud is ignited within the 
flammability region, the explosion would have a liigb likelihood of exceeding an overpressw·c 
of J psi at the SOCA. 

lt is highly stressed that the simulations are considered preliminary because a simulation study 
involves validation, evaluation of parameter sensitivity, and evaluation of grid independence to 
evaluate the level of uncertainty in predictions. Also, the accuracy of the real-gas equation as not been 
evaluated for the pipe simulation and the actual topography and infrastructure of the site is not 
included in the dispersion simulation. 
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Appendix A: NUREG/CR-3330 Calculation 

Phone . (505) 844-3282 
Email: jamohma® sondia,gov 

NUREG/CR-3330 provides an example calculation of a fire accident scenario for a high-pressure 
natural gas pipeline. In the sample calculation a discharge from a 36-inch pipeline operating at 
I 000 psig [A. l ]. From 3-1 the average flow rate of J 700 kg/s from the range of 1400-2100 kg/s 
was applied to the ca lculation. 

Using the equations provided in the NUREG the results can be replicated and applied to the ATM 
pipeline situation. There are three main steps in calculating the incident heat flux applied to the 
reinforced concrete safety related structw·es. 

Step I: Calculate the radiated power (PR), using Equation 3.1 
Step 2: Calculate the radius and diameter of the spherical flame 
Step 3: Calculate the incident radiation at various distances using Equations 4.1 and 4.2 1 

Applying this methodology to the AlM pipeline the same variable asswnptions were made, 
except for the mass flow rate of the 42-inch pipeline operating at 850 psig. According to tbe 
NRC's Review and Confmnatory Analysis the m ass tlow rate for the -pipeline is 1935 kg/s [A.21-
The value was rounded to I 940 kg/s for the sake of this calculation and is referred to as the 
Nominal Case. 

According to Table 3-1 of tbe NUREG a pipeline of 42-incb diameter would have a mass flow 
rate between2000-3200 kg/s . To illustrate the impact of a pipeline of larger mass flow rate on 
it1cident beat flux a value of 4000 kg/s was used to calculate the last set of values this referred to 
as the Bounding Case. 

Below in Table A-1 the results of incident heat flux on reinforced safety re lated concreate 
structure are shown for distances of 482, 500, 700, I 000, and 1500 meters. The Security Owner 
Control Area (SOCA) fence is 482 meters away. Buildings that house Emergency Diesel 
Generators (EDGs) are approx imately 700 meters from the pipeline. 

1 For Transmissivity in Step 3. the 20% Relative humidity Curve on Figure 3-2 in N UREG/CR-3330 was used. 
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Table A-1: Incident Radiation at Various Distances and Mass Flow Rates 
Mass Radiated Fire Incident Distance Flow 

Case (m) Rate Power Diameter Transmissivity Radiation 

(kg/s) 
(kW) (m) (kW/m2) 

482 NIA NIA NIA NIA NIA 
700 N/A NIA NIA NIA NIA 

Sample 500 0.7 19.6 

1000 1700 4.09E+07 295 0.63 4.6 

1500 0.57 2.0 

482 0.7 23.6 

500 0.7 22.1 
Nominal 700 1940 4.57Et07 3 12 0.65 10.9 

1000 0.63 5.3 

1500 0.57 2.2 

482 0.7 44.1 

500 0.7 41.5 

Bounding 700 4000 9.61 E+07 452 0.65 21.4 

1000 0.63 1.0.7 

1500 0.57 4.4 

Using the bounding mass -flow rate of 4000 kg/s the incident heat flux on safety related structures 
if located at 482 meters would be 44 kW /m2. Note that the same parameter assumptions. were 
made as were made in the sample calculation; combustion efficiency, fraction of excess 
entrained air, and flame temperature may affect the results. 

NUREGICR-3330 states in Table 2-1 that the reinforced safety related structure would last 5 
hours witl1 an incident heat flux of 50 kW/m2 applied. This is based on the criterion l which is 
'Temperature at tile first rebar location does not exceed l 77°C (350°F)' , Since the first rebar 
location does not exceed this temperature, the interior temperature does not exceed this value 
either. 
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From: 
To: 
Subject: 
Date: 

Hi Suzanne, 

Mohmand Jamal Ahmed 
Dennis. Suzanne 
[Extemal_Sender) RE: RE: RE: (EXTERNAL] RE: NRC Report 
Wednesday, April 01, 2020 2:23:52 PM 

I suggest adding something along these lines to the end of the sensitivity portion of the risk 

assessment section. 

Th is sensitivity on ly fai ls equipment located in non Category I structures and does not take into 

account any cable failure impacts that could exist. The potential of safety related cables passing 

through buildings t hat are assumed to col lapse In this sensitivity was not addressed. The impact of 

this could be wide ranging and is very plant and site specific due to the spatial nature of how cable 

routing is conducted. A sensitivity analysis that takes this into account is an arduous and time 

intensive, if t he information is not already ava ilable. The sensitivity as currently presented provides a 

best case scenario where there are no safety related cables that pass through the buildings that are 

assumed to collapse. 

Let me know what you think. 

Thanks, 

Jamal 

From: Dennis, Suzanne <Suzanne.Dennis@nrc.gov> 

Sent: Wednesday, April 1, 2020 11:12 AM 

To: Mohmand, Jamal Ahmed <j amohma@sandia.gov> 

Subject: RE: RE: RE: [EXTERNAL] RE: NRC Report 

Hey Jamal, 

I'm not sure of t he status of Indian Point's fi re PRA, but even if they did, I don't t hink t he NRC could 

get access to it at this point. 

Can you add some suggested wording to the report to caveat the results? 

Thanks! 

Suzanne 

From: Mohmand, Jamal Ahmed <jamohma@sandia.gov> 

Sent: Wednesday, April 01, 2020 11:20 AM 

To: Dennis, Suzanne <Suzanne.Deonis@nrc.gov> 

Subject: [Externa l_Sender] RE : RE: (EXTERNAL] RE: NRC Report 

The only quick and easy solution is if Indian Point has a Fire PRA. 



If they are familia r w ith their model it should be relatively simple to extract the basic events that 

would fail in non-safety related buildings. 

If they don't have one, it would be t ime consuming to do. 

From: Dennis, Suzanne <Suzanne Dennjs@nrqov> 

Sent: Wednesday, April 1, 2020 8:36 AM 

To: Mohmand, Jamal Ahmed <jamohma@sandia.gov> 

Subject: RE: RE: [EXTERNAL] RE: NRC Report 

Now's good. 

Suzanne 

301-415-0760 
r )(6) I 
From: Mohmand, Jamal Ahmed <jamohma@sandja.goV> 

Sent: Wednesday, April 01, 2020 10:04 AM 

To: Dennis, Suzanne <Suzanne Dennjs@nrc gov> 

Subject: [External_Sender] RE: [EXTE~NAL] RE: NRC Report 

Hi Suzanne, 

Can I give you a call now? 

From: Dennis, Suzanne <Suzanne.Dennis@nrc.gov> 

Sent: Tuesday, March 31, 2020 5:24 PM 

To: Mohmand, Jamal Ahmed <lamohma@sand[a gov> 

Subject: [EXTERNAL] RE: NRC Report 

Hey Jamal, 

Just seeing t his. I'm ava ilable anytime tonight and in the morning (I have a meeting at 9:30 EDT, but 

after that I'm free). 

Suzanne 

From: Mohmand, Jamal Ahmed <jamohma@sandja.gov> 
Sent: Tuesday, March 31, 2020 5:19 PM 

To: Dennis, Suzanne <Suzanne.Dennis@nrc.gov> 

Subject: [Externa l_Sender] N RC Report 

Hi Suzanne, 



Do you have a couple minutes to ta lk? 

Thanks, 

Jamal 

Jamal Mohmand 
Fire, Risk, and Tranportation Systems (8854) 

Sandia National Laboratories 
11505 844 3282 (0) l j..,..(b..,.,)(B,...i ----., (C) 

lamohma@sand1a.gov 



From: 
To: 
Cc: 
Subject: 
Date: 
Attachments: 

Hi Suzanne, 

Luketa. Aoay 
Dennis. Suzanne 
Sanborn Scott Edward: Mohmand. Jamal Ahmed 
[Extemal_Sender) Review 
Wednesday, April 01, 2020 12:46:32 PM 

Chapter 2 update Luketa.docx 
20200331-1610 - DRAFT - Full Team Report Luketa.docx 

Here are my comments. Let me now if you have any questions. 

Than ks, 

Anay 

Anay Luketa, Ph.D. 
Fire Science and Technology Dept. (1532) 
Sandia National Laboratories, MS-1135 
Albuquerque, NM 87185 
505-284-8280 
a luketa@lsandia.gov 
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Executive Summary 
This report provides the results of a review by the U.S. Nuclear Regulatory Commission (NRC) staff 
of issues raised in the NRC Inspector General's Event Inquiry titled "Concerns Pertaining to Gas 
Transmission Lines at the Indian Point Nuclear Power Plant" (Case No. 16-024). In r esponse to the 
Event Inquiry, the NRC's Executive Director for Operations tasked a team of NRC and external 
experts to review the findings in the Event Inquiry and to prepare a report that could be submitted 
to the NRC Commission by April 9, 2020. The team members were chosen to be independent from 
the pr evious work described in the Event Inquiry and included both NRC staff and external 
members with expertise regarding the concerns that were raised. 

Indian Point is st.ill safe, but that Entergy (the plant owner) has more work to do. Th tea n 
drew three critical conclusions related to this statement. 

• The rupture of the newly installed 42-inch natural gas transmission pipeline tbat runs 
near Indian Point is highly unlikely. This pipeline was installed using mod n techniques, 
stringent quality standards, and construction precautions that'Umlt the llkelihood of later 
pipeline damage. This stretch of pipeline was designated as a high cpnsequence area under 
Department of Transportation requirements, meaning that additional ihspection and 
documentation requirements apply. Given the remaining operating life of Units 2 and 3 (mere 
weeks to a year, respectively), the risk of a pipeline rupture affecting the reactor units ls very 
small. 

• Jf a rupture ever did occur on the stretch or4Zrlnch pipeline near Indian Point, the 
n uclear power pla nt would remain protected. The i:1lant's safety systems are a ll far from the 
pipeline-two or more times the '1po(en tipl impact radius'' that t he U.S. Department of 
Transportation designates for protecting people from pipeline ruptures, and that generally 
bounds most pipe rupture impacts in real-life.accidents. In a more detailed transient analysis, 
the team found that the robust concrete structures housing the plant's safety-related 
equipment, spent fuel pool, a1,1l fuel stor age containers would be able to withstand the heat and 
pressLlre impacts of an e~losioh or fire that could follow a pipeline explosion. The salely­
related equipment would !;Ustain theta11abil ity to safely shut dowi1 t'he reactors and maintain 
them in a safe s hutdown condition. Equipment or struc11.1rcs outside these bui ldings could be 
affected, but these would be backups or alternatives to the safety-related equipment. The team 
a lso conducted a risk assessment to consider the uncertainties of the events that could unfold at 
Jndian Point and f6und that the risk of serious consequences from a postulated p ipeline rupture 
was very s mall. 

• Entefgy should be asked to revisit the assumptions It made regarding a postulated 
rupture ofth,e 42-inch pipeline. While the team is confident in its independent safety 
conclusions, Entergy's analysis used ass umptions that do not appear valid. Specifically, Entergy 
assumed a highly optimistic timeframe to isolate the pipeline. Entergy may also have been 
optlm(sti'c: about how close to the postulated rupture the pipeline could be isolated, meaning 
that a smaller than realistic a mount of gas was analyzed. Entergy should be asked to assess the 
importance of these assumptions to its conclusions and change its analysis as needed. 

The NRC also needs to improve its processes and practices for technical reviews, inspection 
support, petition reviews, pipeline analysis, and coordination with other agencies. Separate 
from the technical matters, the team substantiated many of the Inspector General's procedural 
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findings. The team found several ways that the NRC should improve its processes. Highlights of 
these findings are summarized below. 

• Technical s taff need better guidance to help them decide when confirmatory analyses are 
necessary or appropriate. It is not always necessary to conduct such analyses- but when they 
do, the work needs to be done well and documented well . 

• Along these lines, peer reviews need to be done more rigorously and consistently. Newly 
updated guidance should already be helping, as long as staff and managers are trained properly. 

• Inspectors and technical experts need better guide lines for arranging formal and~ 
informal support to inspections. Understanding and documenting expectations qp front, then 
providing clear responses to the initial queries, will make NRC inspections.,rork

1
even bett r. 

• The NRC needs to improve its petition review processes even more. While tRe process was 
recently updated, the team still found weaknesses in the consistency nd in ependence of 
reviews, documentation of decisions, and level of detail reviewed a eac;h sta, . 

• The NRC needs to improve how it supports other agencies' reviews When the NRC's 
expertise or decisions will be cited by another agency, the NRC shou d f~ow practices it 
already has in place for its own environmental reviews, formal~i11g a,nd documenting the 
interactions across agencies. This approach should also :svide for a mutual understanding of 
each agency's objectives and regulatory context. 

The body of this report amplifies these topics in sir main:)ctio s and nine appendices. 

• Section 1 and its accompanying Appendix A provide background information on Indian Point, 
the natural gas transmission pipelines t t run near the plant, and analyses conducted of these 
pipelines. 

Section 2 and its accompanying Append'ces B, C, and D provide technical detail. The team 
assessed the NRC's prior aQ_alysis of the 42-inch pipeline. The team also conducted (1) its own 
transient analysis to quantify th natural gas that could be released in a pipeline rupture and 
(2) its own risk analysis to characterize the onsite effects at Indian Point. 

Sections 3 and.,.4 of the r-eport provide information on NRC processes. The team assessed the 
NRC's review of petition regarding the new 42-inch pipeline near Indian Pont. Through this 
assessment and othe te{IJ)l activities, the team developed recommendations for process 
improveme] in ti e difierent areas. 

Section 5 of the report focuses on the specific issues raised by the NRC Office of the Inspector 
ener 1, many o which are also addressed in the other sections. The team considered each 

issue anctJetermined whether the team agreed with the finding, agreed in part, or disagreed. 

Secti n ! summarizes the team's conclusions. It also presents additional issues that the team or 
external parties identified during the course of the team's review. While the team remained 
vigilant for issues that could pose an immediate safety concern for Indian Point, most of these 
issues could not be addressed within the scope or timeframe provided to the team. These issues 
are presented for further consideration by the NRC, as appropriate. 

• Appendices E through I provide supporting information for the remainder of the report. 
Appendix E summarizes the peer review of this report conducted by a member of the Advisory 
Committee on Reactor Safeguards. Appendix F has short biographical informati-on on each team 
member. Appendix G collects the figures referenced in the report. Appendix Hand I both 
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include reference information in different formats-Appendix H with selected events and 
re ferences in chronological order and Appendix I containing all of the endnotes referenced 
throughout the document. 
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1. Background 

1.i. lndlan Point Energy Center and Preexisting Natural Gas Plpellnes 

The Indian Point Energy Center, located in the village ofBuchanan, NY (Westchester County), has 
three reactors on site. 

• Unit 1 was one of the earliest reactors licensed by the U.S. Atomic Energy Commission (AEC), 
the predecessor to the U.S. Nuclear Regulatory Commission (NRC). The Consolidated ~ison 
Company submitted its initial license application to t he AEC in 1955. Indian Poin Unit 1 is 
permanently shut down, and only operated commercially from August 1962 unt il Gtober ~ 974. 
Entergy (the NRC licensee for Indian Point) has moved all of the spent fuel roi nit--1 to dry 
storage in an independent spent fuel storage installation on the Indian Point site. The spent fuel 
pool for Unit 1 has been drained and cleaned. 

• Unit 2 began commercial operations in 1974. It is a Westinghouse P,ressu:ized-water reactor 
with a large dry containment. Per a 2017 settlement agreement between Ne York State, 
Riverkeeper, and Entergy, Unit 2 is scheduled to be shut down by April ~0, 2020, befor e the 
expiration of its license in 2025. Consolidated Edison owned and operated Unit 2 until 2001, 
when the NRC authorized transfer of the license to Entergy. 

• Unit 3, a design very similar to Unit 2, began commercial operations in 1976. Under the same 
agreement between New York State, Riverkeeper, d Entergy, Unit 3 is schedu led to be shut 
down by April 30, 2021. In 1978, operating authonty fo Unit 3 was transferred from 
Consolidated Edison to the Power Authority of the State of New York, which operated Unit 3 
until 2000, when the NRC authorized transfer of the license to Entergy, which joined the sites. 

Figure 1 and Figure 2 provide aerial vie( s of the site to orient the reader. 

Underground natural gas pipelines have run bel l the Hudson River and part of the Indian Point 
site since the 1950s. In this report, these pipelines are referred to as the "preexisting pipelines," in 
contrast to the Algonquin Incremental>Market (AIM) 42-inch pipeline that was constructed long 
after the units began operating (see SeGtion 1.2 of this report) . The preexisting pipelines run closer 
to Unit 3 than to Unit 2, but· both cases are outside the security owner-controlled area (SOCA), 
hundreds of feet away from safety-related plant equipment. 

Three pipelines relat~ to this-preexisting n atural gas transmission system run under the Hudson 
River today/' ) 

• A 24-inch pipeline, constructed between 1952 and 1954, with a 674 psig maximum allowable 
operat g pr~ re (MAOP}1 (see Appendix I for all notes) 

• A 30-inc) pipeline, constructed between 1965 and 1967, with a 750 pslg MAOP 

• A 24-ioch auxiliary line installed In 1992, with a 674 psig MAOP 
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The two pipelines that run across the Indian Point site are the 26-inch and 30-inch pipelines, which 
are b uried between 5 and 10 feet below the surface onsite. 

Appendix A presents background information on how these preexisting pipelines were evaluated 
by the licensee and the NRC from initial licensing through 2015. 

1.2. Algonquin Incremental Market Project 

In February 2014, Algonquin Gas Transmission, LLC (a subsidiary of Spectra Energy2) applied to 
the f ederal Energy Regulatory Commission (FERC) for a Certificate of Public Convenience and 
Necessity and related authorizations for the AIM Project.3 The AIM Project, as described in the 
original application, would include installing 37.6 miles of take-up and relay, loop and lateral 
pipeline facilities and related facilities in New York, Connecticut, and Massachusett add ing 
compression capability at stations in New York, Connecticut, and Rhode Island; and modifying or 
constructing multiple metering and regulating stations. The project would allow Alg nquin to 
provide 342,000 dekatherms per day (Dth/d) from a receipt point near Ramapo, NY, to delivery 
points in Connecticut, Rhode Island, and Massachusetts. Figure 3 iD this rep~ vides an 
overview of the AIM pipeline. ~ 

The new pipeline facilities included: 

... 20.1 miles of 42-inch diameter pipeline that wVl"tcR)ace certain segments of 
26-inch diameter pipeline, including approximately 6:B'miles in Rockland County, 
New York, approximately 8.8 miles in Westchester County, New York, 
approximately 0.1 miles in Putnam County, New York and approximately 4.4 miles 
in Fairfield County, Connecticut (including horizon al directional drills of0.7 miles 
crossing the Hudson River and 0/ miles crossing 1-84/Still River) ... 

... Installation of a new 42-inch [mait1 ine alve], cross over piping and a 26-inch 
receiver facility at MP 5.48 (Stony Point to Yorktown Take-up and Relay) in 
Westchester County, New York ... 

... Replace the existin 26-ineh~ ve with a 42-inch valve equipped with Remote 
Control Valve (RCY.) capability and install cross over piping at existing MLV 15 at MP 
11.0 (Stony Point to~ ktown Take-up and Relay) in Westchester County, New 

York... \ ') 

Algonquin's applicat~ )so addressed concerns regarding Indian Point that had been identified in 
an October 2013 letter from Entergy to the FERC.4 (Entergy's submittal was part of a FERC prefiling 
review, whic · included environmental scoping.) The relevant discussion is in Section 10.5.3 of 
Resource Repo t.10, "Hudson River Crossing Alternative."s Algonquin clarified in this section that 
no e ofthe-existmg pipelines near Indian Point could be upgraded to a higher pressure, and that 
the existing plpelines needed to be retained for reliability- during a planned maintenance outage 
of the 30-incn or 42-inch lines, the 24-inch lines could be used at a lower pressure to minimize flow 
interruption. Algonquin evaluated Hudson River crossings in northern (using the existing right of 
way through the Indian Point site) and south ern (farther away from Indian Point). Algonquin 
decided to use the southern crossing because it would present much less risk and a much higher 
likelihood of success. The figure showing these alternatives is reproduced in this report as Figure 4. 

As part of its review, the FERC issued a draft environmental impact statement in August 2014.6 The 
FERC docket shows multiple comments from Entergy, the N RC, and interested stakeholders 
regarding the potential impacts of the AIM pipeline on Indian Point. The Entergy comments 
discussed the design enhancements that Algonquin had committed to for the pipeline along the 
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southern route, the evaluation that it had to conduct for Indian Point, the NRC's ongoing inspection 
of this evaluation (see Sections 1.2.2 below), and its decision not to oppose FERC approval of AIM 
following the southern route.' The NRC comments referenced the NRC's inspection and a planned 
future interaction with the FERC, as discussed in Sections 1.2.2 and 1.2.3 below.o 

The FERC issued its final environmental impact statement in January 2015.9 Multiple sections of the 
final environmental impact statement, beginning with the Executive Summary, address Indian 
Point. The alternatives section (Chapter 3) of the environmental impact statement discusses the 
northern (not selected) and southern (selected) crossings and their effects on Indian Point. The 
land use section ( 4.8) discusses Indian Point, including comments received and actions ta en by 
Entergy and the NRC. Algonquin noted that it would coordinate all construction activities with 
Entergy's Indian Point site manager. 

The reliability and safety section ( 4.12) notes the enhanced mitigation m~asures for on~truction 
near Indian Point, which "exceed the most s tringent Class 4 requiremen~ [ in a P.'.'ssage related to 
the nearby Buchanan-Verplanck Elementary School. The FERC further noted that thi} section of the 
pipeline would be designated a high consequence area, which means i would be included in 
Algonquin's integrity management program under the requiremen'ts ofte ~ .S. Department of 
Transportation, Pipeline and Hazardous Materials Safety Administratio in ~9 CFR 192, Subpart 0, 
"Gas Transmission Pipeline In tegrity Management (IM)." 10 This secron also addresses Entergy's 
comments on the pipeline routing, pipeline d esign enhan5ements, construction impacts on Indian 
Point, and overpressure protection, as well as the results of Ent~rgy's and the NRC's related 
activities. u 

A summary of the FER C's relevant findings a nd bases can i)found at the end of Section 4.13 of the 
final environmental impact statement on cu mulative im~a& s: 

As a result of consultation between 1Jgonquin and Entergy, Algonquin has agreed to 
additional design and installation enliancr:ents along approximately 3,935 feet of 
the AIM Project pipeline wh~ e it would lie closest to [Indian Point] (i.e., O.S mile 
from [Indian Point's] security barrier). These measures are described in section 
4.12.3. Entergy has conclude that, based on the proposed routing of the 42-inch­
diameter pipeline further from sa ety-related equipment at [Indian Point], a nd 
accounting for the substantial design and installation enhancements agreed to by 
Algonquin, the propos d AIM Project poses no increased risks to (Indian Point]and 
there would e no ignificant reduction in the margin of safety at the facility. The 
NRC con1ucte 1 sown, independent review assuming a catastrophic pipeline 
failure, and concurred with these findings. As such, we find there would not be any 
significant cumJlative impacts on safety or reliability associated with the proximity 
of~e p' i:1eline to the [Indian Point]. 

TheFERC ist d its approval order in March 2015.12 Paragraphs 106 and 107 of the order address 
Entergy' and the NRC's activities regarding Indian Point and the FERC's conclusion that "the 
project will not result in increased safety impacts" at Indian Point. Spectra Energy placed the AIM 
Project into service in November 2016. 13 

1.2.1. Entergy Actions 

As n oted above, Entergy was aware of Algonquin's plans to construct a 42-inch pipeline near the 
Indi an Point site, in addition to the preexisting pipelines. This change meant that Entergy needed to 
consider under 10 CFR 50.59, "Changes, tests, and experiments," whether there wou ld be effects on 
Indian Point needing NRC approval. 14 
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Entergy submitted its evaluation results to the NRC in August 2014, referencing the AIM pipeline 
application and draft environmental impact statement discussed above. is Entergy noted its plans to 
comment on the FERC draft environmental impact statement and concluded its letter with this 
passage: 

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 suc\a 
review we cannot guarantee that they would ultimately concur with our position. 
Therefore we will suggest that prior to approving the Project, FERC s hould c9nsi er 
conferring with the NRC before reaching a conclusion regarding the potenti I 
hazards posed by the AIM project on (Indian Point) and whether any additio al 
mitigation is necessary. Accordingly, we are forwarding to the NR the enclosed 
Safety Evaluation and Hazards Analyses and are prepared to answe1'any q estions 
NRC may have on the Analyses or support inspections of the same. 

Ente rgy, in its 10 CFR 50.59 evaluation, described earlier evaluations o~ he reexisting pipelines 
(all of which are discussed in Appendix A to this report), the routing and design oft he planned AIM 
pipe line, and actions that the pipeline operator would take i the event of a rupture. 16 Entergy 
discussed application guidance in Regulatory Guide 1.70 and staff review guidance in Standard 
Review Plan Section 2.2.3 for considering design- asis events external to the plant, as well as 
guidance in Regulatory Guide 1.91 for evaluating post lated failures at nearby facilities and 
transportation routes.17 Entergy used this guidance to eval ate the exposure rates (likelihood) of 
pipeline failures and effects (consequence"S) of sucli events. The analysis resulted in a list of 
distances from the pipeline beyond which damage was not postulated: 

• 1,266 feet to withstand heat flux from jet fires (at 12.6 kW /m2) 

• 1,155 feet to withstand detonation ofa vapor cloud (at 1 psi overpressure) 

• 900 feet to withstand missiles generated by the rupture (based on the maximum distance 
observed) 

Entergy then evaluated structo cs and equipment that was closer to the pipeline (e'ither the 
enhanced pipeline ne rest-near the site or th e closest non-enhanced portions offsite) than these 
distances. The switchyard and fu el oil storage tank for the Unit 2 and 3 emergency diesel 
generators, whicli are just'over 100 feet from the nearest approach of the 42-inch pipeline, could be 
destroyed because of a pipeline rupture. Entergy clarified that the loss of offsite power that would 
resulf had a ready-been analyzed and is a relatively high probability event for other reasons. The 
fu el oil stora e tank is a source of fuel to the diesel generators beyond the onsite "day tanks" to 
ensure ey Have an overall 7-day supply of fuel. Offsite fuel could be obtained and provided to the 
site through alternative access routes. Entergy noted that it would move an associated tanker truck. 
Other equipment and structures were either significantly further away or had backup capability. Of 
note, the SOCA fence (which bounds all safety-related equipment onsite) is at least 1 ,580 feet away 
from the pipeline. Figure 5 shows views of the AIM pipeline right of way from near l ndian Point to 
provide perspective on the distance and terrain. 

Entergy also assessed the frequency of a pipeline explosion "using industry data and correlating it 
to more recent data." The resulting rupture freq uencies for generic pipeline and enhanced pipeline 
were 1.32 x 10-s per year per mile and 1.98 x 10·6 per year per mile, respectively.18 Entergy also 
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estimated associated probabilities of jet fires, explosions, and missiles at various equipment 
locations. 

Entergy concluded that the potential for increased risk to the public was acceptably low because no 
safety-related structures, systems, or components (SSCs) or security features would be damaged by 
a pipeline rupture, the effects on other SSCs from ruptures would not have a significant effect on 
plant safety, and the frequency of damage to such SSCs would generally preclude consideration of 
such. Entergy used these evaluations to answer the questions associated with 10 CFR 50.59 and 
determined that prior NRC approval was not needed to address these issues. 

In April 2015, Entergy submitted a revised 10 CFR 50.59 evaluation to the NRC. 19 This revision 
reflected "additional tie-in details for certain limited above-ground segments oftlie gas pipeli~es" 
that Algonquin had s hared with Entergy. Only a portion of the 26-inch pipeline Is above groan~ at 
that location, where it ends at a receiving pi,g trap, and no portions of the J O-inch or ~2-inch main 
pipel ines are above ground. Several smaller-diameter pipe segments for valve actua ors, equalizing 
lines, and pig tie-ins are above ground at that location. Figure 6 shows vie s of this above-ground 
area from a publicly accessible location. ~ 

In the 2014 analysis, Entergy had considered a sabotage event or ruptu at an above-ground 
portion of the pipeline and concluded that this area was sufficiently far way from all important 
equipment not to pose a risk. In the 2015 analysis, Enterf reevaluated a rupture of all above­
ground components during pigging of the 26-inch pipeline. T e heat flux and overpressure were 
smaller than the previous calculation, so Entergy sancluded that its previous conclusions regarding 
10 CFR 50.59 remained valid. ~ 

Entergy updated the final safety analysis reports (F\ ARs) for Units 2 and 3 to reflect the analyses of 
the new 42-inch pipeline. 20 

1,2-2. NRC Response to Entergy Actions 

As indicated above, the NRC ccwducted an inspection of Entergy's 10 CFR 50.59 evaluation using 
Inspection Procedure 71111 fl!, "Plant Modifications." 21 The NRC documented the results in a 
November 2014 quarterJ,Y inspection report for Indian Point22 As part of the inspection, NRC staff 
reviewed the Entergy documentation, "walked down" the proposed pipeline routing, and 
independently analyzed the potential hazards associated with failure of the proposed pipeline. 
These staff members prepared additional documentation to support the summary that was 
included in the inspec io report.23 The NRC concluded in the inspection report that "Entergy had 
appropriately c !!clud cl tha the proposed pipeline does not introduce significant additional risk to 
safety-related SSCs and SCs important-to-safety at Indian Point Units 2 and 3; and, therefore, the 
change in the clesign bases external hazards analysis associated with the proposed pipeline does 
not require rio NRC review and approval." 

Since Entergy determined under 10 CFR 50-59 that NRC approval was not needed, and the NRC did 
not identify issues with this determination, the NRC did not conduct a licensing review or formally 
request additional information from Entergy (as might have been done in a licensing review). 

1.2.3. NRC Coordination with FERC 

Early in its review, the FERC offered the NRC the opportunity to participate formally with the FERC 
as a "cooperating agency" for the environmental review. Staff from both agencies discussed this 
option in April 2014 teleconferences.z• As part of these interactions, the FERC shared public 
comments from the prefiling review and shared insights on the benefits of being a cooperating 
agency; the NRC explained Entcrgy's and the NRC's role in the process. The NRC determined that it 
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did not intend to become a cooperating agency, but would consider providing appropriate 
information, once avai lable, on the impacts of the AIM Project. 

As indicated above, the NRC commented on t he FERC draft environmental impact st atement in 
September 2014.25 The NRC noted that its inspection of Entergy's hazards analysis was ongoing, 
with the results scheduled for issuance in mid-November 2014. The NRC recommended that it 
discuss the inspection findings with the FERC in October 2014 to allow more time for the FERC to 
prepare its fin al environmental impact statement. 

This meeting occurred via teleconference on October 17, 2014.26 In its meeting summary, the FERC 
made note of the Entergy and NRC analyses, as well as the additional mitigation mea ures t~ were 
part of the pipeline design. The FERC stated the following: J 

1.2.4. 

Based on its review, the NRC came to the same conclusion that Entergy did i its 
(10 CFR] 50.59 s ubmission. Therefore, NRC finds Entergy's 50.59 sob ission 
acceptable and has determined that no prior approval from the N.RC is needed. NRC 
also indicated that the existing pipe! ines have been studieq..extens,v.ely, in luding as 
recently as 2008. 4 

10 CFR 2.206 Petition 

During this timeframe, the NRC also reviewed a 10 CFR 2f 06 petition that raised issues with the 
10 CFR 50.59 evaluation conducted by Entergy. The petitioner requested that the N RC take 
enforcement action against Entergy for violating regulations and raised concerns regarding the 
NRC's inspection, oversight, and handling of several PWli ns oftis petition. The NRC rejected this 
petition, citing prior reviews of the issues raised by the pet, ioner. Additional information on the 
petition and the NRC's handling of it is presented in Section 3 of this report. 

1.3. Event Inquiry and Expert EvaJua Ion Team 

On February 13, 2020, the NRC Office of the Inspector General (OIG) issued an Event Inquiry, 
"Concerns Pertaining to Gas Transmission Lines at the Indian Point Nuclear Power Plant" (Case 
No. 16-024).27 ln that repo t, he OIG raised concerns regarding (1) the NRC's safety analysis that 
supported the FERC determination to approve modifications to gas pipelines at Indian Point and 
(2) the NRC's response to a elated 10 CFR 2.206 petition. 

On February 24, 2020( th_e NRC j:hairman directed the NRC staff to determine whether any 
immediate regulatory action was needed. 28 NRC staff promptly reviewed the DIG report and the 
technical aspects of the 42-inch gas line that runs near the Indian Point property. Based on this 
prompt review, the Executive Director for Operations (EDO) determined that there were no safety 
issues warranting immediate regulatory action at Indian Point.29 

The staff~ fu,:?:r directed to review whether any information in the OIG report demonstrates 
that the staff should revisit either the safety analysis or its response to the 10 CFR 2.206 petition, as 
well as to evaluate whether any modifications to agency practice or procedures are needed or 
appr opriate based on the OIG report. On Februa,y 27, 2020, the EDO established an evaluation 
team to carry out the review directed by the NRC Chairman.Jo This report summarizes the results of 
that review. 

The NRC publicly released the team's evalua tion plan on March 9, 2020, including team 
membership.Ji The team was led by David Skeen (Deputy Director, Office of International 
Programs) and Theresa Clark (Deputy Director; Division of Rulemaking, Environme ntal, and 
Fina ncial Support; Office of Nuclear Materia.l Safety and Safeguards). NRC members were 
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independent of prior reviews in this area. The team included experts in NRC engineering reviews 
and risk analysis. Th!l team also induued external experts independent of the NRC's priur activities 
on this subject. A pipelfne safety analys is expert from the Department ofTransportatlon's Pipeline 
and Hazardous Mate1ials Safety Administration (PHMSA) independently reviewed the NRC and 
Entergy safety analyses. In addition, the NRC contracted kif experienced researchers at Sandia 
National Laboratories to provide expertise 0 11 natural gas modeling and fire risk. Biographies of the 
team members are tnduded in Oto this report. 

As d irected by tl\e EDO, on March 18, 2020, the team Identified modificatio11s that may be needed to 
agency practices or procedures.n The team noted that peer reviews should be strengt;heiled, 
guidance for supporting inspeclions should be clarified, the structure for reviewi•J,g 10 CfR 2.206 
petitions should be revisited, and interagen cy coordination s hould be strength.en ed. Section 4 f 
this report provides additional deta il on process improvements recommended by the team. 

The results of the team's activities are documented in the following sections of this report. The 
major activities of the team between February 27, 2020, and April( 9 2020,~ ere: , 

• Conducting one or more interviews each with: '-...,/ 

o 15 NRC staff and managers in Office of Nuclear Reactor Regulation NRR) and Region I who 
were directly involved in the NRC's inspection, analysis, a 1d petition review 

o 2 members of the public who had previously raised concerns with the NRC's handling of 
these issues33 

o 3 Entergy staff members who were involved in eval ations of pipeline hazards 

• Reviewing numerous public and non-pu lie documd as referenced in the chr onology that 
the team assembled (Appendix H) and the endnotes to this report (Appendix I) 

• Visiting the Indian Point site to directly obse!'Ve pipeline locations, pla nt safety systems, and 
equipment and structures th t-could be affected by a pipeline rupture 

• Conducting various risk and consequence analyses for pipeline ruptures, as discussed further in 
this report (notably SeGtio 2, Appendix B, Appendix C, and Appendix D) 

• Coordinating w 'th NRC fir experts in t he Office of Nuclear Regulatory Research to understand 
the bases for eq tion~ nd references in Regulatory Guide 1.9134 

During the team's revi w, the team or external parties identified issues separate from those 
included in e CHairman and EDO taskings. While the team remained vigilant for issues that could 
pose n immediate safety concern for Indian Point, most of the issues raised could not be addressed 
within the scope ortimeframe provided to the team. Section 6.3 of this report collects these issues 
for fu her c/ sideration by the NRC, as appropriate. 

7 



2. Conclusions Regarding Safety Analysis 
Throughout its work, the team remained focused on the safety of Indian Point and whether new 
information revealed the need to take immediate regulatory action. The team did not identify any 
concerns that met this threshold. This section of the report describes how the team considered the 
safety of Indian Point in proximity to the AIM pipeline, from three perspectives: the likelihood of a 
pipe rupture and blowdown that could affect Indian Point, the consequences a pipeline explosion 
(overpressurization and missiles), a nd the consequences ofa pipeline-rupture-related fire (heat 
impacts). The team considered historical experience and conducted its own analyses ofaynamic 
gas behavior following a pipe rupture and the risk of subsequent impacts at Indian Po.!,t1t. The 
subsections below address these topics in detail. ~ 

2.i. Pipe Rupture and Blowdown Likelihood 

2.1.i Design and Construction Enhancements 

The team obtained information from Enbridge (the AIM pipeline aper tor) regar mg the enhanced 
design and const ruction of the AIM pipeline near Indian Point. Similar information had been 
provided to Entergy, in support of its 10 CFR 50.59 evaluation, and oth4 requesting parties. These 
measures generally exceed the applicable Department of Transportation requirements under 
49 CFR Part 192, "Transportation of Natural and Other Gas y Pipeline: Minimum Federal Safety 
Standards." For example, the enhanced protections fo'\he pipeline adjacent to Indian Point include: 

• A more stringent design factor, higher-grade pipe35,/4nd deeper burial than required 

• Fusion-bonded epoxy coatings for corrosion control in ide and outside the pipe, an abrasive 
resistant overlay outside the pipe, a~d"t.hrink sleeves or tape coatings on field weld joints 

• 100-percent non-destructive examination of-all girth welds; 100-percent inspection of all 
welding, coating, and backfilling activities~ d "pigging" a~er construction to identify any dents 
exceeding code limitations 

Enbridge also placed fiber-reinforced concrete slabs and warning tape above the pipeline near 
Indi an Point to reduce th liketi ood of construction digging or other activities reaching and 
damaging the pipeline. 

In general, these enh ncements mean that the likelihood of a pipeline rupture through known risk 
fa ctors such as-welding flaws, corrosion, and incidental damage is reduced. The team's peer 
reviewer (see Ap,fendix,_1;) observed this when reviewing the team's event frequency estimate 
discussed in ection 2.S'ISelow: 

The meth d used to establish the initiating event frequency, although based on 
actual data, does not have a high degree of statistical confidence or relevance to the 
AIM gipeline. The data are a limitecl sample, and there were likely different causes 
and conditions associated with each of the fifteen rupture events (seam weld 
manufacturing defects/low toughness, external corrosion, stress corrosion cracking, 
and third-party damage are the more common ones). And these conditions are not 
directly applicable to the subject AIM pipeline. Most, if not all, of these failures were 
likely in legacy pipelines, manufactt1red to less rigorous standards than current 
practice and have been subjected to many years of potential in-service 
degradation. This is especially true for the ~4000 ft of enhanced AIM pipeline in 
closest proximity to [Indian Point). Therefore, although there is a high degree [of] 
uncertainty in the assumed initiating event frequency, it is likely that the 
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uncertainty is in the direction of m aking this estimate much higher tha n the 
true rupt u re frequency of t hat pipeline segme nt. (emphasis added) 

The team did not attempt to quantify a reduced pipeline rupture frequency for the AIM pipeline 
near Indian Point, given the uncertainties. In the team's view, optimistic estimates of failure 
frequencies (one in a million per year or less) often lead the licensee or the NRC to assess failure 
consequences in less detail. Therefore, the team continued with its analysis applying a more general 
failure frequency. 

2.1.2. Risk Assessment and Mitigation 

After construction, pipeline operators continue to assess and mitigate the risks to their pipeli es 
through "integrity management." For high consequence areas,36 the relevant requirements are in 
49 CFR 192, Subpart 0. 'rhe AIM pipeline near Indian Point is identified as being in a high 
consequence area, so these requirements apply. Rele~ant requirements for this case inc ude: 

Having an integrity management pro.gram (49 CFR 192,911, among others). These 
programs include identification of high consequence areas, plans l<'lr vaillous.assessments, 
processes for continual evaluation, ,ind certain procedures. Operators 11111st continually 
improve U1eir programs. The team obtalned information from Enbritlge verifyilllg that it has an 
integrity management program and risk assessment process that manages, monitors, and 
addresses various types of corrosion, defects in the pipeline, third-party damage, operations 
issues, and weither. Enbridge's program manual Iars out the general approaches taken by 
Algonquin Gas Transmission.3' 

• Assessing threats to the pipeline and taking actions to mitigate the risks (49 crR 192.917 
and 192.935, among others). "Thre,its'' for purposes of this assessment include those listed in 
the American Society of Mechanical ')lnglneers a nd American National Standards Institute 
(ASME/ANSI) Standard B31.8S,38 such a s corrosion, construction defects, third o:iarty damage, 
and human error. Operators use this standard to assess the risks associated with each threat 
and prioritize what baseline assessments and reassessments are needed, as well as what 
preventive and mitigative meas\l.res wi l I be taken. Preventive and mitigative measures a re 
based on the risk as~essm~nt and can Include installing remote control valves, r eplacing pipe 
segments with pipe of heavier wall thickness, ope: ating below 30 percent of the specified 
minimum yield strength,~ and conducting training and drills. [insert ,enbridg~ 

Conducting a baseline assessm ent and continuous assessments ( 49 CFR 192. 921, 
192.937, and 192.939, among others). As appropriate for the pipeline segm ents, the operator 
conducts internal in~pections to detect corrosion or other threats, pressure tests in accordance 
w ith 49 CFll t 92, Subpart), "Test Hequirements,"•0 a nd direct assessments for corrosion. 
Opera ors muse,conctuct this baseline assessment within 10 years from the date a pipeline is 
ill)!talled. The pressure test under 49 CF'R 192, Subpart J, can satisfy the requirement for a 
baselit1e assessment. Ope rators must continue to assess the pipeline, with a reassessment 
occuriing no more than 7 years. after the baseline assessment The reassessme1\ts, similarly, can 
also include pressure tests or direct corrosion ass~ssments. [1nsertenbridge] 

The team also gained access to a risk assessment contracted by the State of New Yoi·k to assess 
infrastructure near the AIM pipeline and the risks or c.amage to the pipeline.41 The risk assessment 
was based on experts' judgment and did not quantify probabilities and consequences of specific 
scenarios. This evaluation considered risks to pipeline integrity such as corrosion and otl1cr 
material issues, excavation and other sources of damage, as well as equipment and Operational 
failures. All J·isks srecific to Jndlan Point we1·e categorized as "unlikely," Mitigation and emergency 
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response strategies were identified for each, including actions that the New York State Department 
of Public Safety would take. The appendix on Indian Point pipeline impacts summarized publicly 
available analyses related to the pre-existing and AIM pipelines and referenced prior conclusions by 
the NRC and licensees. 

Collectively, these ongoing activities provided the team with further confidence that a pipeline 
rupture is unlikely, though (as noted above) the team did not attempt to quantify th e risk reduction 
from such activities. 

2.1.3. Isolation of a Pipeline Rupture 

If a rupture occurs on the AIM pipeline near Indian Point, the effects on the nuclear power pla 
would depend on the volume of gas released. The volume of gas released is a function of'the ~eed 
wit h which the pipeline operator isolates the ruptured pipeline. It is also a function fthe length of 
pipe line that would be isolated, which determines the amount of gas available to flo out the break 
and feed a fire or other consequences. Entergy and the NRC have made different assumptions 
rega rding these variables. The team obtained updated information frol Enbridgo on the methods 
that the pipeline operator would use to isolate a rupture. ' 

Enbridge informed the team that the 42-inch Al M pipeline is continuou ly monitored from a gas 
control center in Houston, TX. The control center monitors 12ressures, flows, and station status 
(induding discharge and suction pressures). The Supervisory Control and Data Acquisition system 
is used to detect ruptures and was specifically enha)lced to include a schematic screen to expedite 
evaluation and isolation. Alarms include a rate-of-change alarm that detects a pressure drop on the 
line. If the data indicates a rupture requiring valve closures, gas controllers have the authority, 
autonomy, and ability to close valves to isolate the pipelii~ rhey are also trained to isolate other 
affected facilities including shutting do, t1_ compressor station across the Hudson River. 

Enbridge has procedures for emergency notification, emergency response, alarm management, and 
response to abnormal operations that it would apply in these cases. The procedures indicate that 
the operator may have enough in ormation from his data system, alarms, and trends to enable 
eme rgency response actions. If the ata is n•ot clear, the operators can use reports from outside 
sources such as emergency services or,public officials to justify isolating a line. The controller is not 
required to have such veri cation to isolate the line if the data is clear. 

The mainline valves or the 42-ihch pipeline are remote-operated from the Houston control center. 
The control center ca ~ O--J.!~Onitor pressures on the upstream and downstream sides of the valves. 
Enbridge estimated, b~ed oil tabletop training a nd operating expe rience, that it would take up to 
eight minutes to iilenti(y a rupture using the Supervisory Control and Data Acquisition system, 
confirm that he valves need to be closed, and close the valves. Enbridge noted that three minutes 
(pre viously efet enced by Entergy) would be a "best case"; confirmation of the event could add 
a&iitional ti e to the assumed closure time. The team notes that accident experience, as discussed 
in Secti n 2.4, indicates that ruptured pipelines have taken minutes to hours to isolate, depending 
on the issue and whether valves can be remotely operated. 

Enbridge informed the team that these mainline valves on the 42-inch AIM pipeline near Indian 
Point were closer together {i.e., could isolate a smaller segment of pipeline) than required by 
regulations. The team obtained schematics s howing the location of mainline isolation valves near 
Indian Point. As has been stated in multiple other evaluations, the nearest remote-controlled valves 
to Indian Point are about 2.8 miles apart. The next closest downstream valve-which is also remote 
controlled-is about 5.6 miles downstream. The next closest upstream valve is associated with the 
Stony Point compressor station, about 2.5 miles further upstream. Based on the PHMSA team 
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member's experience, in some cases the pressure drop from a pipeline rupture may make it 
challenging to close the nearest valve to a r upture, and operators could need to close a further 
valve. The team concludes that the minimum unisolated pipeline length is about 2.8 miles. 
Depending on circumstances, the length could increase to about 5.3. 8.4, or 10.9 miles. 

As a result of these issues, the team recommends that Entergy reevaluate its assumptions on a 
three-minute pipeline isolation time and a gas volume based on approximately 3 miles of isolated 
pipe, as discussed in Section 2.6. The related OlG finding is also discussed in Section 5.1.5. 

2.2. Pipe Rupture Consequences - Overpressurlzatlon and Missiles 

Regulatory Guide 1.91 states that "[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 10-r, per year wh,en based on 
cons ervative assumptions, or 10·7 per year when based on realistic assumptions, is accef)table." 
i\dd itionally, the guide states that "[l) f this criteria cannot be met, then the a pplicant-may show 
through analysis that the risk to the public is acceptably low on the basis ·of the capa bifity of the 
safety-related structures to wi thstand blast and missile effects associated with deto nation of the 
potentially explosive materia I." 

In the 2014 and 2015 10 CFR 50.59 evaluations, •2 Entergy found that the frequency of a peak 
overpressure may be more than 10·6 per year, so a detailea eva luation was needed t o illust rate tha t 
the s afety-related structures could withstan d blast and missile effects. For missile effects, Entergy 
noted that 900 feet is t he gre,1test distance noted irr tl\e literature, whid1 is less than the distance to 
any plant systems within the SOCA. For blast effects, E:nterzy ca)tulated that a vapor cloud 
explosion would not damage important-to-safety SSCs within the SOCA. 

The NRC staff's inspection report•3 stated that: 

The staff determined that the impacts to the SSCs important-to-saJety outsid e the 
SOCA from t he proposed new pipeline are bounded by the impacts from low 
probability events of e,xtreme natura l phenomena (including seismic activity, 
tornado winds, and hurricanes) which have been previously assessed and a!l"e 
addressed in the Jnclian Point llnits 2 and 3 [updated l'SARs]. 

The team could not verify the assumption that the Umt 2 and Unit 3 updated FSARs bounded the 
impacts for missiles. Additional information on this assumption is provided in Section 5.2.2. 
However, for missiles, the team did find that the largest distance that a pipe has been thrown ls 600 
feet. (Accor,ding to PMfvlSA, the 900 feet reported by Entergy for one incident was an initial 
estimate by accid~at investigators, but the final established distance was 564 feet.) For 
overpressurization, th,e. team was not able to verify that there was no impact to SSCs required for 
safe ,ihu tdo1>Vn, A probabilistic risk assessment was done to delermine the increased r isk to the 
planf from a ~ipeline rupture. Section 2.5 provides more info rmation on this risk assessment. 

The team 1:e\iiewed a study on valve closure timings conducted by Oak Ridge National Laboratory 
for PHMSA. 1'he report notes that blast and overpressure effects were not evaluated because they 
occur immediately after the break, which could not be mitigated by different valve closu~e t imes.•• 
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2.3. Pipe Rupture Consequences - Jet or Cloud Fires 

Depar tment of Transportation regulation 49 CFR 192.903, "What definitions apply to this subpart?" 
defines terms including "potential impact radius." The potential impact radius "means the radius of 
a circle within which the potential failure of a pipeline could have significant impact on people or 
property." The equation included in the regulation is: 

r = 0.69~ 

In this equation, r is the potential impact radius (ft), p is the MAOP of the pipeline (psQ, and dis the 
pipe line diameter (in). This equation is associated with the heat-affected area,45 as described 
further in the notice issuing the rule46 and the technical basis provided in C-FER report-prepared 
for the Gas Research lnstltute.47 

Base d on the input from the team's PHMSA m ember and the team's interv'iew with a~ independent 
gas p ipeline expert, the potential impact radius is the radius for a person to get out of the area 
within 30 seconds a nd is not meant to be used to determine the SUJ,-Vivabihty of buildings. They 
recommended multiplying the calculated potential impact radius by 1.5 to 2 as a "rule of thumb" to 
determine a safe distance for buildings. This aligns with the Oak Ridge ational Laboratory report 
mentioned above,48 which evaluated the thermal impacts of double-end d guillotin e breaks and 
noted that severe damage could occur within 1.5 to 1.7 ti s the potential impact r adius. This also 
aligns with the risk assessment done by New York State, which referenced the Oak Ridge National 
Laboratory report as part of its basis for the area considered in e State's risk assessmcnt.•9 

Using this formula for the 42-inch, 850-psi gas pipeline at I dian Point results in a potential impact 
radius of 845 feet. Doubling this number results in an expanded impact radius of 1,690 feet. This 
radius would impact the area inside the SOCA- however, ·twould not impact any safety-related 
structures. 

Entergy found that at the SOCA fenc , heat fluxes would be below 10 kW /m2, and that the heat flux 
at 2,028 feet (a location inside ths OCA fen ce but not impacting safety-related syst ems) is only 
5 kW/m2.so 

NUREG/CR-333051 discusse.s the survi ability of reinforced concrete at various heat fluxes for 
vary ing points inside a wall, the closest point being six inches inside the wall. At Indian Point Unit 3, 
the diesel generatorJ;>uilding has the thinnest walls of all safety-related buildings at 24 inches.s2 
The thinnest point of'containment is 42 inches,53 and the thinnest point of the auxil iary building 
above ground is 30 inches.54 NUREG/CR-3330 notes that at a heat flux of 15 kW /m2, it will take 11.6 
hours for tem~erature at six inches inside the wall to exceed 350 degrees Fahrenheit (177 degrees 
Cels ius) andS hours if the heat flux was 50 kW /m2• 

The team's independent analysis based on calculations in NUREG/CR-3330 found that heat fluxes at 
the closest safety-related structure would be l1 kW /mZ for a mass tl'ow rate of1.940 kg/s. For a 
bounding flow rate of 4000 kg/ s, the heat flux would be 21 kW /m2• Even at the bounding flow rate, 
the p ipeline would not need to be shut off for over eight hours. Thls greatly exceeds the estimated 
tillle it would take for the gas pipeline to be shut off; therefore, the heat flux would have no impact 
on safety-related structures. An<1ppendix to the Sandia National Laboratories report (included as 
Appendix 8 to this report) presents this analysis in more detail. 

The team concludes that a jet or cloud fire would not impa.ct the plant's safety. 
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2.4. Historical Pipe Rupture Experience 

To provide perspective for the team's analytical results, the team obtained information from 
PHMSA's accident investigatio11 division 011 some actual pipeline ruptures, summarized in Table 1. 
While this was a relatively small sample, it provided important background information to tbe 
team. In the table, the "impacted area" refers to the di , tance away from the pipeline where 
investigators found impacts as a result of the pipeline rupture. Impacted areas are generally an 
ellipse with a length parallel to the pipeline (and longer in the direction that had more compressed 
gas available) and a shorter width perpendicular to the pipeline. Most of these impact~ were within 
or n ear the PiR, wit.h nune being further th,rn 1.6 times the PIR. As noted above, isolation times can 
be relatively long ii) certain circumstances, such as when valves need to be locally operated or when 
shutting off tho pipeline could have more significant consequences (e.g., for custom's WI\? need 
heating) than the fire. PHMSA staff stated that fires do not ignite in all cases, as both an arc and the 
correct atmosphere are needed to ignite the gas vapors. 

Table 1. PHMSA pipeline accident data showing pipe diameter and allowable pressure, calculated pot~fial impact radius, 
Impacted area, distance pipe was ejected, time to Isolate lite line, and duration o{r,i'#. "N\ ls sh~ere data was 1101 
reported, and "N/A" is shown where the event did not occur. 

' Pipe lmoacted Area Ripe Isolation Fire 
Ola. MAOP PIR Lengtf Width Ejected Time Duration 

Year Location (In.) (os l) (ft.) (ft.) (ft.} (ft.) fh:rnml (h:mml 
1985 BeaL1mont, KY 30 936 633 700 500 NR NR NR 
2003 Viola, IL 24 975 517 not reported (N R) 554 8::48 11:55 
2008 Appomattox, VA 30 800 585 566 200 N/A NR NR 
2010 San Bruno, CA 30 375 401 375 ~ 160 100 1:35 2:35 
2017 Dixon IL 20 800 ~ 3'.)0 365 ., 163 N/A 0:31 3:06 
2018 Batesville, OH 24 1440 628 so so N/A 0::00 1:04 
2018 Moundville, OH 36 1440 9'43 ~ 250 250 100 0:25 3:05 
2018 Hesston, KS 26 899 538 , 400 200 254 0:02 2:44 
2018 Buffalo, OK 26 765 496 110 60 170 1::09 N/A 
2018 Woodruff, UT 20 9.J.8 418 143 90 430 1:21 NIA 
2018 Dixon Snrin~s. TN 22 773--.. 422 30 20 75 0:38 NIA 
2019 Caldwell, OH 30 936 633 500 500 N/A 1:35 14:05 
2019 Mexico, MO 30 900 621 437 286 125 1:12 1:31 
2019 Hot Springs, AR. 30 1000 655 252 114 306 2:12 N/A 
2019 Danville, KY ~ ~ o• 936 633 704 645 600 1:52 3:07 
2019 Artesia NM ' no 1000 436 687 60 360 3:23 N/A 

l ' This expen ence, which is mostly from the last few years smce PHMSA formed its accident 
investigation div~ion, is generally consistent with earlier information included in the C-FER report 
refe renced above!ss The C-FER report collected information on incidents from 1969 to 1995 and 
compared ac 1al incident outcomes to the proposed hazard area model- which became the 
potential i!J)pact radius under 49 CFR Part 192. Figure 7 shows the comparison of distances that 
was includ·ed in the C-FER report. in all but one case, the potential impact rad ius was larger than 
the burn area or distance where any injuries was seen. Where the burn area was lar ger 
(NTSB-PAR-71-1), it was about 1.1 times the potential impact radius. 

Figure 8 shows four examples of pipeline ruptures, including those with and without fires. The 
elliptical nature of the most severe impacts is demonstrated in the two left-hand images, fire and 
debris damage can be seen in the bottom-right image, and a rupture crater is shown clearly in the 
top-right image. 
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The team discussed pipeline ruptures with t he PHMSA accident investigation staff w ho prepared 
the more recent data. The PHMSA staff confi rmed that, in their experience, that they had never seen 
explosions occurring away from the initial rupture site or any other damage outside the area 
damaged by heat or fire. Also, in thei r recollection, only one of these (San Bruno) occurred within a 
high consequence area, and pipeline construction contributed to that failure. 

2.5. Pipe Rupture Risk Assessment 

The N RC uses a variety of methods to determine the safety significance of postulated events. Two of 
these methods use the insights from probabilis tic risk assessments. One is the significance 
determination process,56 which uses risk insights, where appropriate, to help the N RC,,determ·ne 
the safety significance of inspection findings. The other is Regulatory Guide 1.174, "An l\pproa9h for 
Using Probabilistic Risk Assessment in Risk-Informed Decisions on Plant-Specific Changes to the 
Licensing Basis."57 

Both of these approaches use the metric of change in core damage frequency resulting from the 
situation to assess an inspection finding or a licensing basis change. These approa hes define a 
small change to be less than one in a million years (10·6) . The NRC uses !)le agency's independent 
risk models to evaluate the change in core damage frequency. The team!°'with suppo rt from experts 
at th e Idaho National Laborato1y, modified the Indian Poip t models to re~ect a pipeline failure and 
conducted a risk analysis. The team assumed that a piper c ~ ilure would cause an unrecoverable 
loss of the Buchanan switchyard and cause loss of the city water tank. Based on these analyses, the 
team fou nd that the change for both plants was an incr~ase of o"nc in 63 million yea-rs (1.6 x 10·8 per 
year), which is well below the agency's defined threshold for a "small" change in risk of one in a 
million years. 

Because of the uncertainty associated wilhtlre consequences of overpressurization from an 
explosion, the team also performed a sensitivity analysis. This analysis assumed that all equipment 
not in a seismic Category I structure (i.e., no•t located in the primary auxiliary building, diesel 
generator building, or reactor containment), was lost upon the pipeline rupture. The seismic 
Category I buildings are designed to withstand a pressure drop of 3 psi 58, and it is assumed that the 
overpressurization will not exceed t11· value. The team primarily evaluated Unit 3 for this 
sens itivity, s ince it is closer to tl\e 42-inch AIM pipeline and would experience more severe impacts. 
The change in core damage frequency for this scenario was one in 5.7 million years (1.75 x 10-7 per 
year). Again, this is be'9w the a~cy's threshold for a "small" change in risk of one in a million 
years. \ 

The team was concern\ d that PHMSA's data provided a national pipeline mileage that included all 
diameters of pipes, noSiust large pipes, which could be non-conservative if used to calculate an 
event.frequency The team independently reviewed publicly available data.59 Using the last ten 
years' worth f data, the team determined Class 2, 3, or 4 carbon steel transmission lines with pipe 
diamete~ gr\ ~ter than or equal to 20 inches and maximum operating pressures greater than or 
equal to 300 psig rupture with a frequency of 2.4 x 10·5 per mile per year. The team recalculated the 
change in core damage frequency using this higher frequency and concluded that the change in risk 
remained below the agency's threshold for a "small" change in risk. More information on the team 
ris k assessment and the PHMSA data can be found in Appendix C a nd Appendix D, rnspectively. 

The agency's independent models only consider reactor risk, so the spent fuel pools and the dry fuel 
storage location must be considered separately. The spent fuel storage pit for Indian Point Unit 3 is 
a seismic Category I structure and is designed for a pressure drop of 3 psi. Given this rugged 
construction, the concludes that a pipeline rupture would not negatively affect the spent fuel pit, 
though the surrounding building could be damaged. Indian Point Units 2 and 3 use t he Holtec 
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HI-STORM 100 dry cask storage system.60 The HI-STORM 100 dry cask storage system is also 
desi.gned for a pressure drop of 3 psi. The team also concludes that the dry fuel storage location, 
which is much farther from the 42-inch AIM pipeline than the other structures evaluated, would not 
be negatively affected by a pipeline rupture.61 

2.6. Recommendation - Ask Entergy to Revisit Its 10 CFR 50.59 Evaluation 

Although the team did not conclude that immediate regulatory action is needed regarding Indian 
Point, the team does recommend further work be done by Entergy to show that its p rior 
conclusions remain valid. Based on concerns raised by external parties and subs ntiated by 
the team, the team recommends that the NRC request Entergy under 10 CFR 50.~4(f) t 
submit updated information regarding the implications of the assumptio tha\ the 42-inch 
AIM pipeline could be Isolated within 3 minutes and the length of pipe that would be 
isolated. Entergy should either revisit its analysis applying an updated assumption or providing a 
basi.s for why the assumptions are not relevant to the conclusions previously P({sented. 

During the NRC's review of the October 2014 petition referenced in Section-.1.2.4) the petitioner 
raised a concern that Entergy provided inaccurate or incomplete information contrary to the 
requirements in 10 CFR 50.9, "Completeness and accuracy of information."62 ffhe pe titioner also 
asserted that the licensee may have violated 10 CFR 50.5, "Delibera~ misconduct."63 The 
petitioner's concern centered on whether it was appropr'at to model the 42-inch AIM pipeline 
being isolated in 3 minutes.64 To this day, the petitioner continues to assert that the Entergy knew 
that the isolation times were inaccurate and mate~ al to the NRG dctermination.6s 

For purposes of addressing the issue raised by the petition , deliberate misconduct occurs when a 
licensee voluntarily and intentionally (1) engages in condue that it knows to be contrary to a 
requirement, or (2) provides materially jnaccurate,,or incomplete information.66 Specifically, the 
requirements in 10 CFR 50.5 state, in reiha nt pa t, that licensees may not: 

Engage in deliberate misconduct tha t ~ ses or would have caused, if not de tected, a 
licensee or applicant to b"e in violation of any rule, regulation, or order; or any term, 
condition, or limitation of anx license issued by the Commission; or 

Deliberately submit to the NRC, a licensee, an applicant, or a licensee's or applicant's 
contractor or subcontractor, information that the person submitting the information 
knows to be incomplete or inaccurate in some respect ma terial to the NRC . 

... deliberate m·sconduct by a person means an intentional act or omission that the 
person kjows: .. Would cause a licensee or applicant to be in violation of any rule, 
regJi tion, or orcler; or any term, condition, or limitation, of any license issued by 
the Commission; or ... Constitutes a violation of a requirement, procedure, 
instruction, contract, purchase order, or policy of a licensee, applicant, contractor, or 

~ bco tractor. 

Similarly) o CFR 50.9 states, in relevant par t, that: 

Information provided to the Commission ... by a lice nsee ... shall be complete and 
accurate in all material respects. 

Since the licensee's initial and revised 10 CFR 50.59 analysis, as described in Section 1.2.1 above, 
additional information has been developed that questions Entergy's assumptions on pipeline 
isolation. Because some of these initial assumptions have had reasonable challenges to their 
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validity, the licensee should revisit its 10 CFR 50.59 analysis to verify whether its conclusion 
remain valid in light of this new information. 
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3. Conclusions Regarding 10 CFR 2.206 Petition 
In October 2014, a member of the public submitted a 10 CFR 2.206 petition regarding the new 42-
inch AIM pipeline near Indian Pont67 The petitioner requested that the NRC take enforcement 
action against Entergy for violating regulations at 10 CFR 50.9, "Completeness and accuracy of 
information," 10 CFR Part SO, Appendix B, "Quality Assurance Requirements," and 10 CFR 50.59. As 
part of the petition, the petitioner also raised concerns regarding the NRC's inspection, oversight, 
and the precise handling of several portions of his petition.68 In January 2015, the petitioner met 
with the Petition Review Board (PRB) and presented his concerns.69 Over the course of-Se~ ral 
months. the petitioner continued to supplement his petition with additional information and 
pursue additional insights through requests for agency documents. 

In April 2015, the petitioner received documents from the NRC that, in his view, sup~orted the 
petition's assertion that a material false statement was made with respe9t to En bridge's ability to 
close the AIM pipeline isolation valves in three minutes. During a July 20~5, PRB meeting, the 
petitioner and PRB discussed this additional information and agreed that th!,.petitioner would 
submit any remaining concerns in writing.7° Those 39 questions were s4bm1~ted lat er in July.71 ln 
September and November 2015, the NRC rejected the 2.206 petition and pr vided responses to the 
39 q uestions, respectively.72 

3.1.. Summary of the Current 10 CFR 2.206 Process 

The 2.206 petition process allows the public and other, interested stakeholders to request 
enforcement action against NRC licensees and license activities.73 Subsequent to the October 2014 
petition review described above, the process for reviewing O CFR 2.206 petitions was updated in 
March 2019.74 The current implementation.of the 2.206 petition process is establish ed in 
Management Directive 8.11.75 Addition I guidanc is available in a desktop guide.76 Overall process 
flowcharts from the desktop guide are reproducea as Figure 9 and Figure 10 of this report. 

Under most circumstances, a 10 CFR 2.206 petit10n review begins with a written request submitted 
to the EDO. The written request id ntifies the licensee, the activity, the enforcement action 
requested, and supporting evitlence.r.> 

Then, the N RC establishes a PRB to review the petition. The PRB is generally composed of a 
chairperson (a Senior Executi e Service manager), the office 2.206 petition coordinator,78 a petition 
manager, cognizant mana&_ement and staff, a regional representative (branch chief or higher), a 
representative fr.om the Office of Enforcement, and a representative from the Office of the General 
Counsel.79 The P or t e petition manager initially determines whether immediate action is 
necessary b sect on the safety or security issue raised by the petitioner; if so, the NRC pursues that 
action before ta ing further action to disposition the petition. If immediate action is not necessary, 
the PRB will prepare for an initial meeting that will include (1) a discussion of the safety 
significance, (2) a discussion of immediate a ctions taken ( or needed, if new information has arisen 
since the initial determination), (3) a recommendation concerning referral for investigation, and ( 4) 
a proposed schedule.so At the initial meeting, the PRB also assesses whether the pet ition meets the 
acceptance criteria in Management Directive 8.11, could be consolidated with other petitions, or 
shotUld be held in abeyance.81 

In d,etermining whether a petition should be accepted, the NRC first determines whether the 
petition specifies facts that s upport the requested action.82 Second, the NRC determines that 
petition does not raise an issue that was previously resolved in a facili ty-specific or generic review. 
If the issue had been raised before, the PRB must determine (to accept the petition) that the specific 
issue was not resolved, the resolution does not apply to the current facts, or the pet ition provides 
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significant new infonnation tt:• that was not previously considered, After evaluating t he petition 
agai nst the acceptance cri te ria, the PRB wiU inform th,e petitioner orits assessment prior to a 
meeting and offe r the petitioner an opporttllllty to meet witl1 the PRB.84 

Should the petitioner decide to meet with the PRB, the meeting will normally be conducted as a 
pub lic meeting.8< The meeting is an opportu11ity for the petitioner to provide any r eleva1i t 
additional explanation and support in light of the PRB's initial assessment. During the petitioner's 
presentation, the PRB 1nemhers may <1sk questions to help clarify the assertions and concerns. 'fhe 
licensee is invited to participate buL does not formally present. 

After considering any new information, the PRB will make an initiaJ determination t o either accept 
or reject the 2.206 petition. If the petition is rejected (as was the case for the Oc;tobe r 2014 pet_ition 
discussed above), the PRB Issues a closure letter to the petitioner that explains why the petition 
was not accepted, acknowledges the petitioner's efforts in bringing issues to the sta f s a~ ention, 
explains any immediate actions taken, notifies the petitioner if the issue I being re5 red to another 
NRC program or process, and responds to the issues raised in the petitioner's re ue s .86 lfthe 
petit ion is accepted, a let ter is sent informing the petitioner, and the p tition~ w proceeds to a 
Director's Decision.87 On its own initiative, the Commission may review fhepirector 's Decision 
with in 25 days of the date of the decision.BB \.) 

3.2. Observations on October 2Oj,4 Petition Review 

In his October 2014 request for enforcement action a ainst Entergy, the petitioner asserted that 
Ente rgy's assumption regarding the time to isolat the new 42-i,nch natura l gas transmission 
pipeline was mistaken.B9 He further asserted that the gene);' should not have accepted this 
3-minute closure time and that Entergy knew the information was materially inaccurate or 
incomplete. The petitioner also challenged t licensee's and NRC's use of the Areal Locations of 
Hazardous Atmospheres (ALOHA) modelin~ software to model a postulated pipeline explosion,90 

The petitioner also raised concerns regarding the use of Regulatory Guide 1.91 and what he viewed 
as the staffs deviation from the guidance, The pe ition also questioned the quality a ssurance 
process used by the agency fo its alysis o f the AIM pipeline hazard. 

During the NRC's evaluation of the petit io n, the PRB met with the petitioner twice to discuss the 
und,erlying facts, and the petitioner's concerns. Ultimately, the PRB determined the petition could 
not b e accepted be ause the NRC had previously evaluated the concern,91 To reach that conclusion, 
the PRB request ed t chn'ca staff to conduct additional analysis.92 The additional analysis was not 
thoroughly documented (Figure 11 and Figure 12 in this report are examples of handwritten 
sketches and resi:i.ts), As a result, the results were difficult for the PRB to review or verify, as 
indicated in int~ iews conducted by the team. 

The team observes that the timing of the petition closure appears to be unusual, with the petition 
rejection occ\l ring in September 2015 while the petitioner still had questions and concerns 
outstanding,.ffhe PRB promised to provide a response to his concerns at a later date and did so in 
Novemben 2CJ15. The team notes that the petit ioner was planning "drop-in" meetings wi th 
members of the Commission93 in September 2015, so there may have been urgency to resolve the 
petit ion.The PRB promised to provide a response to his concerns at a later da te a nd did so in 
November 2015. 
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3.3. Team's Conclusion on 10 CFR 2.206 Petition Review Decision 

Based on the guidance that was used to conduct the 10 CFR 2.206 petition review, the team 
concludes that the PRB appropriately dispositioned the petitioner's concerns. UnMr that 
guidance,94 a petition could be rejected because: 

The petitioner raises issues that already have been the subject of NRC staff review 
and evaluation either on the cited facility, other plant facilities, or on a generic basis, 
for which a resolution has been achieved, the issues have been dispositioned, and 
the resolution is applicable to the facility in question. 

The PRB's evaluation that the petitioner's concerns had been resolved in a prior staff review 
(i.e., the inspection report) met the criterion for rejecting a petition. The team's ana\ysis, discussed 
in Section 2, provided additional information that supports the previous conclusions by Entergy 
and the NRC. The team does not recommend that the NRC reopen the 10 .FR 2.206 p~tition. 

Nonetheless, the team observes that the PRB process could have been n;iore rigor us, questioning, 
and well-informed about prior agency reviews. The OIG Event lnq iry identified som e areas of 
concern with respect to the agency's analysis and communications with he petitioner. 
Recommendations to improve the 10 CFR 2.206 process are presented in Section 4.3. 
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4. Conclusions Regarding NRC Processes 
During the review of the safety analysis, the 10 CFR 50.59 inspection, and the 10 CFR 2.206 petition, 
the team identified processes that could be improved. Four concern internal NRC processes and 
procedures, and one concerns NRC interactions with outside entities. For the four internal issues, 
the agency should (1) improve certain NRC technical work products, including peer reviews; (2) 
clarify guidance for regional inspection support by headquarters; (3) improve and clarify the 
10 CFR 2.206 petition review process; and (4) update guidance for pipeline hazard analysis. In 
addition, a procedure should be developed to guide coordination between the NRC a~d other 
agencies to ensure clear documentation, communication, and consideration of agency needs. 

4.1.. Recommendation - Improve Certain NRC Technlcal Wo 
Including Peer Reviews 

In March 2020, NRR revised its office instruction ADM-405, "NRR Technic I Wo k Product Quality 
and Consistency."95 This office instruction provides guidance for technical ork products to meet 
expectations for quality. It specifies when peer reviews should be onducted, the qualifications for 
staff performing per reviews, the time and effort needed to perform an pe3uate peer review. and 
how to resolve peer review comments. The team identified these areas as weaknesses during 
interviews with those involved in the peer r eviews of the RC analyst's two main calculations. It 
appeared that the reviewer was identified almost by acci<lent and was given litde direction on what 
was expected. The resulting reviews were brief and, in the first instance, much more focused on the 
licensee's work than the analyst's given the responsibility of the licensee under 10 CFR 50.59. 

The NRC staff and supervisors interviewed by the team uniformly expressed a lack of familiarity 
with the previous versions of this office instruction. Therefore, the team recommends that the roll­
out of the new office instruction have a robus communication plan to ensure that technical staff 
and supervisors are familiar with the requirements. The team observes that training slides have 
already been prepared to accompany the issu~e of the guidance.96 The team recommends that 
NRR consider how this gui~nce will be re inforced for new staff or supervisors who did not 
participate in training whent he guidance was updated. The team also notes that this guidance 
is specific to N RR. Other offices may want to cons ider whether their peer review procedures 
provide for appropriate scope, process, and qualifications. The agency should consider 
implementing continuing training requirements for branch chiefs, other supervisors, and 
senior leaders on t chnl al wol'k product quality and consis tency. The continuing training 
requirements would ensure consistent work across the agency and supervisors. It would support 
NRC leader as they traQsj.tion to new positions and may become responsible for independent or 
confirmatory analysis. Y 

The team also o~ rved more generally that some of the challenges it documented in this report 
resulted froi the NRC's decision, on multiple occasions, to conduct detailed analyses that required 
the NRG analyst to make critical assumptions. This approach appears to be unusual during 
inspections or petition reviews. Confirmatory analyses can be useful or even essential in supporting 
NRC decisions, if they are properly documented. When staff are faced with unusual or complex 
situations, however, conducting a confirmatory analysis may cause confusion. Conducting a 
rigorous and well-documented review of the licensee's work, or comparing a licensee's results to 
simpler rules of thumb, may be preferable. The team recommends that the NRC give staff better 
guidance on when confirmatory analyses are necessary or appropriate. 

Finally, the team observed that the ways the NRC staff documented their analyses opened the door 
to later challenges. For example, calling an assumption "conservative" or "bounding" can be refuted 
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if others' calculations yield different results. It may be advantageous to make realist ic or reasonable 
assumptions and document the basis a ppropriately. In addition, some important analysis 
documents are undated or do not designate who conducted the analysis. This makes follow-up 
questions related to these documents very challenging. Additional discussion on documenting 
decisions under the 10 CFR 2.206 process is provided in Section 4.3.4 below. 

4.2. Recommendation - Clarlfy Guidance for Regional Inspection Support by 
Headquarters 

The analyses that became the focus of the OIG Event Inquiry originated in a request for tee 
support from Region I. The regional inspection staff knew that this particular 10 CF R • 0.59 
evaluation would be of high interest and made, in the team's view, an appropriated cislon in 
selecting it as a sample for their baseline "modifications" inspection. The onsite inspections and 
docu ment reviews appear to have been thorough and reasonable. Furthermore the team views 
favorably the region's decision to request technical support from headquarters bJ help review the 
licensee's unusually complex 10 CFR 50.59 evaluation. 

The weakness of the inspection, in hindsight , was that Region I did not i;lociwient its request for 
headquarters support through a document s uch as a Task Interface Agr&ern'cht.97 The relevant 
office instruction clarifies when such agreements are suitable and when an informal teleconference 
or email would suffice.98 While the full Technical Interface Agreement process may not be 
warranted in all cases when inspectors need technical support, the team finds that better 
explanation and documentation would improve o tcomes. 

Inspectors should give technical experts supporting inspect'ons appropriate context to support 
their review. The team heard from multiple individuals<tllat inspectors focus on whether the 
licensee violated regulations and whether significant issues are found in the licensee's work. 
Inspectors are not reviewing and endorsingcall aspects of a licensee's work. (In the case of a 
10 CFR 50.59 inspection, the conclusion is whether the licensee appropr iately determined that no 
prior NRC review is needed.) Thi approach contrasts with licensing reviews, in which NRC 
technical reviewers make an affirmative finding that an application or request meets requirements. 
Technical experts who are used to one approach may need orientation before using a different 
approach. 

Inspectors should d cument s ecific focus areas for technical experts supporting inspections. The 
inspector may want pose specific licensing or technical questions. The inspector may also have 
identified concer~s or uncertainties with specific aspects of a licensee analysis that should be 
checked by confir1nato~ calculations. Reproducing a full licensee analysis is likely n ot necessary to 
make the conclusions expect ed during an inspection. The inspector should define the expected level 
of effort, time frame, and response format at the beginning of the activity. 

Therefore, th team recommends that the NRC develop guidelines and good practices for 
inspectors a d technical experts to use in arranging formal and informal technical support. 
Such guidelines would also be referenced whenever technical support is needed, so, that the 
inspector and the technical expert can reach agreement on expectations. 

4.3. Recommendation - Improve and Clarify the 10 CFR 2.206 Petition 
Review Process 

The team identified several areas where the 10 CFR 2.206 process should be further enha nced, as 
described in the subsections below. These enhancements should be included in the next update to 
the p rocess guidance (either the Manageme nt Directive or the desktop guide). 
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4.3.1. Modernize Petition Review Boards 

The team recommends that PRBs be improved by designating standing members for certain 
roles. Under the current process, membership in PRBs is a n a ncillary duty for each participa nt. PRB 
members interviewed by the team said that PRBs do not always have the expertise, ownership for 
the p rocess, or the experience to effectively manage and tailor the process to the petition's 
underlying facts. 

Under the current process, a PRB is established for each petition. For example, the PRB chair 
rotates through senior managers from the appropriate office. This rotation ofleadersnip and 
participation can mean that leadership and staff do not develop a deep understanding of the 
process. This may result in some PRB members feeling bound by the process andunlikely to 
challenge assertions or exercise the appropr iate questioning attitude. 

The ancillary nature of the responsibility ca n make the petition process less efficien ~ discourage 
process improvements, and potentially suppress a questioning attitude. Efficiency is particularly 
harmed if PRB members are conducting the process for the first tire relea nin~ the process after 
a long time. This may result in a focus on applying the process that discourages departures even 
whe n warranted, if PRB members cannot judge why certain procedures are~n place and when 
procedures should be modified or are unnecessary. PRB members may not-raise issues if they are 
concerned about being the lone holdout preventing othe,, from returning to their main 
responsibilities. 

4.3.2. Provide for Independent Petition Reviews 

The team recommends tha t PRB members and support taffbe indepe ndent from a ny 
previous substantive work on the issuen aised In the petition. As noted above, one cr iterion 
for rejecting a petition is that the issue raised y the petitioner has been previously resolved on a 
facility-specific or generic basis. The desktop guide states that "(o]ffice management should avoid 
potentia l conflicts of interest when assigning staff and a chair to the PRB."99 Several staff members 
associated with the review of the October 2014 petition were involved in the recently completed 
inspection of the licensee's 10 CFR 50.59 evaluation. This included the technical reviewer a nd the 
petition manager. The guidance and pr cess applicable to that petition did specify that conflicts of 
inte rest should be avoidecl. It, however, did stress the importance of conducting an independent 
tech nical review.·10~ 

In this case, the technical revi wer was effectively tasked with determining whether the issues 
raised by the petitione had Ileen previously resolved through a facility-specific review. The 
petition was ultimately i:lispositioned based on a previous resolution that relied on the previous 
work oftl e technical reviewer. Because he was tasked with reviewing the petitioner's assertion, he 
faced an ihtractable problem. If he determined that the petitioner raised a valid issue, he would 
have ad to c\_etermine that he erred in his earlier work. Simultaneously, the petition manager also 
served as the/i icensing project manager for Indian Point Units 2 and 3. He also would have had 
some fami!iarity with the licensee's 10 CFR 50.59 analysis and the NRC inspection. He, also, would 
have needed to determine that his prior involvement had failed to identify a problem with the 
licensee's actions. 

This petition review also exposed that for certain skill sets, limited expertise is available internally 
to the agency. This weakness limits the agency's ability to assign staff as peer reviewers of agency 
calcu lations and independent reviews of agency decisions. The team's views on peer reviews are 
presented in Section 4.1. 
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The lack of independence and depth may cause concerns among petitioners, members of the public, 
and other interested stakeholders. Petitioners may remain concerned that petition reviews are not 
sufficiently rigorous. Licensees may worry that a n issue will be raised over and over, occupying 
increasing resources and time by the NRC. 

In the future, the NRC should ensure that the PRB members and support staff are independent of 
any previous facility-specific or gener ic disposition of the issues raised in the petition. 

4.3.3. Take a Graded Approach to the Detall of Petition Reviews 

After reviewing the events for this petition and interviewing many of the members and pa ticipants 
in this PRB, the majority believed that the petition should have been accepted and Rroceeded o a 
Director's Decision. Most, however, indicated that at the time it was difficult to unde stand how 
much additional work and analysis the staff was contemplating. The process proceei ed ·teratively 
with the petitioner supplementing his petition and seeking further infor\Y'ation from th staff. As a 
result, the PRB may have perceived at each iteration that only a little extr-a work was needed. In 
hindsight, the PRB performed a significant volume of work to detei mil th Nhe petition would not 
be accepted. 4 

During the team's evaluation, a theme developed with respect the staff er eption of the 
10 CFR 2.206 process and the level of effort required for different aspects. The staff considers the 
work necessary to effectively participate in the 2.206 pemtion process to be considerable. That level 
of effort increases if a petition is accepted and proceed, to the Director's Decision. Despite this 
additional effort, a prior NRC staff analysis found hat many 10 ~FR 2.206 petitions are accepted 
and do r esult in NRC action, even if the specifi c actions re:.Jested by the petitioner a re not taken. 101 

The team recommends that PRBs adol'n1 graded approach to the detail of review conducted 
at each petition review stage. If a PRB {1eeds new analysis or lengthy discussions to decide 
whether to accept a petition, the petition sh,oula be accepted and that work should be done in 
preparing the Director's Decision. This approach iould support proper documentation of the 
analysis, as discussed in the nexN.ection, and professionalizing PRBs, discussed earlier, would limit 
individuals' perceived disincentives. 

4.3.4. Document Analysis Supporting Petition Decisions 

The team recommends that--any analysis or calculations used to support a 10 CFR 2.206 
petition decision s oul be rigorously documente d. This documentation is even more 
important when it is rehed on in a decision to reject or deny a petition. 

In the case of the October 2014 petition, the calculations used by the PRB to make its decision 
appear to consis of print-outs of ALOHA runs and hand calculations, with only one analysis being 
documented in a s ort undated s ummary that included scanned sketches and handwritten notes. 
These calculat'ons appear largely to have been retained only by the technical reviewer, who 
provided his only copy to the OIG during its event inquiry.102 Because these calculations formed the 
basis of the PRB's justification to reject the 10 CPR 2.206 petition, they should have been more 
formally captured and made publicly availab le where possible. When shared with th e PRB, Federal 
records requirements would have also applied to what may formerly have been personal notes. 

Calculations need to be appropriately performed, documented, and reviewed. The work needs to be 
retained in a retrievable form and drafted in a manner that would support a full understanding of 
the calculations that were performed, including any assumptions and engineering judgment, and 
make the work repeatable. 
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4.4. Recommendation - Update Guidance for Pipeline Hazard Analysis 

The team recommends that the NRC review and update Regulatory Guide 1.91 t o address 
several technical issues that the team identified and to enhance the review process for 
pipe line hazards. Regulatory Guide 1.91 was updated in 2013 to reflect gas pipeline hazards for 
the first time, based on approaches that the NRC staff had previously found acceptable. Regulatory 
Guide 1.91 should be revisited in an independent review to ensure its guidance reflects generically 
acceptable approaches for evaluating gas pipelines near nuclear power plants. The team has 
identified several specific technical issues in the following paragraphs that should be considered. 
The team reviewed other licensee or applicant analyses that referenced Regulatory Guide 91 and 
found that, in general, bounding assumptions were made. The team considers that those 
conclusions would.likely still be valid eveo if Regulatory Guide 1.91 were upd~ ed to accoi.nt;,for 
these issues. 

As d iscussed in Seotion 5.1.6 of this report, Regulatory Guide 1.91 provides a formula.to calculate 
the minimum safo distance by evaluating a potential explosion at thcsourcil based on the amount of 
explosive in terms of t1•initrotoluene (TNT) equivalent. Beyond the mirtjmum Safe distance, no 
adverse effect would occur. That safe distance is proportional to the cube root of the mass of the 
explosive in the equation (in this case, the mass orflammable gas vapor,released). Regulatory 
Guide 1.91 assumes equipment failures at specific levels of overpr,essure (1 psia). The guide 
recommends a detailed analysis if this safe distance cr1terio11 is not inet. the guide out provides no 
suggestions for how this analysis shonld be conducted, As dis~lssed in Sections 2.2 and 2.3 
presented in more detail in Appendix B, detailed calculations conducted by Sandia National 
Laboratories raised concerns with some of the assurnptfons made whe11 considering vapor cloud 
explosions, particularly buoyancy and dispersion. The team recommends that the NRC provide 
clearer expectations for the detailed calc latlpns t,batwoulcl be conducted if the safe distance 
criterion is not mel 

A key element in these calculatioll5 is the mass of gas released following postulated pipeline 
rupture. The team ohserved a sigr1i~cant disparity in the csikulated potential impact distances 
when different assumptions were llSed (e.g., how to account fo1· the duration of gas release, the 
affected pipeline length, and the use ofa yield factor as listed in Table 1 of the regulatory guide}. 
The current revision ofR •gulatory Guide 1.91 does 11ot provide clear guidance for d etermining the 
mass release. Different people can use the guidance and get very different results. Therefore, more 
guidance is needed on what assumptions should be made when determining the values to be used 
in the Regulatory Guide 1.91 formula. 

The comment response-associated with the draft Revision 2 to Regulatory Guide 1.91 discusses 
how the guide was-changing from mass equivalence to energy equivalence and states that an 
energy equivalc'nce.,(yield) "between .20% and 40% is recommended for hydrocarbons,"H'3 The 
comment res()onsl then goes onto to state that since the guide is not only for hydrocarbons, so 
values between 5 percent and 100 percent are recommended. This additional detail on appropriate 
yield valu s would be a beneficial addition to the guide. The team also noted that Reference 9 of the 
guide does not include information about different classes of unconfined vapors and recommend 
more guidance be added on how vapors should be classified. 

In addition, the team recommends updating the TNT-equivalent equation in Regulatory Guide 1.91 
to revert to the 4500 kj/kg value that had been included in the dra~ Revision 2, as discussed below 
in Section 5.1.6. 

Finally, Regulatory Guide 1.91 provides no guidance on heat flux, which is the subject of 
Department of Transportation regulations and, to some pipeline experts, is the controlling issue for 
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nuclear power plant impacts. This aspect should be addressed in an update to Regulatory 
Guide 1.91. 

4.5. Recommendation - Formallze Coordination with Other Agencies 

4.5.i Documentation of Coordination 

The team recommends that the NRC improve documentation of its interactions with other 
agencies, particularly when NRC expertise or decisions will be cited by the other agency. 

As noted in Section 1.2.3, the NRC shared the results of its 10 CFR 50.59 inspection With FERC staff 
in an October 2014 teleconference.10• The team interviewed several staff that the Q:RC had 
identified as participating in that meeting. Only one recalled the teleconferenCf:![in all( de~ail. :P,is 
recollection was consistent with the OIG Event Inquiry statement that the NRC, did ot provide 
calculations to FERC but talked them through the inspection report." The tea reac clout to the 
FERC and found that the FERC engineer who participated in the meeting had left the agency and the 
environmental contractor was no longer under contract. Also, the tea~·s interviews with NRC staff 
indicated that the NRC licensing project manager for Indian Point had ~ ditional informal 
telephone conversations with FERC representatives, though the team copld not find documentation 
of these conversations and did not interview the now-retired project manager.105 

The team, therefore, was able to develop its views on the i'IRC-FERC interactions based only on 
what is in the public record. The NRC appea rs not to have provided any formal correspondence to 
the FERC beyond the September 2014 comment~ the cl raft environmental impact statement. The 
OIG Event Inquiry states that "two FERC headquarters-based engineers assigned to the AIM Project 
revealed that FERC used NRC's November 7, 2014, inspection report for its [environmental impact 
statement] and FERC's Commission relieffiavily on NRC's expertise to determine if [Indian Point] 
could be safely shut down in the event of a pi eline accident, for approval of the portion of the AIM 
Project that crossed (sic] (Indian Point] property. 106 

It is unclear whether the NRC P,r tded any regu1atory context for its review to the FERC in the 
October 2014 teleconference,. The team views that the FERC would have benefited from a clear 
und,erstanding of what findings Entergy was making in its 10 CFR 50.59 analysis, what findings the 
NRC was making in its ins11ection report, and how those findings differed from what might be done 
in a full licensing r view. Tli RERC could also have benefited from a richer understanding of the 
analyses of the pree istlng pipeJtnes (which. were mentioned in the October 2014 teleconference). 

The team is ot,suggesting that FERC would have made different conclusions based! on this 
information, but the NRC and FERC positions would have been clearer and better documented. 

4.5.2. Formallzatlon of Coordination 

The team rec mmends that the NRC clarify guidance for when it should participate as a 
cooperating agency in other agencies' environmental reviews, as well as how it should 
engage with Federal or state agencies more generally. 

The NRC policy for intergovernmental consultation 107 applies to "major interagency agreements, 
major organizational changes, major rules and regulations, statements of policy, guides, and 
standards, and major studies that may have a significant State or local impact." It specifically 
excludes "[c]onsultation with state officials and Federal agencies on individual licensing and 
enforcement decisions." The team did not identify guidance applicable to the NRC-FERC 
interactions described in this report 
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For its own environmental reviews, the NRC considers during the scoping period whether there 
should be cooperating agencies. 100 Based 011 discussions with the environmental center of 
expertise, the team found that a memorandum of understanding is usually developed to describe 
the respective responsibilities. jurisdictiona l authorities, and expertise of each agency within the 
context of the applicable review. The memorandum also establishes a schedule and deliverables for 
the NEPA review. The NRC's document database includes multiple formal letters between the NRC 
and other agencies, inviting one party or another as cooperating agencies and accepting such 
invitations. For example, the NRC and the U.S. Army Corps of Engineers executed a memorandum of 
und,erstanding in 2008 that establishes the Corps as a cooperating agency for NRC environmental 
reviews related to the issuance of authorizations to construct and operate power reactors. 09 

No such formality appears to have been applied to the FERC review of AIM pip line. As noted in 

Section 1.2.3, the NRC declined to be a cooperating agency in FERC's environmental eview and 
communicated this decision in an April 2014 teleconference between th1 FERC and RC 
environmental and intergovernmental liaison staff. It is unclear what th\ basis for th NRC's 
decision was. In an interview with the team, the manager responsible for the intet~overnmental 
liaison function at the time did not recall the exact reason but suggested that t~RC may have 
wished to focus on plant impacts rather than getting involved in the enviro mental impacts of the 
pipeline. The team observes that a more formal coordination such as a memorandum of 
understanding or cooperating agency status could have prompted 60th agencies to engage in the 
formal communications recommended in the previous section. 

Therefore, the team concludes that additional gui~ncc for interadions with both Federal and state 
agencies on specific matters would be beneficial to the NRC staff. The State Agreement and Liaison 
Programs Branch in the Office of Nuclear Material Safety ai d Safeguards may already have 
resources that would be helpful in this area. Additional lnformation on cooperating agency 
activities can be found in the "One Federal Decision" memorandum of agreement for environmental 
reviews.110 
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5. Review of Key OIG Findings 

5.i. Key Findings Related to NRC Analysls 

The team reviewed key aspects of the OIG findings related to prior NRC analyses as described 
below. Many of these subjects are also addressed elsewhere in the report, but they are collected 
here for ease of reading, with cross-references to other sections. 

5.1.1. Was use of ALOHA Inappropriate? 

The "Findings" section of the OIG Event Inquiry stated that "NRC's underlying indepe~ ent j alysis 
was conducted using a computer program that the National Oceanic and Atmospheric 
Administration (NOAA), which developed the program, said it was not designed for.' OIG a s noted 
that the staff did not conduct a verification and validation of the ALOHA code. 

ALOHA performs calculations for chemical source terms and resulting do nw1 11 concentrations. 
Source term calculations determine the rate at which the chemical material is released to the 
atmosphere, r elease duration, and the physical form of the chemical up°( re leas . 

The ALOHA code allows for modeling the accident scenarios for gas rele~se rom a pipe source. The 
pipe source configuration represents gas discharges from a long pipe either (1) connected to a very 
large (infinite, for analytical purposes) reser voir or (2) isolated at'i'ts unbroken end. The analyst 
must specify a gas temperature a nd pressure are s1e1 ed, along with pipe length and diameter and 
whether the surface is smooth or rough. 4 J 
ALOHA uses the pipe length to predict the discharge rate from a ruptured pipeline. The length-to­
diameter ratio of the pipe must be at least 2 00. The rupture area may be a size up to the cross­
sectional area of the pipe. 

ALOHA can model two different types of scenarios for a gas pipeline failure. The two types of 
scenarios differ in the state oft 1e unbroken efi._d. For the isolated scenario, a finite a mount of gas is 
in the pipeline section. As gas i discharged at the broken end, the pressure drops, and the 
discharge rate slows over time. The release occurs over a finite time. For the infinite-reservoir 
scenario, pressure and dischafge rate remain essentially constant, and the release occurs for an 
indefinite time. 

In us ing ALOHA, the source duration is specified as either instantaneous or continuous. A 
continuous release refers to any duration lasting longer than a minute. ALOHA assu mes an 
instantaneous release t last one minute. For an instantaneous release, the total quantity (mass or 
volume) released into the air is the residual gas mass in the pipeline (i.e., until the finite length of 
pipeline is emptied). For a continuous release, the mass or volumetric release rate is specified as 
well as the duration in minutes. The allowable input range for the duration is between 1 and 60 
minutes ALO A calculates time-dependent release rates for up to 150 time steps. ALOHA then 
averages the release rates from the individual time steps over one to five averaging periods, each 
lasting at least one minute. The five averaging periods are selected to most accurately portray the 
peak emissions. ALOHA provides several results, including a 1-minute maximum release rate of 
mass and a total release of mass. 

Based on its review of the above discussions, the team agrees with the OlG comment that ALOHA 
does not have the capability to model the scenario of manual closure of the isolation valves within 
3-minutes. In addition, ALOHA cannot directly model a double-ended break where the pipe has 
broken in the middle and is leaking from both broken ends. The model can calculate the release 
from one side of the pipeline, but not both sides together. In addition, ALOHA does not model 
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supercr itical flow which is applicable to this pipeline rupture release scenario. The,efore, the t eam 
agreed that there a re concerns with using the ALOHA model to assess the Indian Point postulated 
pipeline rupture scenario. With support from experts at the Sandia Nat ional Laboratory, an 
inde pendent analysis was performed to assess the postulated 42-inch pipeline rupture scenario. A 
summary of that analysis result was provided in Section 2 of this report. 

5.1.2. Was the correct area analyzed? 

The "Findings" section of the OIG Event Inquiry stated that "the majority of NRC's independent 
analysis described the impact of a potential rupture on an above ground point on [In<;lian Point] 
property that NRC believed presented the m ost credible risk due to its exposure; how ¥;r, 
ultimately the as-built 42-inch pipeline does not come above ground anywhere on [! ~ iat Poj tl 
property but does traverse the [Indian Point) property." 

During multiple interviews with the review team staff, the analys t state~tha he per ormecl 
calculations for breaks postulated at two locations on the 42-inch pipeline: (1) at the above-ground 
"tie-in" east of Indian Point and (2) an underground middle section at tl' e closest location to safety• 
related SSCs on site. The analyst also stated that he presented the results of the-first case in his 
repo rt, because he determined that it was the bounding case for assessing tire postu lated pipeline 
failure at Indian Point site. 

The team determined that these locations were appropriate for evaluation. The difference between 
below-ground and above-ground breaks would not alter the effects of the pipeline explosion 
according to the team's PHMSA member and the team•~ in tervie with an independ ent gas pipeline 
expe rt. Additionally, the change in location w as 21 feet, which would not have altere d the 
conclusions of either Entergy or the NRC ana lyst. 111 

The team observes that the N RC did no~ pect or reanalyze the 2015 revision to Entergy's 
10 CFR 50.59 evaluat ion. Since the change was re atively minor, the team considers: that this would 
gene rally be a reasonable approach, enabling staff to focus on more significant change. In this case, 
however, since Entergy submitted the change at the peak of the NRC activities regarding the 
10 CFR 2.206 petition (including reanalysis). it would have been helpful to review and document 
the change for completeness. 

5.1.3. Were analyses documented properly? 

The "Findings" section of the OIG Event Inquiry stated that managers had "differing understandings 
of t he assum tions an factors driving the a nalysis" and that the analyst "did not have a basis" fo r 
engineeripg judgments and "did not docume nt a basis or a methodology in [the analyst's] report." 

The analyst do umented his original calcula tion in October 2014, a nd Region I used it as a feeder to 
the fnspection re ort issued in November 2014.112 The analyst assumed a pipe rupture equivalent 
to th e diameter of the pipe at a maximum operating pressure of 850 ps ig. The pipeline rupture was 
assumed to occur at the far end of the pipe Ii ne where the pipeline rises above ground level, 
releasing ~he full volume of gas within the 3-mile length of pipeline between the nearest isolation 
valves. Also, the analyst assumed that the isolation valves would be closed in 3 minutes. The ALOHA 
calcu lation for this scenario resulted in a maximum sustained methane release rate of 
256,000 lb/min and estimated a total releas e amount of 354,651 pounds averaged over 9 minutes. 
The analyst assumed the maximum release o ver 1 minute (256,000 pounds of meth ane) and 
determined the TNT-equivalent (WTNr) amount with a yield factor of 0.05. By using the Regulatory 
Guide 1.91 formula, the analyst determined that the minimum safe distance-beyond which there 
would be a less than 1 psi overpressure- was 2351 ft. The analyst noted that the pipeline at the far 
end above ground is located 2988 ~ from the nearest safety-related SSCs within the SOCA. ln 
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addition, the analyst noted that some SSCs designated as important to safety outside the SOCA were 
closer to the pipeline than 2351 feet, so those SSCs may experience greater than 1 psi overpressure 
and would be impacted. Furthermore, the analyst noted that a detailed discussion of the impact of 
these important-to-safety SSCs. which was reviewed by NRC inspectors. is included in the licensee's 
August 201410 CFR 50.59 evaluation. 113 

Subsequently, during the 10 CFR 2.206 petition review, there were concerns about whether remote 
pipeline operators would be able to recognize that a pipeline rupture occurred and then take timely 
actions to close the nearest pipeline isolation valves within 3 minutes. As a result, the analyst 
performed additional ALOHA modeling was performed as a sensitivity study to determine the 
significance of valve closure times.114 (Section 4.3.4 of this report provides additional inform tion 
on the documentation of these calculations.) The original scenario, modeled as discussed in the 
paragraph above, assumed a maximum 1-minute release in determining the minim 111 safe distance 
and the potential heat flux due to a jet fire. In the infinite-source scenario, the analys~ assumed that 
the pipeline isolation valves do not close and gas continues to flow, as if there was an infinite 
source, for 60 minutes. The analyst stated that the maximum calculate~ relcase o( natural gas 
determined by the ALOHA model for the infinite-source scenario @ Iy) lightly l@ried from the prior 
analysis, and the calculated results were marginally changed. The aistance ~\at would be subject to 
a 1 psi overpressure increased, but the distance remained lower than the d1sfance to the most 
limiting SSC inside the SOCA boundary. Therefore, the anal_xst concluded that pipeline isolation 
valve closure times were inconsequential. He continued to s pport the original conclusion that the 
42-inch AIM pipeline at the Indian Point site does nonr present an undue risk and t hat the pla nt 
could safely shut down following a postulated pip-.J ine rupture. 

The team noted that the analyst stated that it was conserv~ ve to use the 1-minute maximum gas 
release rate (rather than total mass releasea over the assumed duration) from ALOHA for both the 
3-minute scenario and the 60-minute infinite-source scenario. However, the analyst did not provide 
a documented technical basis to justify the conservatism of that assumption. Therefore, the team 
was not able to confirm the validity f the anaJistls conclusion that the pipeline closure times only 
minimally changed the peak overp ·essure calculation and the heat flux calculation. 

5.1.4. Were plpellne enhancements credited appropriately? 

The "Findings" section :ra,c OIG Event Inquiry referenced statements by managers that suggested 
"backwards engineeril:!g" occurred when pipeline enhancements were increasingly credited and 
that the "use of credit for enhanced piping was inappropriate." 

During multiple· terviews with the team, the analyst stated that he only considered credit for the 
enhanced p·pelin dudng his thought process for assessing the impact from postulated pipeline 
failures near Indian Point. He noted that at the closest point to the plant, the pipeline is thicker, is 
btl)"ied deep r, an is physically protected by reinforced concrete mats. Nevertheless, the analyst 
stated that he did not credit any pipeline enhancements were credited in the calculation 
dornmeT\.!;ed in his report. Therefore, the team did not substantiate the findings in the OIG Event 
Inquiry related to enhanced piping. 

The team also notes that pipeline enhancements such as thicker dia meter, corrosion coating, 
concrete pads above the pipeline, warning signs to inform potential excavation, and deeper burial 
may reduce the likelihood of a failure, as discussed in Section 2.1.1. In addition, the team noted t hat 
the Indian Point site topography may influence the consequence of postulated pipeline ruptures. 
Specifically, the pipeline elevation is above p lant grade but below the crest of a hillside overlooking 
the plant, as indicated in Figure 5. As a result, a portion of the jet flame would be absorbed by the 
hill, providing less energy available to heat structures onsite. The most likely spot for an explosion 
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would be near the postulated pipeline rupture location, as it would have the highest concentration 
of natural gas, assuming an ignition source was present or generated by the explosion. If the 
explosion were to occur in this location, a portion of the blast energy would be absorbed by the 
hillside surrounding the pipeline. For a blast to occur father away from the pipeline, the gas would 
need to remain in an explosive concentration. 

5.1.5. How was the time needed to Isolate the pipeline considered? 

The "Findings" section of the OIG Event Inquiry raised issues with the assumption that pipeline 
isolation would occur in 3 minutes, noting that the pipeline operator "estimated it w ~uld take at 
least 6 minutes after the detection of a leak to close the valves." OIG noted inconsistendes 
und,erstandings of the amount of gas that would be released. 

The analyst originally assumed that the isolation valves for the pipeline could be closed jli 
3 minutes. As noted above in Section 5.1.3, however, the analyst performed a sensiti~ t)".'sludy to 
support the 10 CFR 2.206 petition review. In the second scenario, the analyst assumed hat 
following a complete pipeline rupture, the pipeline provides an infinite soiree of na tural gas and 
the pipeline isolation valves do not close for an hour. 

The team verified that ALOHA does have the capability to assess 60 minutes of gas r elease from an 
infinite source, as well as the gas released in the first minute. However, t'he team no,ted that analyst 
used the 1-minute maximum gas release rate (rather than total mass released over the assumed 
duration) from ALOHA for both the 3-minute scenari and the (i0-minute scenario assessed. As 
discussed in Section 5.1.3 of this report, the analyst did not provide a documented technical basis to 
justify the appropriateness or conservatism for that assum~tion. Therefore, the team was not able 
to confirm the validity of the conclusion that the pipeline closure times only minimally changed the 
peak overpressure calculation and the heat-0 1x calc~lation. 

As discussed in Section 2.1.3, the team found con icting information on the time it would take to 
isolate the ruptured pipeline and where the isolat on would occur. As a result, as noted in Section 
2.6, the team recommends thatft e NRC ask Entergy to revisit its 10 CFR 50.59 evaluation to apply 
an appropriate isolation timeframe or t tify why the timeframe is not relevant. 

5.1.6. Was Regulatory Gulde 1 .91 used correctly? 

The "Findings" sectiqn of the OIG Event Inquiry stated that "NRC used a draft regulatory guide in 
lieu of the final. appr6ved version (which had been issued approximately 2 years prior) and 
deviated from the app~ ved version in a manner that was less conservative and had an impact on 
the analy~s outcome." ) 

The OIG Ev~ l(lquiry referenced the analyst's use of 4500 kJ/kg instead of 4420 kJ/kg for the 
denomina or in Eq ration 4 of Regulatory Guide 1.91. The team found that the denominator used in 
the reference 1 s where this equation originated is 4500 kJ/kg. ln further discussions with fire 
experts in th Office of Nuclear Regulatory Research, the team verified that this 4500 kJ/kg value is 
appropriate and consistent with fire and explosion literature. It appears that the more precise value 
may have come from conversions between English and metric units, but it is not applied elsewhere 
in the li terature. Therefore, the team found the analyst's use of this value acceptable, even though it 
did not match the latest revision of Regulatory Guide 1.91. The team recommends that a future 
update to Regulatory Guide 1.91 should revisit the change made in that denominator. 

Additional recommended improvements to Regulatory Guide 1.91 are discussed in Section 4.4 
above. 
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5.2. Key Findings Related to NRC Processes 

5.2.1. Did FERC's approval represent the NRC analysis appropriately? 

The "Findings" section of the OIG Event Inquiry sta ted that "NRC's independent analysis was 
incorrectly portrayed in FERC's approval document as significantly more conservative than it 
actually was." 

The FERC issued its approval order for the AIM pipeline in March 2015.116 Section k.2. of this order 
addressed safety issues related to Indian Point, and in paragraph 107, the FERC described the NRC's 
review. The team considered the accuracy of the FERC's approval order paragraph 107 as fo lows. 

• "'The NRC reviewed the site hazards analysis performed by Entergy and performed an 
independent confirmatory analysis of the blast analysis as well." The team agrefS with this 
statement (while acknowledging the analysis could have been conducted differe tly,'as 
discussed elsewhere in this report), and it is consistent with the NRC\inspection r~port. 

• "The NRC's analysis did not account for the additional pipeline design measures 
identified by Entergy and committed to by Algonquin .. ," T~e te;im <1_grees with this 
statement. As discussed in Section 5.1.4 above, the NRC analyst did consider the pipeline 
enhancements but did not use them in his pipeline ru,.ture con equence calculation. 

• "[The NRC's analysis ... ) assumed a pipeline catastrophic failure." The FERC uses a term 
"'catastrophic" that is not included in the origil al October 2014 NRC analysis or November 2014 
NRC inspection report. The term appears to have been introduced in the October 2014 NRC­
FERC meeting summary. 117 The team considers that given the discussion in that analysis of a 
"'hole equivalent to the diameter ofthei,i~e" (i.e., a full guillotine break), the failure itself could 
be described as catastrophic for the pipe line. The team does not view this use as implying a 
catastrophe in terms of consequences. 

• "'The review covered everything within the Security Owner Controlled Area, which 
e ncompasses everything ins ide the outermos t fenced area of the facility including the 
area with the spent fuel rods." This description of the SOCA, which also appeared in the 
October 2014 NRC-FERC meetings 1mmary, could be viewed as inaccurate. The "outermost 
fenced area of the facility" could be read as the entire Entergy property, which is fenced, with a 
drive-up securi y, post at t e entrance. The SOCA encompasses a smaller area. It includes, 
among other things, the safety-related equipment, the spent fuel pools, and the spent fuel d1y 
storage area,_ The Entergy and NRC analyses did consider equipment both inside and outside the 
SOCA, as well las eq~ipment outside Entergy property (such as the switchyard). Therefore, the 
team consiclers this statement to be acceptable even ifit might be confusing. 

• "The NR concluded that a breach and explosion of the proposed 42-inch-diameter 
natural gas pipeline would not adversely impact the safe operation of the Indian Point 
facility." This phrasing is less nuanced than the October 2014 meeting summary118 and uses 
Janguige that the NRC had used in the November 2014 inspection report in the context of 
Entergy's analysis, not the NRC's. 119 In th is light, the statement could be viewed as partially 
inaccurate. In the team's understanding. the NRC focused on (a) whether Entergy complied with 
10 CFR 50.59 in deciding NRC review was not needed (as concluded in the inspection report) 
and (b) that Indian Point could safely shut down and remain shut down after a pipeline rupture. 
"Safe operation," if read as continued full-power operation after a pipeline rupture, was not 
what the NRC assumed. The team, however, does not view this distinction as distorting the 
overall Entergy or NRC conclusions in 2014-2015 about the safety of Indian Point. 
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The FERC used this information to conclude "that the project will not result in increased safety 
impacts at the Indian Point facility." This con clus ion is consistent with the purpose of a 
10 CFR 50.59 review- that hazards would r emain within what was previously evaluated for the 
facility. In summary, while the FERC phrasing could have been more nuanced and the NRC analysis 
could have been conducted differently (as discussed elsewhere in this report), the team does not 
agree with OIG that the FERC portrayed the NRC a nalysis as "significantly more conservative than it 
actually was." 

Section 4.5 above includes the team's recommendations on how the NRC can interact better with 
other agencies, including how the context of an NRC inspection or review could be describ~ etter. 

5.2.2. Was the NRC Inspection report accurate? ) 

The "Findings" section of the OIG Event Inquiry stated that "NRC's inspection report! oll}ained 
inaccuracies suggesting additional analysis had been conducted, when this was not l\e case." The 
OIG Event Inquiry noted that (1) the analyst did not calculate missile generation thoJgh Regulatory 
Guide 1.91 suggested it, and (2) the analyst believed that effects on im~~rtant-to-safcty SSCs were 
being "bounded by more severe accidents ... already evaluated" in Indian Point's FS.AR. 

The team notes that Regulatory Guide 1.91 is not clear as to the scope o\SS s that should be 
evaluated for missiles. The guide makes a general statement that "[t]he effects of blast-generated 
missiles would be less than those associated with the blast oterpressure levels considered in this 
guide." Therefore, missiles generally need not be evaluated wl1ere the overpressure levels are not 
exceeded- Le., all safety-related equipment inside the SOC.A, in pie case of the NRC analyst's results. 

The guide goes on to state that if"SSCs important to safety\ re closer to the hazarcl than the 1 psi 
overpressure threshold distance, "the applicant may>show through analysis that the risk to the 
public is acceptably low on the basis of he c pability of the safety-related structures to withstand 
blast and missile effects associated with detonation of the potentially explosive material." The team 
read this passage as stating that i safety-related equipment (for these purposes, the equipment 
needed to safely shut down th reactor and maintain it in a safe state)120 can be shown to be 
protected against blasts and missiles, the ris k can be considered acceptably low. In the NRC 
analysis, this is the case-safety-related equipment is outside the 1-psi overpressure zone, so 
missiles would not be expe tell there. 1i'1 Therefore, the team does not agree with OIG that a missile 
analysis was necessary or omitted. 

Regulatory Guide 1.9~J-!ares explosions to other natural hazards: drag pressure effects would 
be "much s~aller than ttose resulting from the wind loading assumed for the design-basis tornado" 
and ground motion from over pressure "should be less than the vibratory ground motion associated 
with a safe-shutdown earthquake." The reader might draw the conclusion that these issues have 
been adciressed uniformly for all facilities. The NRC analyst "believed" that extreme natural 
phenomena had already been evaluated for Indian Point and did not pursue the statement that pipe 
rupt ures would be bounded by such phenomena. Every facility, however, has a unique licensing 
basis dep ding on when it was licensed, what requirements applied at that time, and what later 
requirements were imposed by the NRC. 122 The team agrees with the OIG that the analyst should 
not have referred to prior analyses of the facility-especially if they were not necessary as 
discussed in the paragraph above-without verifying the scope and results of those analyses. As 
noted in Section 2.1, the team could not verify that prior analyses in fact bounded pipeline impacts. 

In general, however, the team observes that Regulatory Guide 1.91 is designed for licensees and 
applicants to use in developing their analyses of record. The NRC staff is not bound by its guidance 
when conducting confirmatory analyses to support inspections or licensing activities. While NRC 
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analyses should, as noted elsewhere in this r·eport, be well documented and ans we,- the questions 
that were asked, some aspects of the analysis may be more or less important to a give n issue. The 
team has no serious concern regarding the specific question of whether the analyst followed 
Regulatory Guide 1.91 in all of its aspects. 

5.2.3. Were quality standards applied appropriately? 

The "Findings" section of the OIG Event Inquiry referenced remarks that the NRC does "not have a 
quality assurance program for these calcula tions, but [that] a peer review by a qual.ified NRC 
engineer was performed on NRC's independent analysis and follow-up analysis." OIG noted 
deficiencies wi th the peer review. 

As discussed in Section 4.1, the team identified a weakness in the NRC's familiarity with tlie 
guidance for conducting high-quality analys is and calculations. The team identified hat the agency 
personnel were unfamilia r wit h the agency guidance on peer reviews. A disc ssed in Section 4.3.4, 
documentation of confirmatory analyses and peer reviews is fundamental to assuring that 
calcula tions and peer reviews use appropriate standards, are effective!~ an effici ntly reviewed, 
and support the agency's determination. The team does not consider a form;i "qt ality assurance 
program" to be necessa1y to provide this assurance. Given the lack of staff familiarity with the 
quality standards that do exist a t the NRC, the calculations analyzing the licensee's 10 CFR 50.59 
analysis and supporting the PRB's decision t o reject the t CFR 2.206 petition did ruot apply the 
appropriate standards. 

The team recommends that the agency consider ditional train'ng regarding the technical work 
product quality and cons istency. The team also recommen s that the agency produce more formal 
docu mentation of technical calculations that are used to support an agency decision. These 
recommendations a re discussed in more clepth in Sections 4.1 and 4.3.4. 
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6. Conclusion and Recommendations 

6.i. Summary of Concluslons Regarding Safety and Processes 

[to be added during team/peer review after sections 2-3 arc complete] 

6.2. Summary of Recommendations 

lto be added during teamLpeer review based on nil recommendations] 

6.3. Future Analysls and Activities 

During the team's review, the team or external parties identified issues separate from thos, 
included in the Chairman and EDO taskings, particularly issues related to the p eexistin5'. pipelines 
discussed in Appendix A. While the team remained vigilant for issues th t could pose an immediate 
safety concern for Indian Point, most of the issues raised could not be ad resse within the scope 
or timeframc provided to the team. NRC management should conside ~hether f11 t her action by 
the NRC, other agencies, or Entergy is warranted to address these ubj \'1:ts. The.team observes that, 
with respect to reactor safety, such decisionmaking should reflect the remaining plant operating 
time (mere days for Unit 2; about a year for Unit 3). A longer timeline would apply to the spent fuel, 
though the location of the dry fuel storage location makevt unlikely that here wou ld be pipeline-
related impacts at that site. f 

• On March 26, 2020, two representatives of the Ne 'lork State Public Service Commission 
wrote to the team leads. 123 This letter included several ecommendations for the team's 
activities, notably: (1) analysis and peer review).y neut al, third-party experts (e.g., the 
National Academy of Sciences) and (2fii'site-w1de analysis of reactors and spent fuel at Indian 
Point that considers both the preexisting and AIM pipelines and uses updated seismic analyses. 
The team obtained independent membership nd peer review to the extent feasible within 
45 days, and its scope was focus~d on issue raised by the OIG regarding the 42-inch AIM 
p ipeline. The team recom~nds that NRC management review the team's report and consider 
whether a broader analysis may ~ appropriate. 

• On March 23, 2020, Paul ~tinch (the petitioner for the October 2014 petition discussed in 
Section 3) wrote to the team lead with comments on the team's scope of review. 124 Mr. Blanch 
emphasized that a risk an~¥5is under 49 CFR 192.917 needed to be done for the AIM pipeline. 
(Section 2.1.2 provides information on this risk analysis.) He also indicated that the team should 
address con ems he had previously raised to OIG, including NRC's use of its procedures, 
potential y fa se statements made by En tergy, processing of a prior allegation, and NRC's 
inspections and communications to FERC. Mr. Blanch s upported calls from New York State 
noted below)Jor an independent risk a nalysis reviewed by the National Academy of Sciences. 

Aspects of these requests were addressed by the team's activities and recommendations, as 
docume ted in this report. The team recommends that NRC management review the team's 
report/and consider whether further evaluation is needed. 

• On March 19, 2020, the Office of the Attorney General of the State of New York wrote to the NRC 
Chairman, FERC Chairman, and PHMSA Administrator asking for a joint evaluat ion of the AIM 
p ipeline and Indian Point.1zs Specific to the NRC, this letter recommended that PHMSA and 
other pipeline safety experts assist the NRC in assessing the risk profile of the AIM pipeline and 
its proximity to Indian Point, that the NRC analyze both the preexisting and AIM pipelines and 
their proximity to the reactor and spent fuel, and that the NRC require a 10 CFR 50.59 review of 
all three pipelines. Aspects of these requests were addressed by the team's activities and 
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recommendations, as documented in this report. The team recommends that N RC management 
review the team's report and consider whether further response to these questions is needed. 

• On March 13, 2020, U.S. Representative Nita Lowey wrote to the NRC Chairman requesting a 
personal briefing and public meeting on the OlG report and the NRC's response. 126 The team 
recommends that NRC management review the team's report and respond appropriate. 

• On March 11, 2020, several members of the New York State Legislature wrote to the NRC 
Chairman expressing concern about the Event Inquiry by the OIG. 127 The letter requested that 
the NRC explain its past and future actions and retract prior analyses used by FE 'C. Th team 
recommends that NRC management review the team's report and consider what espon e to 
this letter is needed. 

• On March 9, 2020, the Chief Executive Officer of the New York State DepartmentJJ>f Public 
Service wrote to the NRC Chairman and FERC Chairman expressing qoncern aboOt t e Event 
Inquiry by the OIG. 128 The letter requested that the agencies respond to issues raised in a 
June 2018 lette r. 129 The June 2018 letter included questions regarding t e In ''an Point spent 
fuel pools, use of ALOHA and Regulatory Guide 1.91 to evaluate pip lines including the 
preexisting pipelines, the status of security reviews, the conclusions of the 2008 evaluation of 
pipelines, and whether seismic analyses were conducted of the pipelfnes. Several of these 
questions are addressed by this report. The team rec6 mends that NRC management review 
the team's report and consider whether fmther response to these questions is needed. 

• As noted by then-Chairman Burns in a Novem' · 2 15 lettfl)', 10 the Advisory Committee on 
Reactor Safeguards formed a working group to evaluat external man-made hazards (such as 
p ipelines) at nuclear power plants. Based on a discussi n with the Executive Dir ector and 
Chairman of the Advisory Committe~ on eactor Safeguards, the team understands that this 
work is ongoing. The NRC should remain , sed of the progress and results of this activity. 
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Appendix A. Hlstorlcal Information on Preexisting Gas Plpellnes 
This appendix presents background information on how these preexisting pipelines were evaluated 
by the licensee and the NRC. This team's primary scope of work relates to the later-installed 42-inch 
AIM pipeline that is the main subject of this report. Some of the analyses for the 42-foch AIM 
pipeline referenced prior analyses of the preexisting pipelines. Reevaluating prior conclusions on 
the 26-inch and 30-inch preexisting pipelines is not within the scope of the team's work. The team 
summarizes this information for context without passing judgment on the prior conclusions. 

A.1. lnltlal Licensing (1960-1973) 

This section summarizes information readily available to the team in the Agencyw1i:le Documents 
Access and Management System (ADAMS) regarding the initial licensing of Indian Point Units 1, 2, 
and 3. It does not represent a comprehensive review of the licensing basi s of these teactors. The 
summary, however, shows that the AEC and NRC were aware of and, in some cases, plicitly 
eval.uated the preexisting gas transmission lines as part of the initial licensing of he facilities. 

lndlan Point Unit 1 ( 

In November 1960, as part of its operating license application, Consolidatecl Edison submitted a 
map of the area around Indian Point showing public utili ·es as Exhibit H-13.13 1 This map shows the 
Algonquin gas transmission line as a dashed black line, crossing the Hudson River and passing 
within about 1,000 feet (the map scale is not precise) of the centei:Jine of Indian Point Unit 1. A 
section of the map is reproduced in this report as 1;.igur 13. , 

Consolidated Edison also submitted Exhibit H-14, a scale plot plan of the site showing the 26-inch 
gas main and the Algonquin right of waY, A si:iction of the plot plan is reproduced in this report as 
Figure 14. Consolidated Edison submitted Exl\ibit H-14, Revision 1, in September 1962 to add some 
details related to offices, material storage, a~ icle storage and maintenance, as well as removal 
of the "caretaker's house" and a temporary construction building.m 

In February 1962, the Commissio~ dered the AEC staff to issue a provisional license for Indian 
Point Unit 1. 133 Paragraph 43 of that order stated that: 

Paragraph A-3 of Appendix A to the license as approved above limits more than the 
applicant wou d have it to do the utilization at the reactor site of Consolidated's 
natural gas fac~lities. The applicant proposed to include as site activities the 
transmi sion ana distribution of natural gas, with no bulk storage there and no 
pressure bove 5,9 psig within 600 feet of the reactor building. Cogent reasons for 
adopN g-the staFf position have heretofore been discussed. Upon this point it has 
been shown that use of the natural gas facilities at the reactor site as described in 
the appljcatjon is not inimical to public health and safety and constitutes no threat 

he integrity a nd safety of the reactor facilities and utilization. Other now 
nown and unevaluated possible uses of natural gas or natural gas installations at 

the site might portend hazards to reactor safety. Accordingly, the technical 
specification appropriately should limit the natural gas facilities and utilizations at 
the site to those which have been described and which consequently have been 
weighed in deriving the safety judgments herein expressed. 

This paragraph in the order refers to Section A.3 of the technical specifications, which are in 
Appendix A to the provisional lice nse. 134 Section A.3 states: 
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The principal activities carried on within the exclusion area shall be the gen.eration, 
transmission and distribution of steam (except by gas-fired power plant); the 
generation, transmission and distribution of elect rical energy; and associated 
service activities. Such activities, among others, shall include in the case of the 
facility, the subject of this license, activities relating to the controlled conversion of 
the atomic energy of fuel to heat ene rgy by the process of nuclear fission and the 
storage, utilization and production of special nuclear, source and byproduct 
materials. Transmission and distribution of natural gas shall be through the use of 
facilities located as described in the application. 135, 136 /' 

The "exclusion area" was defined in Section A.2 of the original technical specificatio,nras the <!..!iea 
surrounding the facility for which access was under the full control of Consolidated Edison, .J 
approximately 1/3 ofa mile. 137 

Consolidated Edison reported to the AEC in October 1964, that-consistent witl theiprovisions in 
its license for changes it could make to the facility-Consolidated Edison ~ as per itting the 
Algonquin Transmission Company to widen its right of way to install an additional gas transmission 
pipeline (i.e., the 30-inch line noted above).138 Consolidated Edison notecl that the total right of way 
would increase from 30 to 65 feet, but the minimum distance between tlie pipelines and the 
restricted area of the facility would be unchanged because the new pipeline would be fa,ther away 
from the present pipeline. Consolidated Edison provided a ew Exhibit H-14 (Revision 2).139 A 
section of the plot plan is reproduced in this report as Figure 15 There are no records showing that 
the AEC disagreed with the licensee's determinat~ n t!ist it could ake this change without prior 
approval. / 

In November 1969, Consolidated Edison yrovided supple.)entary information that the AEC needed 
to authorize a full -term (rather than pr visio9al) operating license. 1• 0 The AEC had requested that 
Unit 1 be compared to the General Design C:pteria,that had been published in 1967 as a proposed 
amendment to the AEC's regulations. 111 Specific to proposed Criterion 2 on withstanding forces 
from local site effects, Consoli_d/ttd Edison analyzed gas pipeline accidents. 

Consolidated Edison clarified l e ~ pelines that were near the site at the time: 

The first pipeline was installedl n Indian Point in 1952; the second line in 1965. Both 
pipes are made of 52} 00 psi minimum yield strength steel, conforming to the 
American P • troleum In titutc Specification 5LX52. 

The 1952 P,ipe as an outside diameter and wall thickness of 26" and 0.281" 
respectively. Hoop stress calculations on a pipe of these d imensions and material 
show at the pipe is capable of withstanding internal pressures of 1125 psi before 
yield point stresses develop. 

l he outside diameter and wall thickness of the 1965 pipe are 30" and 0.438", 
r~pectively. This pipe is calculated to withstand internal pressures of 1520 psi 
before yield point stress is developed. 

The licensee discussed the American Standard Code and New York State Safety Code, noting that a 
small percentage of failures and fires of pipelines reported by the Federal Power Commission 
occurred in states with stringent safety requirements. The licensee also reported on the inspection 
procedures and operating history of the Algonquin Transmission Company. The licensee described 
the design, operation, and maintenance of the pipelines, noting that "conditions which might lead to 
a pipeline failure have either been provided for in the design of the pipes, or do not exist at the 
Indian Point site." 
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The licensee also considered a postulated pipeline failure, including the potential for explosions 
that could create missiles, as well as the potential for fire damage caused by burning gas and 
secondary fires. The evaluation of fires assu med that the "primary fire would be of short duration 
since automatic shut off valves would isolate the ruptured section of the main within 4 minutes." 
The valves were located on both banks of the Hudson River to the west of Indian Point and in 
Yorktown, NY, about 10 miles east of Indian Point. The licensee noted that it had already been 
concluded (as noted in the next section) "tha t the gas transmission line pose no danger to the safe 
operation of Unit No. 3." Since Unit 1 was north of Unit 3, the pipelines were further away "and 
therefore pose no problem." 

In December 1973, the AEC's Directorate of Licensing completed the Section 2 (Site S ety) safety 
evaluation input for the Unit 1 full-term operating license. 142 This section has only a hort'passage 
on the pipelines: "Two natural gas lines cross the Hudson River and pass about 750 , eet from the 
Indi an Point 1 containment structure. Based on previous staff reviews, failures of these gas lines 
will not impair the safe operation of Indian Point l ." The details of these 'staff reviews" could not be 
found. 

The analysis effectively became moot in October 1974. Unit 1 shut down at tha point when a 
"varia nce" issued regarding emergency core cooling systems at the facility expired a nd did not 
resume operating. 143 

Indian Point Unit 2 

In December 1965, Consolidated Edison applied t the AEC for a construction permit to expand its 
Indian Point facility with Unit 2. 144 Section 1.2.3, "Site Ownership and Control," of the preliminary 
safety analysis report includes the following text: 145 

The Algonquin Gas Transmission Co-.1\as a right-of-way running east to west 
through the property, 3500 feet long and 65 feet wide. The proposed reacto-r is 1450 
feet north of the Algonquin26-inch ga~ ain. 

The 65-foot width is consistent wit he widening noted in the 1964 Unit 1 document. That wider 
right of way would have accommodat d the 30-inch pipeline, for which construction began in 1965. 
This PSAR chapter also Included figure similar to those provided for Unit 1. Portions of these, 
dated August and November.1965, are reproduced in this report as Figure 16 and Figure 17, 
respectively. 

The FSAR submi ted to support the Unit 2 operating license application provides similar 
information on tlie pipe ine rightofway: 146 

The AlgQ_1.1quin Gas Transmission Company has a right-of-way running east to west 
thro ~h t he,property, 2840 feet long and 65 feet wide. Unit 2 is 1450 feet north of 
the 26 inch Algonquin gas main. 

The 1970 8Jfety evaluation for the Unit 2 operating license does not reference the p ipelines or any 
other nearb y industrial facilities.117 

lndlan Point Unit 3 

In April 1967, Consolidated Edison applied t o the AEC for a construction permit to e xpand its Indian 
Point facility further with Unit 3. 1•s Section 1.2.3, "Site Ownership and Control," of the PSAR 
includes the following tcxt:H9 
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The Algonquin Gas Transmission Co·. has a right-of-way running east to west 
through the property, 3500 feet long and 65 feet wide. The proposed reacto,r is 700 
feet north of the Algonquin 26-inch gas main. 

Because Unit 3 is southwest of Units 1 and 2, the pipeline right of way is several hundred feet closer 
to Unit 3 than to Units 1 and 2. This PSAR chapter also includes a site plot plan similar to those 
provided for Units 1 and 2. A section of the plot plan, dated April 1967, is reproduced in this report 
as Figure 18. 

As part of the construction permit review, the AEC asked Consolidated Edison to analyze the ability 
of the facility to accommodate the consequences of an explosion or fire in the pipeli.n s. In 1-968, 
Consolidated Edison responded with an analysis submitted was very similar to wltat Co solid ted 
Edison would provide for Unit 1 tn 1969, as described above. 1so This evaluation led he appllcant to 
conclude that the presence of the lines "does not endanger the safe operation ofUnit_t3-'1., 

This information was not specifically discussed in the AEC's safety evaluation for the~Unit 3 
construction permit. 151 

The FSAR submitted to support the Unit 3 operating license application prox ides information on 
the pipeline right of way very similar to that for Unit 2, without clarifying in ormati-on on the Unit 3 
location:152 

The Algonquin Gas Transmission Co,mpany has a right-of-way running east to west 
through the property, 2840 feet long and 65 fe/ t wide. Unit 2 is 1450 feet north of 
the 26 inch Algonquin gas main. 

In the 1973 safety evaluation for the Unit 3 operating lice ) e, the AEC stated that "two natural gas 
lines cross the Hudson River and pass a out\620 feet from the Indian Point 3 containment 
stmcture. Based on previous staff reviews, f~1lures of these gas lines will not impair the safe 
operation of Indian Point 3."153 As for Unit 1, the deta ils of these "staff reviews" could not be found. 

A.2. Licensee FSAR Updates (198~2014) 

Initially, the NRC did not requ~ licensr es to maintain and resubmit the FSARs submitted as part of 
their operating license applic tlons. In 1980, the NRC issued a rule- 10 CPR 50.71(())- requiring 
licensees to submit/an updatecl FSAR within 2 years and annual updates thereafter. 154 

Indian Point Unit 2 

In July 198 ) ~ olidated Edison submitted Revision O of the updated FSAR for Indian Point 
Unit 2. 155 Tlie 26-inch gas pipeline was mentioned in Section 2.2.3, "Site Ownership and Control": 
"The Algonquin Gas Transmission Company has a right-of-way running east (to) west through the 
property, 2~0 feet long and 65 feet north of the 26 inch Algonquin gas main." The 30-inch gas 
main ( hich 1s located farther away from Unit 2 and within the same right of way) was not 
specifical y mentioned. Chapter 2 of the FSAR did not present further analys is of the natural gas 
pipelines 6r any other nearby industrial facilities. 

Revision O omitted some words from the original FSAR, which had been clear that the right of way 
was 65 feet wide and lay 1,450 feet south of Unit 2. Consolidated Edison corrected the FSAR error 
in Revision 2, restating this passage as: "The Algonquin Gas Transmission Company has a right•of­
way running east to west through the property, 2840 ft long and 65 ft wide. Unit 2 is 1450 ft north 
of the 26-in. Algonquin gas main." 156 
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This text was.substantially unchanged until 2008, when Entergy submitted Revision 21 to the 
Indian Point Unit 2 FSAR. 157 This revision included updated texL in Section 2.2.3 (highlighted in gray 
below) associated with the pipelines, as well as a new Figure 2.2-3. No further analysis was 
Included in Chapter 2. Section A.4 of lhls report describes analyses conducted by Entergy in 2008 
that may have triggered this update. 

Entergy owns the Indian Point Units 1 and 2 N uciear Power Plants. As shown in 
'Figure 2.2-3, the Algonquin Gas Tra11smlssion Company has a 24 Inch gas mainline 
al'ld a 30 inch loop line oh a 65 foot wide r'ight-ol'-way running east to west through 
t he property. Unit 2 is 1450-ft north of the 24-in. Algonquin gas mainline. 

The Georgia-Pacific Corporation has an easement, 1610-ft long and 30-ftwide, 
th rough thl· southerly part of the Indian Point site. The Georgia-Pacific easement is 
used for overhead elect1;cal power a nd telephone lines and underground gas, water, 
and sewer lines. These easement5 permit 13ntergy to determine au.activities within 
the right-ol-way in order to ensure safe operation of the units. 

This revision changed the diameter of the pipeline, added the figure indltded in this report as 
Figure 19, and clarified Entergy's ability to determine activities within the easements to ensure safe 
operation of the units. 

Entergy revised the FSAR in October 2010 to correct and clarify the sizes of the preexisting 
pipelines, as shown in the highlighted text: 15B 

As shown in Figure 2.2-3, the Algonquin Gas T:ransmission Company has a 26 ind1 
gas mainline and a 30 inch gas nwinllnc on a 6-5 foot w1de right-of-way running east 
to west through the property. UnitZ is 1450-ft north of the 26-in. Algonquin. gas 
mainline. One 30 inch m~in and 2-24inch mains pass under the river to a pipeline 
facilities station on the easement near the river. One 24 inch main is available as a 
bypass alternative and ends in the pipeline facilities station while the other two 
contiJ,uc as the 30 inch ~nd 26 lnch mains. 

There were no further substantive changes to Chapter 2 of the PSAR regarding the pipelines until 
a1rnlysis of the AIM 42-inch pipeline was included, as discussed in Section 1.2 of this report.. 

Indian Point Unit a 
In July 1982, the Power .Authority of the State of New York submitted Revision O of t he updated 
FSAR for l11dlan,foint Unit 3.159 The 26-inch gas pl pell ne was mentioned in Section 2.2.2, "Site 
Ownership and fo ntrol": 

... the Algonguin Gas Transmission Company has a 26 inch gas main on a right-of­
way approximately 1350 feet long and 65 feet wide) running east to west through 
the Authority's property .... These easements permit the Authority to determine all 
activities within the right-of-way in ,order to ensure safe operation of the unit. 

The 30-inch gas main (which is located farther away from Unit 3 and within the same right of way) 
was not specifically mentioned. Chapter 2 of the FSAR did not present analyses of the natural gas 
pipelines or a ny other nearby industrial facilities. 

This text was substantially unchanged until the 2009 update to the Indian Point Unit 3 FSAR.160 

This revision included updated text in Section 2.2.2 (highlighted in gray below) associated with the 
pipelines. The referenced FSAR Figure 2.2-2 is similar to Figure 18 included in this r eport. Section 0 
of this report describes the referenced analysis. 161 
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As shown in Figure 2.2-2, the Algonquin Gas Transmission Company has a 24 ind1 
gas mainline and a 30 inch loop line on a right-of-way (approximately 1350 feet lung 
and 65 feet wide) running east to west through Entergy's property. The threats 
posed by the rupture of these pipelines and the release of natural gas (essentially 
methane] from them were addressed in Item 7 of Supplement 1 to the original FSAR. 
The September 21, 1973 SER concluded the failure of these gas lines would not 
impair the safo operation of the plant. 

A subseque;nt evaluation In 2008, (Reference t ), discussed the consequences of a 
pipeline rupture and the potential impact of that event on the sites Protected Area, 
Vital Areas, the Security Plan, safe shutdown, and oUter non-safely related 
structures, such as the waterfront warehouse. The hazards created by a breach and 
eJ<plQsion of the pressurized above ground portions of the pipeline include: 

a. potential missiles, 

b. an over-11ressurizatlon event, 

c. a vapor cim1d or flash fire, 

d. a hypothetical vapor cloud explosion, and, 

e. a jet fire. 

A simultaneous rupture and ignition of both gas mains at the above l!round locations 
inside the owner controlled area (OCAJ is postulated to be the worst case scenano 
since this event will result in the most significant release of gas volume and have the 
potenlial to contribute to the largest potential fire. An attempt to untover, breach 
and ignite a burJed portion of the pipeline wa~ not considered feasib le. The report 
concluded that the event would not damage any safety related structuro and there 
are no adverse effects on the gas pipeline event on vital areas, safe shutdow11 
equipment, IPllC Security Plan, or essential personnel. Some damage to non-vita( 
structures ur non-essential personnel In the area of the pipeline may occur. 

Entergy next changed this s~cflon in the 2015 update to the Indian Point Unil 3 FSAR, relevant 
portions of which a,re shown in gray highlig"ht below."•2 Section A.4 of this report describes a 201.5 
analysis that was likely the trigger for this update. 

A subsoq11ent evaluatron in 2008 (Reference 1) discussed the consequences of fire 
and explosion due to a pipeline rupture .... An attempt to uncover, breach and ignite 
a buried portion of the pipeline was not considered feasible. The report concluded 
tba_t the rupture of the nat.ural gas pipelines that cross the Indian Point site and 
subsequent ignitio1J of the methane released will result in a jct f1re and l1Jjury or 
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 cloud explosion, structural damage to buildings other than the 
waterfruntwarehouse .idj.icent to the pipelini.is will not occur. A flammable vapor 
cloud f1re that engulfs the plant is improbable because the turbulent momentum 
with which the methane eJ<its the pipeline wil l confine flammable methanll 
concentrations to the point of release. 

There were no further substantive changes to Chapter 2 of the FSAR regarding the pipelines until 
analysis of the AIM 42-inch pipeline was included, as discussed in Section 1.2 of this report. 
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A.3. Indian Point Hearings (1979-1985) 

In September 1979, the Union of Concerned Scientists petitioned the NRC to decommission Indian 
Point Unit 1 and suspend operation of Units 2 and 3. In February 1980, the Director of the NRC 
Office of Nuclear Reactor Regulation (NRR) issued his decision on the petition (referred to as a 
Director's Decision). 163 The Director's Decision granted a portion of the petition regarding Unit 1 
(as noted at the end of Section O above). The Director's Decision, however, denied th e request to 
suspend operation of Units 2 and 3, given the issuance of confirmatory orders to the licensees that 
required multiple important interim safety measures. While the Director's Decision did not address 
the gas pipelines near Indian Point, the exte nsive follow-up activities did include additiona~ alysis 
of the pipelines. ~ '} 

Afte r reviewing the Director's Decision and considering public comments, the ' RC ommission in 
May 1980 announced a "four-pronged approach" to resolve issues raised pythe petition: 64 

• Holding an adjudication on the safety issues for Units 2 and 3, with th~ tomi Safety and 
.Licensing Board making findings and recommendations for a Commission demsion 

• Holding an informal proceeding to determine the issues to be pursul d in the adjudication 

• Considering generically the question of reactors in ar;as of hi~li population density 

• Establishing a staff task force to review data and give the Commission information to decide the 
status of Units 2 and 316s 

The Commission was interested in the risks of serious acc) ents at Indian Point Units 2 and 3, 
including accidents not considered in the plants' desig~!es. This topic was identified in the 
Commission's May 1980 order a nd amp~ fied in additional orders issued later in 1981.166 

The Atomic Safety and Licensing Board issued its findings and recommendations in October 
1983.161 This document does not refer specifically to the natural gas pipelines near Indian Point, 
other than noting that externally 'nitiated events are the principal contributors to risk at Indian 
Point. In coming to its conclusJons:'!10.£~er, the Board considered evaluations that do address the 
pipelines, including: J 
• The Indian Point Probabilistic Safety Study, prepared by the licensees 

• "Letter Report on Revi wand Evaluation of the Indian Point Safety Study" by Sandia National 
Laboratorie 

The sections below describe these evaluations in more detail. 

The Commission issued its decision in May 1985, addressing the risk of Indian Point- including 
ways to reduce risk and how the risk compared to other plants- as well as emergency planning and 
other topics.~t The Commission considered the two analyses noted above, as well as other 
information, but did not explicitly reference the natural gas pipelines as a hazard or accident 
initiator. The Commission concluded that neither the shutdown of Units 2 and 3, nor imposition of 
additional remedial actions beyond those implemented voluntarily by the licensees, was warranted. 
As a result, the NRC rescinded some aspects: of the confirmatory order that had been issued to the 
licensees for Units 2 and 3 in Februa ry 19B0.169 The Commission found that the risk reduction 
effect of those measures was "not s ufficient to be termed substantial," and that they should not be 
imposed unless they were needed to fulfill generic requirements applicable to similar types of 
reactors or to meet other license requirements for Indian Point. 

42 



lndlan Point Probablllstlc Safety Study 

The Indian Point licensees submitted the Indian Point Probabilistic Safety Study in March 1982 for 
use in the adjudicatory proceeding.110 This was one of the earliest comprehensive risk assessments 
of a nuclear power plant. Based on the study's results, the licensees identified and implemented 
cost-effective risk reductions, including new tests and procedures and certain equipment and 
structural changes. 

Volume 11 of the study, Section 7.7.4, documents the licensees' evaluation of the gas transmission 
lines near Indian Point.171 The evaluation is not significantly more detailed than thos submitted in 
1968·1969 for initial licensing (in fact, it references a United Engineers and Constructors" 2\ 
analysis from April 1968 that likely was the input for those submittals), but it d,9es include data and 
estimates in addition to the prior qualitative assessments. The licensees had also ob inecl 
additional information from the Algonquin Gas Transmission Company in February 9~ . Several 
key assumptions and results from this section are summarized in the list low. · 

• Probability of pipeline fa ilure: 
1 
'-.J 

o The 26-inch and 30-inch pipelines had been successfully hydrostatically tested in 1952 and 
1965, respectively, to at least 92 percent of yield stress. Prevent! e maintenance included a 
twice-weekly aerial survey, a twice-yearly foot patrol with_leak survey equipment, a 
monthly vehicle patrol, and weekly inspection of cathodic protection. 

o Data from the U.S. Department ofTranspoi;tation and info mation from the Algonquin Gas 
Transmission Company were used to determine t~failure frequen cy for large transmission 
lines. Only 30 percent of known failures (excluding t he 70 percent resulting from damage by 
outside forces) were assumed to appir to these pipelines. 

o The estimated pipeline failure probabifity was approximately 5 x 10·7 per year. This 
estimate considered transmission line fai ures in the United States, length of pipe near site, 
fraction of failures that were large, fraction of time wind would blow toward the plant, 
fraction of failures d~ to or gin al construction and corrosion, and fraction of leaks going 
undetected. 

• Consequences r. pipellnV ailure: 

o Automatic shutoff valves were located at the east side of the Hudson River and in 
Yorktown, NY fiO nf les away). They would isolate the 10-mile section passing near the 
plant. G s wo~ld empty out in a little over an hour, supporting combustion for a total of 15 
to 2;;\,inutes. 

o If a fire ogurred, destroying t he offsite power lines, the plant could be shut down using 
dies~ gell'erator or gas turbine powe r. 

o Missiles had been found as far as 351 feet from a Louisiana pipeline explosion. Such 
missiles would "pose little threat" t.o the Unit 3 facilities at least 400 feet from the pipelines 
or the Unit 2 facilities "which might be more vulnerable, but which are located 1,000 feet 
from the line and which are protected by a number of other structures." 

o The possibility of a gas line fire leading to a core melt is "extremely small." 
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• Other issues: 

o Smaller leaks were determined not tro jeopardize the plant; the probability of wind blowing 
toward the plant was cited as 0.14. This was considered in the pipeline failure probability 
but could also be used in considering other consequences of pipeline leaks. 

Sandia National Laboratories Evaluation 

In August 1982, Sandia National Laboratories provided the N RC with a draft letter report 
documenting its review of the Indian Point Probabilistic Safety Study. 173 In Section 2.7,.5 of the 
report, Sandia commented on the thermal hazards from a pipeline fire: 

A fire from such a large leak would have to burn for several hours befo ·es ety 
related concrete structure might be threatened. Such long exposures to high heat 
fluxes do not result in catastrophic failure of structures, but rather in the 
(conservative) thermal design criteria for reinforced concrete structures befog 
exceeded. 

Thus, the probability of 5 x 10-7 /year developed in [Indian Poi~ Pr~babilistic 
Safety Study] Section 7.7.5 is a very conservative estimate for the loss ofsafety­
related equipment. Based on this probability, the contribution to the risk arising 
from the failure of these exposed pumps due too fsitEJ._fires would be expected to be 
less than that due to tornado hazard s. An expectea probability of exceeding Part 100 
exposure guidelines or of a core melt would beJnuch sma ler. 

In summary, the probability of thermal fluxes from/ rge fires endangering the 
safety related structures and equip~nt is bounded by the failure of this equipment 
by tornado hazards. The already low robabilities of occurrance [sic] of the fires 
would be very conservative estimates of the probabilities for exceeding Part 100 
guidelines or for core melt. 

This letter report was follow~ a formal NU REG report completed in December 1982.174- The 
purpose of the review was to search or areas in the licensees' analysis where omissions and critical 
judgments were made tha could impact t e quantitative results. This report addressed pipeline 
accidents from two perspectives. 

• Thermal hazards. The evaluation in the final report had the same conclusions as the draft 
report-that there woul not be catastrophic failure of structures or a significant impact on the 
Indian Point\plant damage states or risk. 

• Blast haz rds. The evaluation noted that pipeline fragments, which could be propelled about 
,350 feet, wo Id pose minimal risks to reinforced concrete structures. They would penetrate 
only aver. small distance compared to d esign-basis tornado missiles. 

Atomic safety and Licensing Board Hearing 

The Atomic Safety and Licensing Board considered these pipeline evaluations in during a 
February 1983 hearing. Specifically, Dr. Robert Budnitz, 11s a consultant who supported the NRC and 
Sandia National Laboratories reviews, provided written and oral testimony.176 

In his written testimony, Dr. Budnitz stated that he accepted most of the licensees' basic data, but 
had reservations about the estimates for large leak fraction and s mall leak growth. He noted that 
the !NRC staff had produced its own analysis, with which he agreed, resulting in a value of about 
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8 x 10·5 per year per mile of pipeline for large leaks. He identified three issues of concern that were 
not analyzed in the Indian Point Probabilistic Safety Study, as summarized below. 

• Damage to the s ite electrical system from a pipeline accident. Dr. Budnitz stated that it was 
conceivable that a pipeline rupture and large fire could compromise offsite power, since the 
transmission lines pass over the pipeline. Using the NRC staff's value of8 x 10·5 per year per 
mile of pipeline, even if offsite power were compromised every time, this rate of failure of 
offsite power would be acceptably small. Dr. Budnitz indicated that the actual probability of 
p ower loss was probably much smaller.177 Accordingly, he concluded that this problem was not 
a n important contributor to risk. 

• Gas flowing toward the plant prior to ignition, being taken up in plant ystems, and then 
igniting. Dr. Budnitz identified two poss ible scenarios: (1) an unusual wind. pattern could blow 
gas toward the site, overcoming the normally high buoyancy of natur; l gas, or (2 the high 
buoyancy of gas could be reduced because of expansion cooling duri g its escape/ ram the 
p ipeline, making its density higher than air. While Dr. Budnitz admitted this effed:'had not been 
quantified, he noted that the small orifice needed for significant exP. nsion cooling was 
"probably very small compared to a size that could produce large vQJuTl\l;_s of gas." He also 
indicated that it was not likely that the gas could remain cold and de'lis,e' (without mixing with 
air) while traveling several hundred feet to safety eq ipment arthe reactor. Therefore, while 
the analysis "to allay this concern fully" had not been clone, the issue seemed unlikely to 
produce a "major incremental risk." 

• Isolation valve failure that would lead to contin ous pumping of natural gas out of the 
break, causing a much larger fireball. Dr. Budnitz f~~d that this issue could also be 
"bounded acceptably." Even if the valves failed i)) evl!r{pipeline break, such fireballs would 
occur based on the staff estimate "o ly e ve ry 1'2,000 years or so." Dr. Budnitz noted that the fire 
would "in all likelihood be localized to the region near the pipeline, with little chance of 
spreading to the plant except under the mostiJnusual wind conditions." He stated that the 
overall threat seems "to be sufficiently infrequent that its contribution to overall risk can be 
considered small." "-

Dr. Budnitz concluded overall that the) ore-melt risk to Indian Point from gas pipeline failures was 
cons iderably less than the r isks from other sources, and that omitting a full-scale quantitative risk 
analysis for pipelines t lnd ian:,Pg,int was acceptable. In his hearing testimony, Dr. Budnitz 
acknowledged that tliere was ni>t a realistic numerical analysis of the probability of core damage 
that would ma e him "comfortable by itself," but that he felt comfortable with the pipeline 
bounding analysi . 

A.4. Addltlonal Licensee Evaluations of Preexisting Plpellnes (1980-2015) 

Control Room Habltablllty Report 

In 1980, as pa rt of the response to the accide nt at Three Mile Island (TMl) Unit 2, the NRC issued 
NUREG-0737, "Clarification of TM I Action Plan Requirements." 178 Jtem 111.0.3.4 of fll UREG-0737 
stated, in part, that licensees needed to assure that control room operators would b e adequately 
protected against the effects of accidental release of toxic or radioactive gases. In response, the 
Power Authority of the State of New York submitted a control room habitability report.179 It 
included the following text related to the preexisting natural gas pipelines: 

The Algonquin Gas right-of-way passes approximately 0.3 miles from the Indian 
Point Unit 3 Control Room Air Intake. Two pipelines carrying natural gas (96% 
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methane, 2.5% ethane, 0.5% propane) are installed in the right-of-way. Methane is 
not a toxic chemical. The pipelines are, therefore, deleted from further consideration 
in this study. 

This information is not explicitly addressed in the relevant input to the NRC safety evaluation on 
this topic. 1so 

Individual Plant Examination of External Events 

In the late 1980s and early 1990s, the NRC assessed issues and guidance that were not within the 
licensing scope for facilities licensed before 1976 (including Indian Point Units 2 and 3J. 1s1 In 
particular, in June 1991, licensees were asked to conduct an Individual Plant Examination foi\ 
External Events (IPEEE).102 The NRC concluded in 1993 that the IPEEE would address haza~d~ 
posed by industrial facilities located near nuclear power plants licensed before 197 ~ 183 

Unlt2 \ 

In December 1995, Consolidated Edison submitted the IPEEE for Upit 2.184 The lie nsee considered 
eart hquakes that could damage the gas pipelines, as well as pipeline acc;:idents in general. 

The licensee noted several measures that enhanced the quality of the pipelines: stronger 
construction, random joint x-rays, recent inspection of the 26-incl, line with "smart pigs," a coating 
and cathodic protection to prevent corrosion, and frequent surveys. The licensee also noted that 
there were manual shutoff valves located by the ri er_cf ossing, nd that a Supervisory Control and 
Data Acquisition (SCADA) system provides instant;!flo7'and pressure information, so that a leak 
could be quickly detected. 

In the seismic assessment, the licensee cy:ei:l'multiple construction features that would support the 
pipe lines and prevent slope failures. In o)le Jocat'on 1,200 feet from the nearest Unit 2 structures, 
the licensee identified a slope that ·t could not screen out of its assessment. To address this location, 
the licensee considered three po ential failm i pacts. 

• Fires at the pipeline. These were determined not to impact Indian Point Unit 2 given the 100-
foot-wide firebreak around the plan 

• Explosions. The licensee referenced "extensive studies by the US Bureau of Mines and others" 
demonstrating that naturafgas does not detonate unless confined, so a severe s hock wave was 
deemed not credi le. 

• Transport ora va f cloud and fire at the plant site. The licensee noted that natural gas 
readily disp rses in to the atmosphere, and it was unlikely that weather conditions would 
s uppo tag cloud that could travel 1,200 feet from the pipeline to Unit 2 and still support 
combustrr or asphyxiation. 

The licensee estimated a frequency of an earthquake that could cause the pipeline to fail, combined 
with wind in the direction of Unit 2, with the gas cloud not igniting until it reached critical safety 
systems and structures. This frequency was 6 x 10·7 per year. Since this was below the screening 
criterion of 10-6 per year, the scenario was screened from further analysis and the gas pipelines 
were determined not to be aseismic vulnerability. 

The licensee evaluated gas pipeline accidents in general as well. The licensee contacted the 
Algonquin Gas Transmission Company for updated information on t he performance and service 
history of the pipelines since the Indian Poin t Probabilistic Safety Study was conducted. The 
licensee noted that: 
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• The 26-inch pipeline was retested after installation. 

• Pressure relief valves had been replaced with line pressure monitors, and automatic shutoff 
controls had been removed from all valves given a history of false closures.tes Quick response to 
line breaks was expected because of the emergency response plan in place and t he use of a 
SCADA system. 

• Vehicle patrols were weekly rather than monthly as noted in the Indian Point Probabilistic 
Safety Study. 

The licensee concluded that the analysis from the Indian Point Probabilistic Safety Study 
(estimating a 5 x 10·7 per year failure frequency) remained applicable, and the eve t could be 
screened out. 

The NRC documented its review of the Indian Point Unit 2 IPEEE in May 1,999.186 The re iewers 
summarized the information on seismically induced failures without norlng any, objections. For 
pipeline accidents in general, the reviewers noted that hazard frequency ar~ume ts were used to 
screen these events from further consideration. The natural gas pi~eliiie accideu analyses, with a 
failure frequency of about 5 x 10·7 per year, were considered reasonable. 

Unlt3 

In September 1997, the Power Authority of the State of New York submitted the IPEEE for Unit 3. 187 

The licensee referenced the Unit 2 IPEEE seismic analysis, making the same conclusion for Unit 3 
that the pipelines could be screened as a seismic lne ability. The licensee then noted that a 
pipe line explosion could result in damaging overpressures t Unit 3. 

The assessment considered factors that ·eclu ced the1ikelihood failures of the pipelines that come 
within 400 feet of safety-related equipment~~-U it 3. The licensee provided background on 
hydi-ostatic testing of the pipelines, internal'inspe tions conducted every 3 years, pressure 
monitoring, and s urveys used to ~ tect leaks and ossible threats. The licensee considered that 
overpressure failures were unl"kely to pose significant risks given these design features and the 
distance to the plant (grea r than th '351-foot distance missiles were thrown in a Louisiana 
pipeline failure). The lic.ensee also state that the pipelines were buried in a wide, clear, and well­
marked right of way on site, so they were unlikely to be damaged by careless construction or 
excavation. 

To consider pipeline failure consequences, the licensee examined a catastrophic event caused by a 
pipe line ruP.ture nd a vapor cloud explosion. The licensee estimated initial discharge rates from 
both pipelines and the jets that could be produced. Explosion of methane in those jets could result 
in a 1-psi over ressure at distances that "may cause major damage" to Unit 3. Formation of a plume 
ofb oyant methane could create a flammable vapor cloud. If the entire contents of the 10-mile 
pipeli e ien~ between valves were included in the cloud and an explosion occurred, "a 1-psi 
overpresy may enguir' Unit 3. 

The licensee, however, concluded that these vapor cloud explosions could be eliminated as a source 
of concern. Referencing data from a 1994 risk analysis t ext, the licensee estimated a failure 
frequency of large diameter pipelines: about 1.2 x 10-4 per year for the 5 miles of pipeline around 
Indi an Point Unit 3. Assuming a 0.01 probability ofa vapor cloud explos ion following a pipeline 
failure and a 0.1 conditional probability of core damage, the resulting core damage frequency 
contribution was less than the 10·6 screening value. 
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The NRC documented its review of the Indian Point Unit 3 IPEEE in December 2000.188 This review 
noted that the licensee did not estimate the core damage frequency from nearby facility incidents 
(which includes pipelines) to be greater than 10·6 per year. The NRC observed that the analyses 
"were done only to the level of detail needed to screen out" the event and concluded that the 
licensee appeared to have identified the sign ificant initiating events. There was no discussion 
specific to the pipelines. 

2008 Entergy Analysis 

In March 2008, the NRC expressed a concern to Entergy regarding a potential security vuln · rability 
associated with the preexisting natural gas lines. In two security-related responses submitt~·n 
April and September 2008, Entergy provided the NRC with information about tie.referenced 
location.189 Entergy referenced an analysis of pipeline incidents by Dr. David J '.t,llenjlfth Ris 
Research Group, a consultant who also prepared the analyses of nearby facility haza'rds for the 
Indi an Point Unit 3 IPEEE and conducted lat er analyses for Entergy disc ssed ln this report 

The consultant noted that the Indian Point Uni t 3 IPEEE did not asses trc c nse~ e nccs of a 
natural gas release in detail given the predicted frequency of sporitane us ruptures. Considering 
instead intentional and malicious activity, it became necessary to reevaluate the consequences of 
natural gas releases. The consultant noted that a large line break would !'esult in a remote low 
pressure alarm (in Houston, TX) and pushbu tton isolatio of about 6.5 miles of pipeline. Using the 
BREEZE and ALOHA codes, the consultant analyzed jet fires, apor cloud fires, and hypothetical 
vapor cloud explosions (though they were deemed unlikely) from a particular point near Unit 3. 

The resulting heat flux from jet fires, which could burn for over an hour depending on the scenario, 
was found to be low enough not to damage equipm nt e(c pt in the immediate vicinity of pipelines, 
with no major da mage to facil ities. (Section O belo provides additional detail on heat flux 
calculations.) Vapor cloud fires were dete rmi ed not "to be a real possibility" given the turbulence 
and high velocity with which the natural gas would exit the pipeline (making jet fires more likely). 
Vapor cloud explosions were found to be "most unlikely" given the little confinemen t near the 
pipelines. Assuming some con_finement from nearby trees, the consultant calculated overpressures 
that would not damage safetY'relate~ ructures on site. 

The consultant noted that the~ esults "diffe r at first sight from the conclus ions drawn in the 
original IPEEE ... abouJ a vapor cloud explosion or flammable vapor cloud engulfing the plant." The 
cons ultant offered t e following explanation : 

The e- :Valuation of he consequences of this event and, in particula r, the 
recognition of the effect ofturbulentr mixing as the methane exits the pipeline and of 
the fact that vapor cloud explosions involving methane do not occur in uncongested 
or semi-01'p spaces, leads us to conclude that the hypothetical engulfment of the 
plant in a vapor cloud explosion or vapor cloud fire is improbable. That saicl, a jet 
fire, i no red in the IPEEE, is likely to occur in the event a gas pipeline is ruptured. 
S fli a fire might well endanger plant staff who are unable to shelter; it would not, 
however, damage safety structures or equipment. 

2015 Entergy Analysis 

In August 2015, the NRC expressed a concern to Entergy regarding the 2008 consultant report, 
part icularly the heat flux calculations and the location where the rupture was assumed. The NRC 
a lso asked Entergy to provide details on the plant's licensing basis with respect to the pipelines. 
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In a security-related response provided to th e NRC in October 2015, 190 Entergy clar ified that the 
rupt ure location in the 2008 analysis was based on the issues raised by the NRC. Entergy also 
clarified that no t ime had been assumed in 2008 fo r isolation of the ruptured line because the 
duration did not affect the peak values calculated for overpressure and heat Aux. The analysis 
assumed that t he remaining gas would burn for a period of time after isolation. Entergy also noted 
that the Unit 2 IPEEE had referenced the change from automatic to remote (not automatic) isolation 
of the valves on the gas pipeline. Entergy determined that, since the most significant effects of a 
pipeline rupture are at the beginning ofa release, "the timing of valve closure is not considered 
relevant" and no new analysis was needed to amend the licensing basis. 

Entergy also noted that certain plant equipment had not been accounted for in the he t Qux 
calculations in 2008, and these were addressed in the updated analysis. The 20 5 a alys1s was 
conducted by the same consultant who performed the 2008 analysis, but it was ind pendently 
reviewed by another individual not employed by Entergy. The consultantconsidere dljet ires, 
delayed-ignition cloud fires, vapor cloud explosions, missile generation, a1 d sm ke. Th 2015 
analysis documented heat Aux over 12.6 kW /m2 and overpressure over 1 ps· that could negatively 
affect certain safety-related or important-to-safety equipment or struct res foi:J)nit 3. The analysis 
concluded that the following important equipment could be affected, but th t backup equipment 
would allow for safe shutdown of the plant. Other equipment was less i p rfant to the facility or 
unaffected because of shielding or distance. 191 

• Emergency diesel generators (based on heat flux at the outside air louvers). Also, some 
s hielding is provided by other buildings and the downhill slope toward the plant. 

• Several tanks with exposed instruments within the :protected area. The level instruments 
were assumed to be lost based on heat flux, which coulct result in required actions under the 
p lant technical specifications, but the tanks could still be used. 

• Equipment in the 138 kV yard. The analysis cliscusses multiple ways to restore power, as well 
as alternative sources that could be manually aligned (which the plant has analyzed). 

• Offs ite e lectrical swit hyard an transmission lines. Loss of the switchyard is postulated for 
certain rupture locations,.d loss f"tlffsite power (an analyzed event) is assumed. 

• Diesel fuel oil storage tank and tanker trailer. Entergy noted that the tanker trailer, 
re latively close to the pip~ine, was needed to move fuel from the storage tank (which was less 
likely to be affected) on the site. Separately, the team verified that t he tanker trailer was later 
moved muc arth r away from the pipeline and, combined with day tanks onsite, provides 
signifrcant fuel oil supply for the emergency diesel generators. 

• lty water tank. This water supply provides cooling or backup cooling to various important 
!ant equipment. Entergy noted that other water sources would be available in the scenarios 

th would affect this tank, though manual alignment may be needed. 

Entergy concluded that "the highly unlikely- but assumed- loss of [the] adversely affected SSCs ... 
would not prevent the safe shutdown of the plant." Entergy also stated that "exposure rates are 
sufficiently low to justify a conclusion that the original licensing basis (i.e., the gas line will not 
impair the safe operation of [Unit 3]) is met." 
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A.5. Additional NRC Evaluations of Preexisting Pipelines (2003-2015) 

2003 Security-Related Review 

Atan NRC meeting in March 2003, a member of the public raised concerns about the safety and 
security implications of the natural gas pipelines that pass through the Indian Point site. In 
response, NRC staff reviewed prior evaluations of the pipelines and assessed the ris ks of large 
releases of natural gas, including through intentional acts.192 

In assessing intentional acts, the NRC staff acknowledged that it was not valid to conside the pipe 
rupture frequency, but rather the pipeline failure had to be assumed as an initial co nBition. 
Postulating th is rupture, the NRC staff considered the consequences of a major pipe rupture a1.1.d the 
likelihood of detonation of an unconfined gas cloud. .I 

First, using the 1 psi overpressure distances included in the Indian Point Unit 3 IPEEE, the NRC staff 
calcu lated the mass of the vapor cloud that could create such an overpres ure. Usingtthe IPEEE­
refe renced discharge rates, the NRC staff observed that a vapor cloud that could cause this 
ovel'pressure could form within a minute. Another equation also indicated that a vapor cloud could 
form in a short time. (A prior study had shown a mean time between ruP,ture._and ignition of 6-7 
minutes.) The NRC staff considered the peak overpressure capacities for. the fuel handling building 
and diesel genera tor building and found that overpressures of 1 psi or less would not pose a 
significant threat, though higher pressures could pose damage. 

The NRC staff noted multiple references showing that ~ nftned vapor clouds of natural gas are 
not easily detonated. In the IPEEE, the likelihood of detonation given a large rupture was estimated 
to be 0.01. Entergy and its contractor informed the NRC that more recent information would 
support an even lower likelihood. 

The NRC staff also estimated radiant heat fluxes using the methodology from NUREG/CR-3330, 
"Vulnerability of Nuclear Power Pant Structures to Large External Fires."1'13 This re port estimated 
an equilibrium flow rate from a rupture in a 36-inch, 1,000 psig pipeline, which the NRC staff 
viewed as an upper bound sinee pipeline isolation would decrease the discharge rate over time. 
Using IPEEE discharge ra es and calcul tions for the radiant heat from a resulting fireba ll, the NRC 
staff concluded that at leas sev :ral hours of fire exposure would be needed to have detrimental 
effects on safety-related cone te structures. Some wood ignition and personnel injury would be 
expected depending on the distpce. 

The NRC staff used thi information to suggest that intentional ruptures may be an impractical and 
unlikely choice for those seeking nuclear power plant damage. The staff recommended that a 
"definitive ev luation of this aspect" be conducted as a safeguards review. 

2010 Petition Review 

In Octobe 2010, a member of the public submitted a petition under Title 10 of the Code of Federal 
Regulations (10 CFR), Section 2.206, "Requests for action under this subpart."194 This petition raised 
issues with the preexisting pipelines on the Indian Point site. The NRC staff, in considering the 
petition, reviewed historical information regarding the pipeline, as well as publicly available 
tech nical data. 195 The historical references reviewed by the staff have all been described in the 
sections above in this report. A compiled report containing safeguards information was produced 
as a record of the review. In addition, the se,curity staff developed questions for the licensee that 
were shared with regional security inspectors to address at the next baseline inspection. 
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The N RC staff also used the ALOHA modeling software to assess both the conclusions of the 2008 
Ente rgy analysis (Section 0 above) a nd the conclusions of the 2003 NRC evaluation (Section 0 
above). While details of the ALOHA calculations were not included in the summary memo, the NRC 
staff asserts in the memo that the 2003 and 2008 conclusions remained valid. 

Cons idering all of this information, the NRC staff did not identify any viola tions of NRC regulations 
or any new information that would change the staffs previous conclusion that the pipelines do not 
endanger the safe or secure operation of Indian Point Units 2 and 3. The NRC did not accept the 
10 CFR 2.206 petition for further review, stating that the issues raised had been previously 
resolved. 196 
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Appendix B. Pipeline Rupture Analysis Results 
The following pages show the letter report from Sandia National La boratories on th.e analyses 
conducted in support of the evaluation team's activities. (Note: Page numbering resumes with 
Appendix C, accounting for the lengt h of this report.) 
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AppendlxC. lndlan Point Risk Significance Analysis Results 

C.1.. Executive Summary 

Plant Name/ Unit Number: Indian Summary Tit le: Gas pipeli11e failure 
Point Ener, Cen(ijr, Uniti; 2 & 3 

licable : N A Result: Ver low safe si nificance -10·9 llCDF 

On February 13, 2020, the U.S. Nuclear Regulatory Commission (NRC) Office of the In pe'ctor 
General (OIG) issut'd an Event lnquily, "Concerns Pertaining to Ga~ Transmission Lintis at the 
Indian Point Nuclear Power Plant" (Case No. ~ ). In that report, the DIG raised ~orlcerns 
regarding (1) the NRC's safety analysis that supported the Federal Energy RegiJ,lato~ Commission's 
(FERC's) determination to approve modifications to gas pipelines at Indian Point an~ (2 the NRC's 
response to a petition filed under Title 10 of the Code of Federal Regulations (10 CPR), 
Section 2.206 on this topic. ~ · 

On February 24, 2020, the NRC Chairman directed the NRC staff review wh~ 1er any information in 
the OIG report demonstrates that the staff should revisit either the safety an lysis or its response to 
the 10 CFR 2.206 petition, as well as to evaluate whether any modifications to agency practice or 
procedures are needed or appropriate based on the OIG re ort. As part of this review, the staff 
initiated a risk assessment of gas pipeline rupture at botll Indian Point Unit 2 and Unit 3. 

During the review of the previous safety analyses,,,she team noted that risk was used numerous 
times, by both the licensee and the NRC to judge that there was no safety concern. The pipeline 
rupture failure probabilities reported by the Department o i'fransportation's Pipe Ii ne and 
Hazardous Materials Safety Administratibnfl?HMS,A') are higher than those listed in Entergy or NRC 
reports. This discrepancy pushes the gas pi pp.line rupture frequency higher than screening values 
(1 x 10·6 per year when based on conservative ass'umptions, or 1 x 10·7 per year when based on 
realistic assumptions) in Regulatory Guide 1.9 

C.2. Analysis Results 

The risk analysis considers th additional risk associated with the gas pipeline rupture. This 
evaluation only considers the impact for in ternal events with the reactor at-power. 

Change in Core Damage req ency. The increase in core damage frequency (llCDF) for this event 
is 1.6 x10·8 er year. 

Dominant Sequence. Gii m the low risk contribution, the dominant accident sequences for the 
over II model a unchanged. The dominant accident sequence for the gas pipeline failure is 
sim ltaneous convnon-cause failure of all emergency diesel generators to run and failure of the 
opera ors to recover the diesels. 

C.3. Risk Analysis Detalls 

Analysis Type: An expert at Idaho National Laboratory created an event tree modeling effects of a 
pipeline rupture. Initiating event frequencies were generated based on data from PHMSA. The 
analysis also includes the likelihood and impacts of a pipeline rupture in response to all other 
modeled internal events during the 24-hour mission time. 

Model Used: Indian Point Unit 2 Standardized Plant Analysis Risk (SPAR) Model, Version 8.59 and 
Indian Point Unit 3 SPAR model, Version 8.56 
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Software Used: SAPHIRE Software, Version 8.2.1 

Exposure Time and/or Date of Occurrence: The analyst used the full 1-year exposure time. 

Key Modeling Assumptions: The following modeling assumptions and associated basic event 
modifications were applied for this event analysis: 

• Failure mode: A gas pipeline rupture causes an unrecoverable loss of switchyard and loss of 
city water. These failures were based on the results of the initial blast analysis done by Entergy. 

• Initiating event frequency: The failure data provided by PHMSA (see Appendix D) shows that 
from 2002-2018, 15 ruptures occurred of pipe that (1) has a diameter greater thaq_ 20 inc es; 
(2) has a maximum operating pressure of greater than 300 psig; and (3) is a Class 2, 3 or 4 
pipeline. The initiating event frequency was calculated by using the bounding assumption that 
all 15 of these pipe rupt ures resulted in detonation. The data shows t~at ignition only occurs 
approximately 50 percent of the time. Additionally, the data is for pip'es greater than 20"; since 
2002, no ruptures of onshore 42-inch diameter pipes have been reP.ort d (one 42-inch inch 
p ipe ruptured offshore during Hurricane Ike). Furthermore, t e inif iating event frequency 
assumes that one mile of pipeline is affected; however, there is only~,9~5 feet (0.75 miles) of 
pipeline that would have an impact on the facility. Using these assumptions, the initiating event 
frequency is calculated to be 1.94 x 10·5• k 

• Appendix R diesel alignment: The analyst assumel th}t he Appendix R diesel for Unit 3 can 
be aligned within 13 minutes and that pumps orn he chemical a nd volume control and 
component cooling water systems can be aligned to preyent reactor coolant pump (RCP) seal 
failure following a loss of offsite power and station blacl<out. 

• Seismic failures: Seismic failure of R s pipeline was not explicitly modeled as a cause of the 
p ipeline failure. 

• FLEX: FLEX equipment was not credited for these calculations; however, implementation of 
FLEX procedures and equipmen would be beneficial in furthering reducing the risk impacts of 
a pipeline rupture, as the pipeline rupture could cause an extended loss ofoffsite power. 

• Ex-vessel core damage: The analyst did not account for the impact of the performance 
deficiency on ex-core sources, such as spent fuel in the pool, dry fuel storage, or other sources. 
These sources ar outside o.f the scope of the SPAR models. This risk has been evaluated in 
Section 2.5 of the eport, 

• Human relia ility analysis: The gas pipeline rupture and detonation are expected to have 
minimal im,pact on the human failure events that are required to mitigate the accident, given 
-the dista'lce ram the blast of the locations where these actions would be taken. Table 2 shows 
h uman failure events that are modeled as part of the gas pipeline rupture risk assessment. 

T bl 2 N a e ul n ai ure events use in t le gas pipe ine rupture ris assessment. Ji I d 

Event Description 
ACP-XHE-XM-RESET Operator Fails to Reset MCCs [motor control centers] Following LOOP 

noss of offsite powerl Or SI [safety injectionl 
AFW-XHE-XM-HC405 Operator Fails to Operate Hc-405a_B_C&D 
CCW-XHE-XM-AC810 Ooerator Fails to Isolate Non-Ree:enerative Heat Exchane:er 
CCW-XHE-XR-MDP31 Ooerator Fails to Restore CCW MDP-31 After T & M 
CCW-XHE-XR-MDP32 Ooerator Fails to Restore CCW MOP -32 After T & M 
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Event Description 
CCW-XHE-XR-MDP33 Operator Fails to Restore CCW MDP -33 After T & M 
EPS-XHE-XL-NR0lH Operator Fails to Recover Emere:encv Diesel In 1 Hour 
EPS-XHE-XL-NR02H Operator Fails to Recover Emere:encv Diesel In 2 Hours 
EPS-XHE-XL-SEO Operator Fails to Recover DG [Diesel Generatorl Load Sequencers 
EPS-XHE-XM-APPR Operators Fails to Start & Alie:n Appendix R DG to Bus 5 Or Bus 6 
EPS-XHE-XR-DG31 Operator Fails to Restore DG-31 Followinl! T&M 
EPS-XHE-XR-DG32 OPerator Fails to Restore DG-3 2 Follow in!! T&M 
EPS-XHE-XR-DG33 Operator Fails to Restore DG-33 Followine: T&M r---..."'-
HPI-XHE-XM-FAB Operator Fails to Initiate Feed and Bleed Coolin!! \ ,'\ 
HPI-XHE-XM-RECIRC Operator Fails to Statt/Control High Pressure Recirc - PWR 1 
MSS-XHE-XL- Operator Fails to Align B/U Nitrogen to Advs ~ '~ -NITROGEN , 
PWR-XHE-XM-DEPRCS Operator Fails to Depressurize RCS/Secondary (SSC] '/ 

RCS-XH E-XM-RCPTRIP Operator Fails to Trip RCPs after Loss of Cooling 
SWS-XHE-XM-2930 Operator Misaligns ESS & Non ESS HDRs Valves SW-=.29 & 30 
SWS-XHE-XM-NONESS Operator Fails to Start SWS MDPs Given a LPO!1Or SI ,. 

Uncertainty: The analyst performed an uncertainty quatification for the pipeline failure event 
tree using Monte Carlo sampling with 5,000 random samples. ~ ble 3 below presents the results of 
this analysis. It should be noted that even the tailsp fthe uncert inty analysis are well below 
actionable levels. ~ 

Table 3. U11ccrta/11ty quantificat/011 for ,·tsk assessment. --
Unlt Z Unit 3 ( D Sample size 5,000 5,000 

Events 177 196 
Cutsets 917 846 
Point estimates 1.63E-08 1.60E-08 
Mean value 2.19E-08 2.02E-08 
51• percentile S.43E·11" 3.89E-11 
95'0 percentile •s.s6E-08 8.31£-08 
Median value 6.72E-09 4.86£-09 

-.., 
C.4. Sensitivity Studies 

Two sensitivity studies were performed for this analysis: one on the consequences of 
overpressurization and the other on the initiating event frequency. 

Overpressurlzatlon Study 

Because ) the uncertainty associated with the consequences of overpressurization from an 
explosion, the team conducted an analysis assumed more equipment and structural fa ilures. 
Specifically, the team assumed that all equipment not in a seismic Catego1y I structure (i.e., not 
located in the primary auxiliary building, diesel generator building, or reactor containment), such 
as balance of plant systems and the Append ix R diesels, was lost upon the postulated pipeline 
rupture. The seismic Category I buildings are designed to withstand a pressure drop of3 psi 197, and 
it is assumed that the overpressurization at those locations would not exceed this value. 
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For Unit 2, the change in core damage frequency for this scenario was 1.6 x 10·6• This remains well 
below t he agency's threshold for a "small" change in risk of one in a million years. 

For Unit 3, the change in core damage frequency for this scenario was 1.7 x 10·8• This remains well 
below the agency's threshold for a "small" change in risk of one in a million years. 

Frequency Study 

Base d on PH MSA's data, there was some con cerns that because of the calculated frequency is based 
on a mileage that included all diameters of pipes, not just large pipes, that it may be non­
conservative. The analyst performed an independent data analysis based on publicly available 
data.198 For the last 10 years, the analyst det ermined that the failure frequency for ruptures ill Class 
2, 3, or 4 carbon steel transmission lines having pipe diameters greater than o l qual to 20 incl\es 
and maximum operating pressure greater than or equal to 300 psig is 2.4 x 10· per ~1ile per year. 
The failure data show that, over a period of 10 years, 26 ruptures occurred across 4\ 501.75 miles 
of pipeline, and 42 percent of these ruptures occurred on pipes thatwer¼ arger han 20 inches. 

C.5. The risk results considering higher fallure frequency value are stlll well 
below the agency's threshold for a small change. Summary 

The analysis shows that the risk of a gas pipeline ruptureiis of very low safety significance both as 
defined in the significance determination process and bafe'd on the definitions in Regulatory 
Guide 1.174. The results for each model can be se4 b~ ow in Table 4. 

Table 4. Results of sensitivity s tudies. / 

Model 
Un it 2 base case 
Unit 2 fre uenc sensitivi 

Analyst: Suzanne Den 1s 

Reviewed By: effer Wood 

Date: March 28, 2020 

Date: March 30, 2020 
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Appendix 0 . Plpellne Rupture Data from PHMSA 
Table 5 below presents onshore gas transmission incident data for 2002-2019 obtained from the 
Department of Transportation's Pipeline a nd Hazardous Materials Safety Administr ation (PHMSA), 
as of March 3, 2020. The selected incidents are leaks or ruptures in Class 2, 3, or 4 p iping having 
pipe diameters greater than or equal to 20" and maximum operating pressure greater than or equal 
to 300 psig. From 2002 to 2019, incidents were categorized as pipeline ruptures in the body of the 
pipe or pipe seam. From 2010 to 2019, incidents were categorized as pipeline ruptures in the pipe 
body, pipe seam, or girth weld. 

Table 5. l'ipeline r11pture incidents obtained from PIIMSA. 

LEAK or 

~ 
Year LEAK RUPTURE RUPTURE 

2002 3 1 4 
2003 1 1 2 
2004 4 1 5 
2005 2 0 2 
2006 2 1 3 
2007 2 2 4 
2008 0 1 1 
2009 2 0 2 
2010 0 2 2 
2011 1 0 1 
2012 2 1 3 
2013 0 0 0 r- ' 2014 3 3 6 ' 

,, 
2015 0 0 0 
2016 0 0 0 ' 2017 1 1 ..... ' 2~ 
2018 1 1 2 . 
2019 0 0 0 ' 

Based on 2018 info,,mation (the,,,nost recent available), there were a combined 45,501.75 miles of 
pipeline in the United States~ tegor ized as Class 2, 3, and 4 piping. with a ratio of stress at 
maximum a owed opei;_ating pressure to specified minimum yield stre ngth of greater than 
30 percent. Pipelines ofa diameter greater than 20" in diameter, as included in the incidents above, 
would be subset of this mileage. (See Section C.4 for a sensitivity study related to th is data.) PHMSA 
does not have data on mileage of specific piping classes and diameters combined. 
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Appendix E. Peer Review of This Report 
The evaluation team requested a peer review of this report by Dr. Peter Riccardella, a member of 
the NRC's Advisory Committee on Reactor Safeguards. Dr. Riccardella has more than 45 years' 
experience working on the structural integr ity of nuclear power plant components. He is an 
authority in the application of fracture mechanics to nuclear pressure vessels and piping and has 
made significant contributions to the diagnosis and correction of materials degrada tion concerns at 
operating plants. He has been a principal investigator on a number of Electric Powt'r Research 
Institute projects and served more than 20 years as a member of the American Sociery-of 
Mechanical Engineers Subcommittee on Nuclear Power Plant lnservice Inspection. Dr. Rice rdella 
earned his bachelor's, master's and doctorate degrees in mechanical engineering from arnegie 
Mellon University, and is a Fellow and Life Member of the American Society of Mechanical 
Engineers. 

The team incorporated most of Dr. Riccardella's detailed suggestions into_the fi al version of this 
report. Dr. Riccardella's general comments on the report are inclu~ d below for ompleteness. 

As r eferenced in Section 2.1.1, Dr. Riccardella noted that: 4 
... the method used to establish the initiating event frequency, altl\ough based on 
actual data, does not have a high degree of statisti a confiaence Ir relevance to the 
AIM pipeline. The data are a limitecl sample, and t here were likely different causes 
and conditions associated with each of the 1fteen rupture events (seam weld 
manufacturing defects/low toughness, ex ernal corrosion, stress corrosion cracking, 
and third-party damage are the more common one . And these conditions are not 
directly applicable to the subject AIM pipeline. Most, if not all, of these failures were 
likely in legacy pipelines, manufactur d to less rigorous standards than current 
practice and have been subjectea to many\Years of potential in-service 
degradation. This is espe ·ally true for th ~ 4000 ft of enhanced AIM pipeline in 
closest proximity to [In i n Point). Therefore, although there is a high degree o[f] 
uncertainty in the assumed initiating event frequency, it is likely that the 
uncertainty is in the airection of making this estimate much higher than the true 
rupture frequency of that pipeline segment. 

The team agrees. As noted in Appendix C, the initiating event frequ ency used by the team is likely 
higher than a more deta1led realistic data analysis would show. As the risk numbers are much lower 
than the agency's thres~old for action, the team did not perform a detailed data ana lysis to estimate 
a lower pipeline ~ ilure f requency. 

Dr. Ricc~ella also noted that: 

RG 1.174 Jso states that 'If the application clearly shows a decrease in CDF, the 
change will be considered to have satisfied the relevant principle of risk-informed 
re~ulation'. My understanding is that the 42" AIM pipeline replaced two existing 
legacy pipelines closer to the IPEC site, which were subsequently retired in place. If 
this is true, then the modification to the licensing basis clearly can be shown to 
satisfy this criterion, since the initiating event frequency would have been much 
higher for the legacy pipelines than for the new one, and the consequences w ere 
also likely to have been higher. 
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Appendix F. Biographies of Evaluation Team Members 
David Skeen (team lead) is a member of the Senior Executive Service and has served as the 
Deputy Director of the Office of International Programs since June 2014. From 2011 to 2014, he 
served as the Director of the Japan Lessons-Learned Directorate leading the agency's response to 
the Fukushima Dai-ichi accident. He first joined the NRC in 1991 as a reactor systems engineer and 
served in a number of progressively responsible technical, policy, and management positions at the 
staff and Commission staff levels. Prior to jo,ining the NRC, Mr. Skeen worked in the electrical 
construction industry for 15 years on large industrial projects, including both fossil apd nuclear 
power plants. Mr. Skeen received a bachelor's degree in electrical engineering from West Virginia 
University. 

The resa Clark (deputy team lead) has served as the Deputy Director of the Division of 
Rulemaking, Environmental, and Financial Support since November 20lt She is am r')lber of the 
NRC's Senior Executive Service Candidate Development Program. Ms. Cl~ joined th~RC in 2004 
and has served in progressively responsible positions, including as an Executive Technical Assistant 
providing technical and policy advice to the agency's senior exec~ves, the chief of the Mechanical 
Engineering Branch in the Office of New Reactors, and a reliability and r~ k nalyst. Ms. Clark 
earned bachelor's and master's degrees in materials science and engineering from the University of 
Maryland. 

Dr. Yueh-Li (Renee) Li is a senior mechanical engineer in the NRC's Office of Nuclear Reactor 
Regulation. She is an agency expert in the review of piping design and pipe break hazard analysis 
for new nuclear power plants. Dr. Li joined t he N RC in 980 as a mechanical engineer. Prior to 
joining the NRC, Dr. Li was a senior stress analyst and senior nuclear staff at Bechtel Power 
Corporation for four years. She earned a Pfi.D. degree in mechanical engineering and a master's 
degree in nuclear engineering from The Cat'1olic lfniversity of America and a bachelor's degree in 
nuclear engineering from National Tsinghul Uni;rsity in Taiwan. 

Suzanne Dennis is a Risk and Reliability Engineer in the Office of Nuclear Regulatory Research. She 
joined the NRC in the Office of New Reactors as a Risk and Reliability Analyst in 2009 and has 
developed specialized expertise in the area of external hazard risk analysis. She holds a bachelor's 
degree in nuclear engineering from Mi souri University of Science and Technology and a master's 
degree in reliability engineer~ from the University of Maryland. 

Brian Harris, Esq.~ the Deputy' Assistant General Counsel for Reactor and Materials Rule making 
and was previously th Acting Assistant General Counsel for Operating Reactors. Mr. Harris joined 
the NRC in 2009 s a st ff attorney and was the lead legal advisor for the agency's response to the 
accident at the Fukushima Dai-ichi nuclear power plant. Before joining the NRC, he was an associate 
at Townsend, Tow.nsend & Crew and Pillsbury Winthrop Shaw Pittman. Mr. Harris's previous work 
experiences inclui:le the U.S. Navy as a nuclear-trained surface warfare officer and as part of the 
Joint Staff for the J-2, Director of Intelligence. Mr. Harris earned a law degree from the University of 
Richmond._Sc ool of Law and bachelor's degree in chemical engineering from Brigham Young 
University. 

Steve Nanney has worked in for the past 15 years in the Engineering and Research Division of the 
Pipeline and Hazardous Materials Safety Administration (U.S. Department of Transportation). Mr. 
Nanney has worked on the development and implementation of his agency's Integrity Management 
Program, rulemakings, special permits, stakeholder outreach, and pipeline research programs. He 
previously worked in industry for 29 years, including operations, design, construction, and 
marketing of gas and liquid pipelines. His industry experience also includes U.S. offshore drilling 
and gas production operations a nd several years of greenfield development of gas pipelines outside 
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the United States. Mr. Nanney has a bachelor'.s degree in civi l engineering from the University of 
Miss issippi and a master's degree in petroleum engineering from the University of Houston. He is a 
registered professional engineer in Texas. 

Dr. Anay Luketa is a Principal Member of Technical Staff at Sandia National Laboratories in the 
Fire Science and Technology Department". She serves 11s test director of large-scale Are eX"periments 
and performs numerical ana lysis. Her area of expertise pertains to analysis, utilizing computational 
tools for applications that span turbulent reacting and non-reacting now, solid mechanics, and 
shock-physics. Specific applications have involved pool fire, blast, and dispersion calculations for 
hazard analysis involving liquefied natural gas, as well as fires involving composites, propellants, 
and other hydrocarbons. She was the lead technical author of guidance reports addressing ri~k 
management of large liquefied natural gas carriers. She has bachelor's degrees in mathematics and 
in psychology from Seattle University, and a master's degree and Ph.D. in mechanic.\1 engineering 
from the University of Washington. f \ ' 
Dr. Chris Lafleur is the program lead for Hydrogen Safety, Codes, and S~ ndards ft Sandia 
National Laboratories in Albuquerque, NM, where she is responsible fot the fire QSk program 
activities and conducting research on the fire risks of emerging energy t chnologies. Before joining 
Sandia, she worked at General Motors and Parsons Engineering Science. Dr. La Fleur earned 
bachelor's degrees in geology and mechanical engineerini;: from the University of Rochester, a 
master's degree in fire protection engineering from the University of Maryland, and a doctorate of 
engineering in manufacturing engineering from the University of Michigan. She is a licensed 
professional engineer. 

Jamal Mohmand is a Member of the Technical Staffat Sandia National Laboratories. Mr. Mohmand 
has several years of experience of building fire risk-models. In part icular, Mr. Mohmand's expertise 
lies in plant partitioning, ignition frequency, fire scenario selection, quantification, uncertainty 
analysis, and model integration. Mr. Mohmand has helped build and maintain seve.-al fire risk 
models for plants across the country. Mr. Mohma d has participated in peer reviews, plant 
walkdowns, significance detenpination process--responses, and safety reviews of probabilistic risk 
assessment models. He graduated from Texas A&M University with a Bachelor of Science in 
Radiological Health Engineering in 2017. 
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Figure 1. Aerial view of the Indian Point Energy Center on the east side of the Hudson River. This view shows the Unit 2 containment and turbine building on the left, the Unit 
1 containmentin the center, and the..!fnit 3 containment and turbine building on the right. {Some older aerial photos show a red and white stack associated with Unitl; it has 
been removed and only the white base is showing to the left of Unit 1.) 
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Figure 2. Satellite map view of Indian Paint Energy Center (near top right). Southwest of the plant (marked Lafarge Gypsum) is a gypsum plant not associated with the 
nuclear power plant (Imagery ©202p Maxar Technologies, New York GJS, USDA Farm Service Agency, Map daca ©2020 Google.) 
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New pipeline infrastructure in New England (2016) 
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Figure 3. Overview of AIM pipe1ine infrast,:_ucture. Source: U.S. Energy Infonnotion Administration (https:llwww.eia.qov/todayinenerqvldetail.php?id=Z9032). 
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Fi9ure 4. Fi9ure 10.5-3 from the AI~application, showi119 the pipeline route in yellow and the alternative (not selected) for a northern route throu9h the Indian Point site in 
red. 
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Figure 5. View of the 42-inch AIM pipeline from near Indian PoinL At.left is a view ofthe right of way from a cemetery southeast of Indian PoinL The pipeline area can be 
identified by the lighter grass beyond the trucks on the opposite side·ofthe road (B~oadway); the Indian Point SOCA is well outside the frame to the right; the red and white 
tower is the meteorology tower that /Intergy assessed for pipelif'B-rupture impacts. At center is a view of the right of way from within the Indian Point property. The pipeline 
area can be identified by the lighter grass beyond the fence (behind the white items); the Indian Point SOCA is well behind the viewer and to the left of the frame. The photos 
show the hilly terrain near the site, with the pipeline in a (ow \ rea. The image at right shows the Indian Point site near the top, blue dot with the location where the center 
phoro was taken. and cemetery in the clear area near t:be bottom right. Th?'pipeline area can be idenr-ified by the clear-mt through the trees; the Buchanan switchyard is just 
to the right of the frame where the road (Broadway) inte=p the edge of the image. The photos were taken by the team en March 12, 2020. (Right image: Imagery ©2020 
Maxar Technologies, New York GIS. USDA Farm Service Agency,,Map data ©2020 Google.) 
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Figure 6. Images of above•ground connections where the 26-inc1".h1 30•inch1 and 42-inch pipelines connect, east of Indian Point These photos were tnken by the team on 
March 12, 2020. 
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Figure 7. Figure 3.1 from Gas Research Institute / C·FER report comparing pipeline rupture damage areas to a proposed high consequence area ( HCA) hazard area radius, 
which became the potential impact radius in Department of Transportation reg ulations. 
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Figure 8. Pipeline rupture accidentimages obtr_Jined from PHMSA Accident sites are: {1) Appomattox, VA in 2008, (2) Artesia, NM in 2019, {3} Danville, KY in 2019, and 
(4) Moundville, OH in 2018. 
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Appendix H. Chronology of Events and Documents Related to Indian Point Pipeline Review 
Date category Activity Reference 
1968-08-30 Licensee Consolidated Edison toncludes in Indian Point Unit 3 preliminary 1'4l-~illi\1 

Review/ safety analysis report Supplement 1 that pipeline fire will not 
Analvsis endaneer lJnit 3, references 4-minute automatic isolation 

1973-09-21 U.S. Nuclear U.S. Atomic Energy Commission concludes in Indian Point Unit 3 1 MLQ7l260465 
Regulatory operating license safety evaluation report that pipeline failure will not 
Commission impair safe operation '11 
(NRC) Review / 

~ 11 Analysis 
1975-0 1-31 NRC Guidance NRC issues Revision Oto Regulatory Guide 1.91 11, ML 12 2981\ 13 3 
1978-02-28 NRC Guidance NRC issues Revision 1 to Regulatory Guide 1.91 .. MLOQ3Z40286 
1982-03-05 Licensee Power Authority of the State of New York and Consolidated Edison ML093430890 

Review/ submit Indian Point Probabilistic Safety Study to NRC' 
Analysis 

1982-12-31 NRC Review / NRC completes review of Indian Point Probability Safety Snidy ML091510534 
Analysis (NUREG/CR-2934), including heat flux and missiles from pipeline 

explosions/leaks 

1983-01-21 Licensee Power Authority of the State of Ne"I York and Consolidated Edison ML093431171l 
Review / submit Amendment 1 to Indian Point Probabilistic Safety Study to 
Analysis NRC, updatine several analyses [but not pipeline) 

1984-04-02 Licensee Consolidated Edison and Power Authority of the State of New York ML1Q0321844 
Review / submit Amendment•2 to Indian Point Probabilistic Safety Study to 
Analvsis NRC. uodaline-several analvses (but not oioelinel 

1995-12-06 Lkt'nsee Cunsulitlalt'tl Edisuu ~c;reeus µfpeliue failure uul uf Indian Puinl Unil 2 MLl 1227 AlOO 
Review/ Individual Plant Examination for External Events [IPEEE) based on 
Analysis low freq_uenct, notei;•that automatic shutoff valves had been removed 

1997-09-26 Licensee New York Power Authority screens pipeline vapor cloud explosion ML112,!7A102 
Review/ outoflntlian Point Unit 3 IPEEE based on low frequency 
Analysis 

1999-05-14 NRC Review/ NRC issues safety evaluation of IP2 IPEEE, noting that natura l gas MLQ9QJ3Q6QB 
Analysis pipeline accidents were screened based on frequency 

2000-10-25 10 CFR 2-.206 ,NRC Updates Management Directive 8.11 on Title 10 of the Code of ML04177U328 
Federal Regularions (10 CFR) 2.206 petition reviews (most recent 
update before pipeline-related petitions) 
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Dale Ca~ gor-y Activity Refo1·ence 
2001-02-15 NRC Review/ NRC transmits Indian Point Unit 3 IPEEE safety evaluation to Entergy, ML11227JH03 

Analysis noting evaluation and walkdowns of pipeline 
2003-04-25 NRC Review / NRC documents review regarding safety hazard of exposed natural memo:t,J1J..W~ (public} 

Analysis gas pipelines near the Hudson River shoreline : enclosure: ML031210213 [non-public) 

2007-02-28 NRC Guidance U.S. Environmental Protection Agency and National Oceanic and hlll!~,i'b111!JiS,el]<1,g11v L 
ALmosphetic Administration issue ALOHA User's Manual 

2008-03-12 NRC Review / NRC issues Request for Information Rl-2008-A-021 on gas pipelines non-public (not in ADAMS) 
Analysis 

2008-03-28 Licensee Entergy completes safeguards analysis for pipeline explosiil/1 near .NS107994 (non-public, safeguards) 
Review/ Indian Point Unit 3 
Analysis 

2008-04-12 Licensee. Entergy changes licensee-controlled documents tn removegas - M LQ9Qt l QQ67 
Miscellaneous turbine references and add station blackout and Appendix R diesel for 

Indian Point Unit 2 
2008-04-23 Licensee Entergy provides initial response to Rl -2008-A-021 on gas pipelines non-public (not in ADAMS} 

Review/ 
Analysis 

2008-05- 12 NRC Guidance NRC/Office of Nuclear Reactor Regulation CNRR)Jssues office ML072750452 (non-public) 
instruction ADM-405, "NRR Techni<}al Work Product Quality and 
Consistency," Revision 1 

2008-09-30 Licensee Entergy provides suppltl'nfntal analysis to RJ-2008-A-0021 on gas letter, (non-public. not in ADAMS) 
Review/ pipelines, enclosing 08/ 14/2008 Risk Research Group analysis enclosure: ML103140627 (non-public) 
Analysis 

2008-10-20 Licensee Misc Entergy updates Indian Point Unit 2 final safety analysis report to Chapter 2: ML083390226 [non-public) 
correct r~fe11ences to szas Pioelines 

2009-10-13 Licensee Misc Entergy updates lnd1an Point Unit 3 final safety analysis report to Chapter 2: ML093430729 (non-public) 
include 200~ pipeliJ}e analysis information 

2010-04-12 Correspondence NRC responds to 03/04/2010 email from Paul Blanch re: Indian Point Ml 101020487 
/ Meetings _,Pipeline "unanalyzed condition," referencing 2008 and earlier 

analvses 
2010-05-27 Licensee Misc Ente.-gy ~orrects description of pipelines in Indian Point license ML!01590515 

renewal application 

2010-07-06 Correspondence N,RC responds to 06/08/2010 email from Paul Blanch re: Texas MWJU~ 
/ Meetings' pipeline incidents and applicability to Indian Point 

2010-10-25 10 CFRZ.206 Paul Blanch submits 10 CFR 2.206 petition regarding pre-existing gas MLl03020293 (public) 
pipelines MLi02990527 (non-public) 
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Dale Catego1)1 Activity Reforence 
2010-11-02 10 CFR 2.206 NRC holds Petition Review Board meeting regarding 10/25/2010 ML1030810Z7 

10 CFR 2.206 petition from Paul Blanch 
2010-11-05 10 CFR 2.206 Paul Blanch supplements 10 CFR 2.206 petition re: hazard frequency ~L l.Q1.l~Q.U.4 (public) 

and 10 CFR 50.59 review on change to non-automatic valves ML1031603T7 (non-public) 

2010-11-09 10 CFR2.206 NRC holds Petition Review Board meeting regarding 10/25/2010 ML103190l25 
10 CFR 2.206 petition from Paul Blanch 

2011-03-03 10 CFR 2.206 NRC holds Petition Review Board meeting regarding 10/2S/201Q Ml,J.1068Q09_Q 
10 CFR 2.206 petition from Paul Blanch 

2011-03-03 10 CFR 2.206 Paul Blanch supplements 10 CFR 2.206 petition re: 10 CFR 50.59 MLl10630131 
review on change to non-automatic valves and Part 100 siting 
requirements . -

2011-03-04 NRC Review / NRC/Office of Nuclear Security and Incident Response completes NS108076 (non-public, safeguards) 
Analysis safeguards review of Indian Point gas pipelfnes (referenced in staff 3/ 7 memo: ML110700162 (non-public) 

memos) 3/ 23 memo: ML11223A041 [public), 
ML110750113 (non-public) 

2011-03-31 10 CFR 2.206 NRC rejects 10/25/2010 Paul Blanch petition, finding that issues had ML110890309 
been pr~viously resolved 

2011-07-20 NRC Guidance NRC issues draft Revision 2 to Regulatory Guide 1.91 (DG-1270) for Ml..1.liU9Jlill 
public comment 76 FR 43356 

2012-06-15 10 CFR2.206 NRC staff responds to Atomic Safety and Licensing Board order re: 10 ML12167A524 
CFR 2.206 petitions 

2013-04-17 NRC Guidance NRC issues Revision 2 to Regulatory Guide 1.91 ML12170A9BO 
2013-12-23 NRC Guidance NRC/ NRR issues,office instnk tion ADM-405, "NRR Technical Work ML13337 A212 (non-public) 

Produel Quality alfd Consistency," Revision 2 

2013-12-30 NRC Guidance NRC/ NRR issues office1nstruction COM-106, "Control of Task ML13300A002 
Interface Agr,eemeots." Revision 4 

2014-02-28 AIM/ FERC Algonquin Gas Transmission. LLC submjts application to the Federal bttus: //,:library [cn;.g,Q.Uiili.11ws /tjh, list a 
!,nergy Regulatory Commission (FERC) for Algonquin Incremental SJ!7dorument id=l 4190856 

- Mar'ket (AIM) project under CP14-96 bLLo~· Ui:librnr:i hm ~!!~lidwiv~Lflk.Ji.ru 
sp1 dm::ument 1d=11:244129 

2014-04-02 AIM/ FERC. NRC and FERC meet to discuss whether to cooperate on FERC btltl~,lL~libm:i f~[r;:22vlidm~~l[lli: lista 
environmental impact statement for AIM pipeline s1fldocumt'nt id-=14209634 
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Dale Category Aclivity Reforence 
2014-04-30 AIM/ FERC Algonquin Gas Transmission, LLC submits info on Hudson River htrns: Uelibrai:y.fer!; eov lidmws l1:ommon 

crossing, Indian Point location, and aerial view with measurements ~tiilL iWl1fil~ll:l-l3S321lfifi (see pp. 
near Indian Point to FERC 85 and315) 

2014-os:30 NRC Guidance NRC/NRR issues office instruction LlC-504. "Integrated Risk-Informed •l-1LI~3SA,4J. 
Decision-Making Process for Emergent Issues." Revision 4 

2014-07-29 Licensee 5059 Spectra sends information on AIM pipeline enhancements to Entergy obtained from Entergy through IP se.nior 
(via Morgan Lewis) [Ref. 7 in 08/21/2014 10 CFR 50.59 evaluatioh] resident inspector 

2014-08-06 AIM/ FERC FERC issues draft environmental impact statement for AIM pipeline . hl~' U~IY~-feci;,g2~ limll1~!.[I ~~ li:a~ lw 
!ri'llei~l20 l 4[0!H!6-14-e1s.asp 

2014-08-21 Licensee 50.59 Entergy submits 10 CFR 50.59 evaluation Ill for AJM pipeline MLl4245Al10 (letter and End. l ) 

' ML14245All1 (Encl. 2 non-public) 
. . ML 1506]AZ19 (End. 2 µublicJ 

2014-09-07 AIM/ FERC Paul Blanch submits comments on FERC draft environmental impact ML18177A401 (Enclosure 3) 
statement 

2014-09-30 AIM/ FERG NRC submits comments on FERC draft environroental impact l!!111s;lL~libu1ry.f~r!;;,gQv lid111J'll~Lfilf ]i~ta 
statement, referencing planned 10 CFR 50.59'inspection ~-1~zsszao 

2014-10-15 10 CFR 2,206 Paul Blanch submits 10 CFR 2.206 petition re: Entergy 10 CFR 50.59 MLl4294A751 
evaluation I 

2014-10-16 Licensee 50.59 NRC/Office of New Reactors (NRO) documents "safety review and ML14329Al89 (non-public) 
confirmatory analysis" re: Entergy's 08/21/201410 CFR 50.59 ML15070A086 (public, redacted) 
evaluation 

2014·10·17 AIM/ FERC NRC and FERC mee.t to dls,uss NRC 10 CFR 50.59 inspection bll1J5; llr:1 i bm~-l!:[!;.i<!~L1d WW tfil1.1 I iSkil 
sp?document id~14276308 

2014-10-30 Lin,11see 50.59 NRC Regio11f Divisiu11 of Reacluz· Safely L'U111pleles 10 CFR 50.59 Ml,.143076748 
inspection feedei:,_to quarterly inspection report for Indian Point 

2014·11·03 AIM/ FERC Rick Kuprewifz provides report on AIM pipeline to Town of Cortlandt, ML14352A397 
questioning 3--minute assumption and asking for safety /risk 
,asse~sment'(submitted as supplement to 10/15/2014 petition) 

2014-11-07 Licensee .50.59 NRC is_sues inregrated inspection report including 1 O CFR 50.59 ML 14314A052 
inspection results 

2014·11·11 Correspo4..cfence Paul Blanch responds to 11/06/2014 email from Dorl Willis re: ML15008A117 
/ Meetings corrosion of gas lines 

2014-12-12 10 CFR2.206 Entergy (Prussman) provides information to NRC (McCarver) re: ML L5168J\042 
basis for 3-minute valve closure time 
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Dale Catego17Y Activity Refonrnce 
2014-12-30 AIM/ FERC Rick Kuprewicz writes to FERC re: need for transient analysis, risk enclosure:in ML1502.7 Ml 9 

assessment 
2014-12-30 Correspondence NRC Chairman Macfarlane writes to Rep. Nita Lowey re: Entergy and ~143~934 

/ Meetings N RC analyses • 
2015-01-06 Correspondence Paul Blanch writes to Bill Dean [Region I Regional Administrator] re: ML l5008All '1 

/ Meetings 3-minute closure time and whether valves should be safety related 

2015-01-15 Correspondence Assemblywoman Sandy Galef writes to NRC Chairman Macfarlane re: M\,150l7A419 
/ Meetings independent risk analysis, Kuprewicz concerns 

2015-01-16 Licensee 50.59 Spectra sends Entergy updated (final) drawings for the tie-in betWeen obtained from Entergy through IP senior 
new and pre-existing pipelines resident inspector 

2015-01-23 ArM / FERC FERC issues final environmental impact statement for AIM pi_pelii)e !,tlj:ls: ll~w1~.ft·rq:o~li1ulusg:ies[gaslenl' 
1rnfr1sl.::!1l:il!1l--'3-l 5-1:1~.~sp 

2015-01-2B 10 CFR2.206 NRC holds public Petition Review Board meeting regarding ML1501:1~ 
10/15/201410 CPR 2.206 petition from Paul Blanch 

2015-02-24 10 CFR 2.206 NRC holds internal Petition Review Board meeting to discuss initial (no reference] 
decision to reject 10/15/2014 10 CFR 2.206 petition 

2015-02~26 10 CFR 2,206 Paul Blanch writes to Doug Pickett (project mana-iter) re: source for ML15057 A530 
3m closure time 

2015-03-03 AIM/ FERC FERC issues approval order for AIM p1peline h!!l)s: [lwv.w.f erc.gov lCalendarFiles [201 
su303120120-ce11::2fi-uoo.12df 

2015-03-13 Correspondence NRC (Evans) respo,n,ds to Assemblyw6man Sandy Galef re: 60-minute ML1SOSOAl31 
/ Meetings analysis, Petition Revie"1 Board process 

2015-03-17 Correspondence Paul Blanch writes to Commissioners re: delay in 10 CFR 2.206 ML15082Ml9 
/ Meetings acknowledgemeot [t'tteT, deficiencies in NRC analysis 

2015-03-27 Correspondence Paul Bl<1n ch writes. to NRC Chairman Burns re: testimony before Rep. ht1Jl~;Ui:lilm1cl1 [en; gi•~lidmivs L~!.!WOl!W 
/ Meetings Lowey L012enNatasp?filelD~l382912 l 

2015-03-19 10 CFR 2.206 NRC/NRO documents sensitivity study regarding 3-minute isolation ML15078A067 
valve closure time on AIM pipeline Undated document; date estimated based 

on ADAMS addition. 
2015-03-30 Licensee 50.59 NRC/NRR documents peer review of Entergy anti NRC analyses re: M LJ 533 J A342 

10 CFR 50.59 

2015-04-08 Licensee 5059 Entergy submits 50.59 evaluation # 2 for as-built AIM pipeline ML15104A660 (letter and Encl. 1) 
ML15104A661 (Encl. 2 non-public) 

2015-04-27 10 CFR2,206 Dave Beaulieu emails Petition Review Board with background ML15274A108 
information on valve closure times (greater than 3m) 
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Dale Category Activity Refenrnce 
2015-04-W 10 CFR 2.206 Doug Pickett (project manager) emails Paul Blanch re: Petition ML15124:A027 

Review Board's initial recommendation to reject petition, offers 
opportunity for second presentation 

2015-04-30 Correspondence NRC, FERC, and U.S. Department of Transportation hold government- , mentioned in MJ,15251A372 
/ Meetings to-government meeting with Assemhlywoman Sandy Galef re: slides received from Region I 

pipeline 
2015-05-20 Correspondence Entergy writes to NRC responding to questions raised at04/30/2020 Ml 1s1w.o~nr; 

/ Meetings government-to-government meeting, including Spectra procedures, 
inline inspections, and idle status of26-inch pipeline 

2015-05-20 Correspondence NRC holds annual assessment meeting for Indian Point ll httl)s: Uwww.nrc.gov l11mns bntg?do= det:J 
/ Meetings Hs&Code- LU 150 73 Z 

~ 
summary: Ml.lSL'i2A076 
Paul Blanch statement: ML15159A609 

2015-06-13 Licensee Allegation submitted re: pre-existing pipelines I' MLJ 5 J 67A444 
Review / ~ 

Analvsis 
2015-06-24 Correspondence NRC Chairman Bums writes to Rep. Nita Lowey re: confidence in MLIS!S9A865 

/ Meetings findings, "worst case" scenarios MLl5lZ6ASli2 
2015-07-09 10 CFR 2.206 Paul Blanth supplements 10 CFR 2,206 petition re: failure probability ML1519SA081 

of pre-existing gas lines 

2015-07-15 10 CFR 2.206 NRC holds second Petition Review Board meetiog regarding ML15216A04 7 
10/15/2014 10 CM 2.206 petition from Paul Blanch 

2015-07-27 10 CFR2.206 Puul Blunch writes ~ll Doug Pickett (project monuger) with 39 MLJ 5251()050 
questions to he addressed by PRB 

2015-08-04 Correspondence Assemblywoman Sandy Galefw1;tes to NRC Chairman Burns ML15232A2 l 2 
/ Meetings requesting independent risk assessment including transient risk 

analysis 

2015-08-27 Licensee NRC (Scott) issues Request for Information (Rl-2015-A-0074) on gas non-public (not in ADAMS) 
Review/ ptpehneS' 
Analysis 

2015-09-09 10 CFR it.206 NRC (.Miller] rejects 10/15/2014 Paul Blanch petition, finding that ML157 51A023 
fssues had been previously resolved 

2015-09-10 Con-espondenl'e Paul Blanch meets with NRC Chainnan Burns a nd Commissioners ML15259A047 
/Meetings Baran and Ostendorff (September 10-11) 
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Dale Categoi')I Acli"vity Refen~.nce 
2015-09-25 Correspondence NRC (5atorius] writes to Assemblywoman Sandy Galef re: ML15Z!tl1\372 

/ Meetings conservative assumptions, 04/30/2015 meeting 
2015-10-07 Correspondence NRC (McCree) responds to Timothy Judson of Nuclear Information Ml 15 2a.'.! A0.!!1' 

/ Meetings and Resource Service re: Entergy and NRC analyses 

2015-10-12 Correspondence Rick Kuprewicz writes to Sandy Galef re: 09/25/2015 letter to her, htms\i".Lelilirat)! [erc.gollLidmli'sLcgmm!m 
/ Meetings need for transient analysis L01mJl'!eLAs12?t11em= 14-016631 

2015-10-15 Licensee Entergy responds to Rl-2015-A-0074, enclosing 10/07/2015 analysis non-public (not in ADAMS) - files on CD 
Review/ by Risk Research Group, as well as 2008 analysis listed above we.i;e not retained 
Analysis [additional safeguards material may exist] 

2015-10-27 Correspondence Assemblywoman Sandy Galefwrites to NRC (Satorius), attaching h!!Jls: LLelibra1::;-.ferq,ov Lid mwsLcommon 
/ Meetings 10/12/2015 Rick Kuprewic-L letter LQmtnl':!i!l,i.!~!2?fil~m-110J9ZH 

2015-U-06 10 CFR2.206 NRC (Miller) responds to Paul Blanch's 39 questions re: 10/15/2014 ML15287A257 
10 CFR 2.206 petition 

2015-11-20 NRC Guidance NRC/NRR issues 01 COM-106, "Control of1'ask Interface Agreements," ML15219/\174 
Revision 5 

2015-11-30 Correspondence NRC Chairman Burns writes to David Lochbaurn re: Regulatory MLJ5258A242 
/ Meetings Guide 1.91 and Advisory Committe~ on Rea·ctor'S;ifeguards man-made 

hazards workine erouo 
2015-12-07 Correspondence NRC Chairman Bums meets with elected officials near Indian Point referenced in ML15348A324 

/ Meetings 
2015-12-07 NRC Review/ NRC/NRO completes confirmatory analyses related to 30-inch ML l6235/\166 (pp. 12-15, 47-50,53-56, 

Analysis pipeline at Indian Point as.allegation follow-up 59-62 of PDF for various copies of analysis 
documentation) 
MU621SA115 

2015-12, 14 10 CFR 2.206 Paul Blanch responds to Chri.s Miller re: 11/6/2015 "39 questions" ML1534BA324 
letter 

2015-12-17 AIM/ FERC Paul Blanch contacts Pipeline and Hazardous Materials Safety bttllS ' LL~libu1c~.[1m; g12lllidmwst'.l:2rnm2n 
Administration (PHMSA) administrator re: 49 CFR 192 l011~nNat.a:;12?lilelD=1412fi3Z9 

2015-12-17 AIM/ FERC Paul Blanch contacts FERC Chairman re: 49 CFR 192 ltttps: LL~libr11r)!.fen: g:ol<'Lidm•'isLi:om111on 
l01l1:DIS1!t il,m'>fi!i:112-HO!!l!l!i l 

2016-01-07 Corresponcfence NRt Chairman Burns writes to Rep. Nita Lowey re: differences of ML15355A409 
/ Meetings opinion, lack of need for additional risk assessment 

2016-01-21 AIM/ FERC FERC responds to Paul Blanch FOIA re: PHMSA risk analysis (no enclosure in ML16064A007 (non-public) 
records] 
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Dale Ca~go.--y Activity Reforence 
2016-01-21 Correspondence NRC Chairman Burns responds to Assemblywoman Sandy Galef re: ML1601.3Al81 

/ Meetings planned meeting with Rick Kuprewicz 
2016-01-26 AfM / FERC Paul Blanch emails PHMSA administrator re: pipeline risk assessment l,1t1p~: ll!llibra rj,,~er~,l,lQV Lid mws / common 

(49 CFR 192) :[Ol!~rJNat.Mn?titflD-J412633Q 
2016-02-02 Correspondence NRC and PHMSA meet with Rick Kuprewicz re: pipeline; NRC provides meeting summary: ML16036A347 (non-

/ Meetings follow-ups with plant information, 2014 10 CFR 50.59 evaluation public) 
02/17/2016 follow-up email: 
.M1l.6M.Mlm_ 

2016-02-18 AIM/ FERC PHMSA replies to Paul Blanch re: NY DPS inspections of pipeline, r·isk ( no reference) 
analysis 

2016-02-18 Correspondence NRC (Krohn) responds to Assemblywoman Sandy Galef re: MLJ6042MBB 
/ Meetings 12/28/2015 letter requesting NRC staff meeting with Rick Kuprewicz 

(held 02/02/2016) 

2016-02-25 OIG Inquiry Paul Blanch writes to NRC Office of the Inspector General (OIG) to provided hy Paul Blanch to Dave Skeen 
request investigation of N RC staff not fulfilling its.regulatory 3/8/2020 
resoonsibilities 

2016-02-29 AIM/ FERC NY State informs FERC that the Governor directed an independent htrns:Uelibra[)(.ferc gov [idmwsLcommon 
safety risk analysis of AIM pipejine near Indian 'Point ~1111l-H l fa6.823 

2016-03-11 AIM/ FERC Paul Blanch writes to PHMSA administrator requesting risk analysis (no reference) 
2016-03-22 Correspondence NRC holds government- to-government meeting near Indian Point re: slides received from Region I (date 

/ Meetings pipeline estimated) 

2016-04-12 Correspondence Paul Blanch holds teleconference with PHMSA staff h!!ps: llelibra!:J'.ferc.gov [idmwsLcommon 
/ Meetings LQ12~atla1 asp?fili:IO-H:2Q2J!lJ 

2016-06-08 Correspondence NRC holds ilnnual assessment meeting for lnd.ian Point MLJ 61766 I 16 
/ Meetings 

2016-09-12 AIM/ FERC Rick Kuprewicz cdmpletes filing (filed 09/21/2016) re: AIM pipeline btui~· u,~w_1'i. dela~ac~ci:.!eclsr:r:JJi:r I.leg lsil 
in FERC tourtcase (DC Circuit Docket No. 16-1081) esldefaultlfileslSafe~20Threats~Q20Ie 

11!1ce.!l!i1!,QAttadlw1:ut0&i2QJ0&.2C'lHQl2i:,I 
aratiQn~Q20of%20!l.ichard°6]20Kupr~',l!icZ 
%2C%20T.._ndf 

2016-09-16 AIM/ FERC Pa1,1I Blant:h completes filing (filed 09/21/2016) re: AIM pipeline in httJ:!:lldo~um~ata:..dll~-ni.govL!wblitlCom 
FERCtourtcase (DC Circuit Docket No. 16-1081) mon LViewDQ~.asllx? DocRend=0tQ 7B2 26J4 

8E4-!MAHE!iE-IH2Q-
- 14!91 SE'EBC1E0&.7D 

2016-10-18 AIM/ FERC Spectra requests FERC to authorize AIM to be placed in service using ht.trui;J/i:li!mmi f1m 1:u:i/idw1'i.~l,!.lww1m 
the pre-existing Hudson River crossings LOpeal'M il~ll?lilelC!: l :1:3 29082 
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Date Catego1--y Activity Reforence 
2016-11-30 Correspondence Paul Blanch emails Rao Tammara to request a meeting re: calculations ML163l6A729 

/ Meetings 
2016-12-23 Correspondence NRC (Boland) responds to Paul Blanch request for meeting ~Y. l 6JS)AHF~ 

/ Meetine:s 
2018-02-08 NRC Guidance NRC Commission holds public meeting on potential changes to the bttp:,ltlw~1~ □n; gQ~Lri:adi□g-ro1ldQ,-

10 CFR 2.206 petition review process colle!;tionslcommission Ln· L2018 L 
2018-02-20 NRC Guidance NRC issues Staff Requirements Memorandum re: Management Mll80S1A998 

Directive 8.11 updates (SRM-M180208) 

2018-06-22 AIM/ FERC NY State submits executive summary of risk analysis to FERC 

~ 
":Mt,18176A367 
hn;i: l Ldocuments.d!Js.n~.gov L!lublicL Com 
Jlllllll',:'.ii:wl2!1' i!Sll2'7 [!1,1i:;Bi:tl'1=~Z az 2821 .... ...... EDi\-B822-46D0-8C lE-
l,;873DZl:'S70!;8%ZD 

2018-06-25 AIM/ FERC Paul Blanch writes to FERC Chainnan asking f9r risk assessment 
required by 49 CFR 192.917 

ML 18177 A401 

2018-07-27 AIM/ FERC DC Circuit Court of Appeals issues ru ling in City of Boston v. l'ERC re: htlrui;JLwww.u:ri;,gu!.Lh:galLJ:J•uct· 
AIM pipeline !:ilS~s[QninioaslZ01 Bl16--

I lO!llCl"l-YQEBQSTQN.pdf 

2018-08-02 AIM / FERC Enbridge writes to FERC re: New York-State letter of 06/22/2018, bttlls· U1•1ibCllc,: (eci:: gQl!Lidrn1:t$Li::2mw!la 
pipeline safety L012enNat.asp?filelD= 14992932 

2018-08-16 ALM/ l'ERC Paul Blanch writes to «ew'York Governor re: En bridge's statements ht!:J;!s: Uelibraa.fecc.gov Lic!mws Ltom rn!!I! 
lQ11eatiat aSD7 Cilelll-JSOOQ090 

2019-03-01 NRC Guidance NRC updates Management Directive 8.11 on 10 CFR 2.206 petition ML18296A043 
revie\.VS 

2020-02-13 OIG Inquiry NRC OIG issues Event Inquiry 16-024 on gas transmission lines near ML20056F095 
Indian Point 

2020-02-24 OIG Inquiry NRC Chai}matj°SvinJcki tasks Executive Director for Operations (EDO) ML20057E265 
in response to OIG Event Inqui ry 16-024 

2020-02-26 OIG Inquiry EDO writes memo to Commission re: no need for immediate ML20Q58[!088 
regulato.cy·action 

2020-02-27 OIG Inquiry ED'O tasks David Skeen with leading expert evaluation team in ML20058E354 
response to OIG Event Inquiry 16-024 

2020-03-09 OIG Inquiry NRC publicly releases evaluation team plan MLZU062AZS2 
2020-03-09 OIG Inquiry 'New York Department of Public Service writes to NRC and FERC re: ML20071F306 

NRC OIG report and 06/22/2018 letter 
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Dale Category Activi ty Refe.-ence 
2020-03-17 OIG Inquiry Enbridge writes to FERC re: 03/ 09/2020 New York Senator Harkham ht!]ls: [Je11bi:an,:.fer~ ~ov Lidmws Lc2mmon 

letter. OIG report /Oo.-,nNat.aro1fihdQ-l S186lli 
2020-03-19 OIG Inquiry New York Attorney General's office writes to NRC, FERC, and PHMSA MLZ00.90B533 

re: NRC OIG report 
2020-03-23 OJG Inquiry Paul Blanch writes to NRC evaluation team leads ' °Ml .?nmu;u 1:'A 

2020-03-26 OIG Inquiry New York State Public Service Commission writes to NRC evaluation - ML20086L2B0 
team leads ' 

107 



Appendix I. Notes 

1 Historical documents conflict on whether t he pipeline under the Hudson is 24 inches or 26 inches 
in diameter. (It is 26 inches in diameter for the portion that crosses the site.) This report uses the 
24-inch diameter based on the AIM application, Resource Report 10, Section 10.5.3 
(b ttps: t /cli brary fore gov /idmws /common /Open Nat.asp? file I D-1347 3930). 

2 In 2018, Spectra Energy was acquired by Enbridge Inc. Uses in this report of Algonquin, Spectra, 
and Enbridge a re interchangeable. https://www.en:irid~c.com/mcdja-
ce nter /news /details'/id= 123 5 26&lang=en&year=2Q 18 

3 Submitted February 28, 2014; publicly available initial submittal files accessible at 
https://clibraryJcrc,goy/jdmws/file !ist,asp?documcnt id= )4190856. with other docu111ents 
retrievable via FERC's Docket Search for CP14-96. 

4 Submittal dated October 14, 2013, responding to a September 13, 2Ql3, RERC re,quest for scoping 
comments on a pla nned environmental impact stat ement for the AIM pipeline; 
lUtps;//clH1rary.(crc.gov/idmws/commQ.O,LQpcnNat.asp?filcJD=J 336<J,Bn This submittal is part 
of the pre-filing review docket PF13-16. Entergy's submittal notes that th.e potential for increased 
safety risks need to be evaluated before the pipeline begins operating. Entergy posed multiple 
questions regarding the construction and operations of the new pipeline. 

5 h ups; I /cHbra ry.ferqov /id mws /common /OpcntyaL¥1iP'lfilcl D-= 1'347393 o 
6 lssued August 6, 2014; bttps;//www.(crc.goy/jndusmcs/fas/cnyjro/cis/Z.ll.ll/OB-06-14-cjs.asp. 

7 Dated September 29, 2014: https·//elihra°'.fcrc,tov/idmws/JHe Hstasp7document jd-14255369. 

8 Dated September 30, 2014: httos'//el~1rarx.fl:cc.goy/idmws/file ljst asp'/document id=14255780. 

~ Issued January 23, 2015: https;//www.ferc goy/jndustrjes/g;is/enviro/eis/20Is/01-23- LS-
~ 

10 hLtps://www law cornejl edu/cfr/~xl/49/part- J 92 /subparL-0 
11 See pp. 4-276 to 4-279 of the final e nvironmental impact statement. 

12 Issued March 3, Z015: https;f/'UWw ferc &:nv/Calendarfiles/20150303170720-CP 14-96-000 pdf. 

13 httvs://~,eia.go:vjtodayjnenergy/detail.php'/id=Z9032 

14 h ttps: / /www.n1·c.g°'"(n:ading-rm / doc-collections /cfr /partOSO /parrOS 0-0059 .html 

1s Submitted Au'gust21, 2014. The letter and 10 CFR 50.59 evaluation are publicly available at 
ADAMS ccessio_p No. ML14245Al 10. Enclosure 2 to the letter (the Risk Research Group hazards 
ana yses) i avatlable to the NRC staff at ADAMS Accession No. ML12245Alll. A redacted version 
of Encl0s7 2 is publicly available at ADAMS Accession No. ML15061A219. 

16 This d~ ussion of rupture isolation (sheet s 7 to 8 of the 10 CFR 50.59 evaluation) is the first 
identification of the "three-minute assumption" discussed multiple times in this document. 
Specifically, the evaluation states (emphasis added) that: "(t]he existing pipeline a utomation and 
control system, which will be used for the proposed new 42 inch pipeline near (Indian Point], 
does not provide for an automatic isolation of the closest upstream and downstrt-am 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 [Indian 

108 



Point). 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 point operator, 
located in Houston, Texas, of an event ancl 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 closure time of the valves (about one 
minute) was used as the bas is for an assumed closure time of three minutes for the 
analysis performed in the attached report [Enclosure 2)" (emphasis added). 

17 This guidance did not exist at the time the applications were submitted for Indian \ oint; see note 

181. ' 
1s 111 the 2015 Entergy submittal (note 19), these frequencies were updated to .25 .io 10-s per year 

per mile and 1.87 x 10·6 per year per mile for generic pipeline and enhanced pipeline, 
respectively. 

'"Submitted April 8, 2015. The letter and 10 CFR 50.59 evaluation are. publicly avai laole at ADAMS 
Accession No. ML15104A660. Enclosure 2 to the letter (the Risk Research Group hazards 
analyses) is available to the NRC staff at ADAMS Accession No. ML151,04A661. 

,o Submitted September 19, 2016, for Unit Z; ADAMS Accession No. ,ML16280A 161. (Chapter 2 is 
publicly avallable at ADAMS Accession No. ML16280A162, and the Chapter 2 figures are publicly 
available at ADAMS Accession No. ML16280Al63.) Submitted October 2, 2017, for Unit 3; AOAMS 
Accession No. M Ll 7299A 163. l Chapter 2 is publicly available at ADAMS Accession 
No. MLl 7299A 180, and the Chapter 2 figures are pt1blicly available at ADAMS Accession 
No. ML 17299A 183.) 

21 Current version issued November 26, 2019; ADAMS Aecession No. fytLl 9)97A103. The version 
that was in effect at the time of the Indian Point inspection (issued December 21, 2010} is publicly 
available at ADAMS Accession No, MLIOJ t21)5~. 

22 Issued November 7, 2014; ADAMS Accession.No. ML14314A052 

B The documentation of the NRC confirmatory analysis dated October 15, 2014, is available to the 
N RC staff at ADAMS Accession No. M~143 29A 189. A redacted version is publicly available at 
ADAMS Accession No. Ml:15070A086. The regional inspection report '•feeder" dated October 30, 
2014, is publicly available at ADAMS Accession No. ML 1.4307B748. 

2• Held April 2 and April J3, 2014; 
UD:JJ.S;L,lclJ.l)ror,yJ~widmws/rne hst as,p?documcnt id= t 4209634. 

z, Submitted September30, 2014; 
h11p9,t/rJ1lm;1ry.ferc:.guy/idmws/filr Ust.;.um?u.vwm\'111 id=14Z557BD. 

2
• ll!.t~ /cl)~·artfcrc i:oy/j1hnws/Hk Hst.µsp?domment iu=HZ7630B 

27 Issued fle~ruary 13, 2020; ADAMS Accession No. ML20056F095 
28 ADAMS Accession No. ML20057E265 

l~ ADAMS Accession No. ML20058D0!18 

Jn ADAMS Accession No. ML20058E354 

3 1 ADAMS Accession No. ML20069A759 

32 ADAMS Accession No. ML20078L380 
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33 Transcripts ava il.1ble at ADAMS Accession Nos. ML20087M164 and ML20087Ml 78. 

3• Revision 2 issued April 2013; ADAMS Accession No. Ml.l 2170A980. 

35 Spectra (now Enbridge) informed Entergy that the pipe wouJd have 0.72-inch wall thickness and 
be X-70 piping with 70,000 psi yield strength and 82,000 psig minimum tensile strength. The pipe 
would be procured from vendors who have passed a stringent quality audit, and fu ll -time mill 
inspection would be performed by Algonq uin Gas TL·ansmission during pipe production. 
Specifications would require additional qUJa lity testing and integrity requirements beyond normal 
standards. These enha ncements were discussed in a Spectra Energy (Algonquin Gas 
Transmission) memorandum to Energy regarding Response to Entergy Documen.t entitled 
"Pipeline Enhancements Being Evaluated to Mitigate a Pipeline Failure," dated July 29, 2014. 

3G Defined in 49 CPR 192.103; https://www.lawcornc:ll.edu/cfr/text/49(1'8.2Q1. 

37 Spectra Energy, "Integr ity Management Program (IMP) Manual," 09-0000, Revision 11, dated 
October 10, 20 19. This manual is not publicly ava ilable, but Enb1:idge made it available to the 
team. 

Ju "Managing System Integrity of Gas Pipelines," published in 2018. Publicly available from 
hnos· //www asc:ie org/codes-standards/find-codes-staudards/h31-&•manaein1;•sysrem· 
integrit,y-2as-pipcli1~. The team had access to this sta~da~d through the NRC's subscripLion 
se rvice. 

39 Specified minimum yield strength is defined in 49 CUR 192.3, ''Definitions," 
https· //www law.corncl).edu/cfr/tcxt/49/J <J2 3. For the AIM pipeline near Indian Point 
Enbridge specified that the piping would have a 70,000 psi yield strength. 

•1n llll12s://www.!aw cornc1Lcduhfr/texlt!2ioiil:122/.suboarL· I 

41 "Algonquin Incremental Ma rket.Pipeline Risk Analysis Report," transmitted from several New 
York State agencies to the FERC Chairman 011 June 22, 2018 (see note 129 for a related letter). 
The report is marked privileged and confidential and may contain Critical Energy Infrastructure 
In formation, as designated by the FERC. It is not available to tbe public. 

• 2 See notes 15 and l 9. 

43 See note 22. 

44 "Studies for.,the Requirements of Automatic and Remotely Controlled Shutoff Valves on 
Hazardous Liquids a"d Natural Gas Pipeli ncs with Respect to Public and Environmental Safety," 
ORNL/TM,2012/411, dated October 31, 2012; 
~~,1ms:r.dot.cov/sitt:'s/phmsa.dot.r;ov/AJes/docs/tcchnical• 
resources f 11ioelide(l6Zo 1 /finaJvaJvestucty.puf 

45 Regulatory Guide 1.91 does not include any guidance on calculating heat fluxes associated with 
blasts. The guide assumes that overpressurization is the limiting scenario. 

4" 68 FR 69778, issued December 15, 2003; https://www govinfo.gov()ink/fr/68/69817. 
Additional information on this rule can be found in the docket folder at 
htt ps: I /www.regLdati uns.goy/d ocket?D"'P H MSA · RSPA-2000· 7666. 

• 7 Dated October 2000: llllps://www.reguiatjons Qov(dqcument?D=PHMSA-RSPA·2QOQ·Z666· 

~ -

110 



•O See note 44 

49 See note 41 

5o See Note 19 

51 Published September 1983; ADAMS Accession No. M 1,062260290. 

52 Response to a Request for Additional Information regarding Order EA·l 2•049 and Order 
EA-12-051, dated December 2, 2016; ADAMS Accession No. ML16350A103. 

53 Indian Point UniL 3 Individual Planl Examination, dateLI June 1994; ADAMS Accession 
No. ML110320477 

5• Letter from J. Knubel, NY Power Authority to NRC on Indian Point, Unit 3, Trahsmittal of 
Individual Plant Examination ofExternal Events (IPEEE); ADAMS Accession No. Ml.112271\ l02 

55 See note 4 7 

56 IMC-0609 issued January 2019; ADAMS Accession No. ML18187A18' 

57 Revision 3 issued January 2018; ADAMS Accession No. MLl 7317A256 

58 UFSAR Section 16.2; ADAMS Accession No. ML17299A2~ 
59 From PHMSA Gas Distribution Incident Data • January 2010 to present (ZIP); 

lJ ttps: / / www. ph msa.d ut.~ov /cla ta ·and ·s tatist 1 c~/plorlJ ne /d1 strlflutl on ·transmission· ga then n i: • 
lng·aod·liqyid•accjdcnt•aod·iocident•data 

60 77 FR 41454, issued July 13, 2012; httns:(/www.~ovipfq.gov/content/pkg/fR-20 I 2-U7-
13/pdf/2012-17110.pdf 

61 FSAR for HJ-STORM 100; ADAMS Accession No.f;JLOB 1350153 
62 bttns-//www urc goy/rcadin~tmfdoc-coHct,;ti◊os/cfr /partOSO/part050•0Q09 html 
i, :j httos://www.nrc goy/readll!g;JJD/9oc•c0Hcctlons/cfr/parto5o/partOSD·QOOS.html 
64 10 CFR 2.206 Petition R~view Board, RE: Indian Point Nuclear Generating Unit, Docket No. 50-

247, Transcript, [July 15,205), p. 14, 16. 

65 The petitioner raised this issue during his interview with the team, as well in multiple instances 
of correspondence With the NRC. 

66 See Enforcement Manl.lql, Part 11·1: General Topics, Section 1.5. 

67 Submitted October 15, 2014; ADAMS Accession No. ML14294A751. 
68 Concerns with issues related to the petition that were handled in other NRC processes are 

addressed in Section 5. This section focuses on the 10 CrR 2.206 petition process. 

69 A transCJ'iPL of the January 28, 2015, meeting is ava~lable ADAMS Accession No. ML15044A459. 
70 A transcript of the July 15, 2015, meeting is available at ADAMS Accession No. ML15216A047. 

71 Submitted July 27, 2015; ADAMS Accession No. ML15251A050. 

72 Petition rejection Issued September 9, 2015; ADAMS Accession No. ML!S251AD23. Response to 
39 questions issued November 6, 2015; ADAMS Accession No. ML15287A257. 

73 Enforcement Petition Process brochure dated March 2019; ADAMS Accession No. MLl 9070A037. 
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74 Based on the team's review, the newly mo dified process would have been unlikely to result in 
material change in the outcomes. As a result, the team focused on how the current process could 
be improved to address the concerns idon tificd by OIG Event Inquiry (sec note 27). 

75 Management Directive e. t 1, "Review Process for 10 CFR Z.206 Petitions," issued March I, 2019; 
ADAMS Accession No. ML18296A013. 

7• "Desktop Guide: Review Process for 10 CFR 2.206 Pe titions," effective March 1. 2019; ADAMS 
Accession No. ML18176AH7 

11 Unsupported assertions, general oppostrlon to nuclear power, rhe ldenrlflcatton of saf'ety)ssues 
without seeking enforcement action fall 011tside the 10 CFR 2.206 petition proeess. Otl\er 
processes that could be triggered include allegation reviews or investigations by tl\e NRE Office of 
Investigations or OIG. 

7 • The office coordinator is selected from the NRC office responsible for regulating the !Jcensee (e.g., 
N RR for an operating reactor). 

79 The PRB may include a representative from the Office of Investiga tions an,d a cognizan t office 
enforcement coordinator. 

a1, Desktop Guide, Appendix B, Section 111.C. 

81 Desktop Guide, Appendix 81 Section lll.C - lll.D, 

"' Desktop Cuidc, Appendix B, Section 111.D.1.a. 
' 83 "Signlllcant" Information means t hat the information is sufficiently great or important to be 

worthy of attention and that the infonnat:ion is real and not speculative, The information must 
also be "new" in that the NRC staff has not previously received and/or evaluated the information 
in respnnse to the issue raised in the petition (which includes any prior resolutions ofrhe issue). 
The term "significant new information" mean!ilhal the information is both significant and new. 
Desktop Guide, Appendix "B, S"eGtiQn 111.D.1.b. n.1, 

u•l The PRB chairperson infol'ms the office director or designee of its initial assessment. 

s, Some limited exceptions to the public meeting requirement may apply. See Management 
Directive 3.5, "Attendance at (IJRC Staff-Sponsored Meetings," issued December 4, 2019; ADAMS 
Accession No. ML~'.}$j)A643. 

a• Des ktop Gµt~c. Appendix B, Section 111.H.3. 

87 A Director's DeQision ts the official agency response to a 2.206 petition that is acceptec. for 
re vjew. The Director's Decision may grant, partially grant, or deny the action requested by the 
petitioner. In most cases, the staff prepares a proposed Director's Decision, which is transmitted 
to the petit ner and licensee for comme nt. After receiving any comments, the staff dispositions 
the comments and revises the Director's Decision as appropriate. The director's decision is then 
issued and a notice of issuance is subsequ,ently published in the Federal Register. Desktop Guide, 
Appendix B, Section V. 

88 Desktop Guide, App. B, p.2. The Commission will not entertain a request for review of the office 
director's decision. Id. 

89 See note 67. 10 CFR 2.206 Petition Review Board, RE: Indian Point Nuclear Generating Unit, 
Docket No. 50-247, Transcript, Ouly 15,205), p. 14, 16. 

112 



90 10 CFR 2.206 Petition Review Board, RE: Jndian Point Nuclear Generating Unit, Docket No. 50-
247, Transcript, (July 15,205), p. 23. For a comparison of the ALOHA calculations with the 
analysis performed by Sandia as part of this team's activities, refer to Section 2 and Appendix C. 

91 See note 72. 

92 A security-related summary of this analysis is available to the NRC staff at ADAMS Accession 
No. ML15078A067. Images of portions of the analysis are included in this report as Figure 9 and 
Figure 10. 

93 Information provided by the petitioner on these meetings is available to the NRC staff at ADAMS 
Accession No. ML1.5259A047. 

Y< Volume 8, Licens,ee Oversight Programs Review Process for 10 CFR 2.206 Petition~ H<1J1dbook 
8.11. Part 11, p. 9, Similar criteria for rejecting a petition continue to appem· in the c11rrcnt 
guidance for evaluating 10 CFR 2.206 petitions. 

9s Issued March 18, 2020; available to the N RC staff at ADAMS Accessio.n No, ML20066J085, 

qr, Training slides are available to the NRC staff at ADA MS Accession No. ML20070M965. 

97 NRR-COM-106, issued November 20, 2015; ADAMS Accession No, ML1,S219A174. 

qo In the case of the 10 CPR 50.59 inspection for Indian Point, tbe inspector recalled the analyst 
taking a couple of months to respond. This level ofeJfort probably warranted a Task Interface 
Agreement. 

9• Desktop Gulde on 2.206. Appendix B, p. 8. 

11111 The petition manager "(b)riefs the pet1tion review board on the petitioner's request(s), any 
background information, the need fonm independent technical review, and a proposed plan for 
resolulion, including target completion dates." Volume B. Licensee Oversight Programs Review 
Process for 10 CFR 2.206 Petitions Handboolµl.11 l'art I, p. 4, 

101 Filing dated June 15, 2012; ADAMS Accession No. MLl:! 167A521•. 

wi Copies of the ALOHAruns and hand calculations were returned to the technica l reviewer during 
the team's review, 

111:1 Staff Responses to Public Comments on Regulator} Guide 1.91, Revision 2, issued April 26, 2013; 
ADAMS Accession No.,Mt1,'Z170A987. 

'°' See note 26. 

105 Given tbe shoruimeframc for the team's activities. the team decided not to review any NRC staff 
who were involved with these issues but had subsequently retired. OIG interviewed some of these 
individuals, including the licensing project manager referenced as "NRC's primary communicator 
with FE~c:1 

1116 The team observes that the A1M pipeline docs not cross Indian Point property. See Figure 4 for 
an overview of the AIM pipeline in yellow. 

io7 Management Dkective 5.1, issued April 5, 1993; ADAMS Accession No. ML011 I 770442. 

100 10 CFR s1.29(aJ(7); hnps://www on·.evv/r~admg-nn/Joc-colicclion:;/cfr/pat:\.QS1/partQS1-
0029,html. 
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109 73 FR 55546, published September 25, 2008; 
h ttps: / /www.f ederalreglster .cov /documents /2 008 /09 /2 5 /ll8-2 2 528 /notire-of-availabil ity-of­
ms:morn ndu m-pf-uodcrstandinl!•bctwcen • us-anny•cor11s-of-cngioecc;•and • us 

110 Effective in April 2018; hllps:/iwww.whitchoysc.gov/wp-contcnl/uploacl~/2018/04/MOU-Onc­
r,cdoral-Dccision-m-18- I J-Pait-2- 1.pdf. The NRC is not a party to this memorandum of 
understanding butis addressing certain aspects of the referenced Executive Order in its 
environmental review practices, as appropriate. 
11 1 See note 19. 

112 See note 23. 

113 See note 15. 

114 See note 92. 

116 Zalosh, R.G., SFPE Handbook of Fire Protection Engineering, 2nd Edition, "Explosion Protection," 
Society of Fire Protection Engineers (SFPE), Boston, MA, June 1995. 

116 See note 12. 

m See note 26. 

118 The meeting summary conclusion is: "Ba.sed on its review, toe NRC came to the same conclusion 
that Entergy did in its 50.59 submission. Therefore, NRC finds Eotergy's 50.59 submission 
ai.:i:t!plai.Jlt! anti h.is tlt!Lt!nninetl Lh.il 110 µriur app1·01•al fru m the NRC is 11ee<letl." 

119 The November 2014 NRC inspection report concludes that "Entergy's conclusions involving the 
potential rupture of the proposed pipeline'llear [Indian Point] poses no threat to safe operation 
of the plant or safe shutdown of the plant, are reasonable and aci:eptable, and are a.I.so 
comparable with the staffs conclusions" (emph,asis added). Other NRC documents, including the 
response to the petitioner's 39 ques tions Jn November 2015 (see note 72), did include looser uses 
of "safe operation.'' 

120 10 CFR 50.2: "Safety-re/ateci struct:u'res, sy stems and components means those structures, systems 
and components that are relied upon to remain functional during and following design basis 
events to assure: (1) The integrity of the reactor coolant pressure boundary[;] (2) The capability 
to shut down the reactor and maintain it in a safe shutdown condition: or (3) The capability to 
prevent or mitigate ~h; rnnsequences ofa.ccidents which could result in potential offsiie 
exposures comparab1e to the applicable guideline exposures set forth in§ 50.34(a)(l) or§ 100.11 
of this chapter, as applicable." https: //www nrc.gov /readmg-rm/doc-
coll~ctipns /tft]m!ttOSQ /o,trtO 50-00QZ.ht m I 

171 The refere~ce to "important to safety" SSCs in Regulatory Guide 1.91 complicates matters 
somewhat. mhe guide's intent is not clear for this reference. The NRC does not define important to 
safety in it requirements, other than in the general statement in the introduction to 10 CFR Part 
SO, Appendix A, "General Design Criteria": "structures, systems, and components that provide 
reasonable assurance that the facility can be operated without undue risk to the health and safety 
of the public."121 There has been significant discussion of this definition and how it differs from (is 
broader than) the definition of"safety-related" over the decades since this regulation was issued 
(after the construction permits were issued for Indian Point Units 2 and 3). Licensees have taken 
individual approaches to defining important-to-safety SSCs for their facilities. In its 2015 final 
10 CFR 50.59 evaluation, Enter1,,y listed "important to safety" equipment or structures that could 
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be affected by pipeline ruptures: the switchyard, diesel fuel tank, meteorological tower, and 
emergency operations facility. The team d id not question Entergy's classification of these as 
"important to safety," but the team did not follow up on whether Entergy treats all of these as 
such ( e.g., analyzing them against dynamic effects under General Design Criterion 4) or is 
required to depending on the Indian Point licensing basis. The team agrees, however, with 
Entergy's conclusion that loss of these, while not ideal, is either analyzed (in the case of the 
switchyard, which would cause a loss of offsite power) or could be mitigated by backups (the 
diesel fuel tank has a tanker truck backup, and the meteorological tower and emergency 
operations facility that both have backup facilities). These SSCs could be analyzed for missile 
impacts, but since they were already considered lost because of overpressure or heat f\t!x, t'uit 
does not seem necessary. J 

m For example, tornadoes at Indian Point U11it 2 were not evaluated in dct3il at initial licensing, but 
were considered in the hearings discussed in Section A.4 of Appendix A to th.is report, The 
Commission determined that only a wind evaluation of certain equipment a nd structures was 
needed. 

m ADAMS Accession No. MJ..ZOOB6L280. 

121 ADAMS Accession No. MLa.QJlll.uL.1(•4 

125 Not yet publicly available at the time this report was flnis~d; available to the NRC staff at 
ADAMS Accession No. ML20090B533. 

126 Not yet publicly available at the time this report w,is fihi~hed; available to the NRC staff at 
ADAMS_Accession No. ML20084M363. 

127 Not yet publicly available at the time this report was l'inlshed; available to the NRC staff at 
ADAMS Accession No. ML20087M278. 

120 Not yet publicly available at the time this r j:!port was finished; avai lable to the NRG staff at 
ADAMS Accession No. ML20071P306. 

129 Dated June 22, 2018; ADAMS Accession No. MJ.18176A367. 

iio Dated Novemhei· 30, 2015i ADAMS Accession No. ML15258A242. 
13 1 The "amended and substituted application" submitted on December 5, 1960, is t he likely source 

of this map. It is availabJ~ to the NRC staff at ADAMS Accession No. ML110690359. Exhibit H·13 is 
separately ava1,able at ADAMS Accession No. ML09322086l. 

132 Available to the.NRC 'staff at ADAMS Accession No. MLl 10590360. 

i,3 Ii;sued February 21, 1962; available to the NRC staff at ADAMS Accession No. ML111510462. 

134 DPR·5 issued on March 26, 1962; available to the NRC staff at ADAMS Accession 
No. Ml! 00330629. 

135 By 1965, this paragraph had been revised to include "as amended" at the end. (ADAMS Accession 
No. ML110480269 shows the updated paragraph.) Later, the proposed technical specifications for 
the full-term operating license were even more explicit: "The transmission and distribution of 
natural gas shall be through the use of facilities located as described in U.S. Atomic Energy 
Commission Docket No. 50-3, Exhibit H·14." (ADAMS Accession No. ML100601013) 

136 Additional context for this paragraph can be found in the transcript of the Commission hearing 
(hearing held January 3, 1962; available to the NRC staff at ADAMS Accession No. ML100082152). 
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Dr. Bryan of the AEC Division of Licensing and Regulation was asked about changes the applicant 
made regarding activities on the site. He stated that "[i]n the application, the only description of 
activities connected with the use of handling of natural gas had to do with the transmission of 
natural gas through a line which traverses the site. We have not had any, we have not had 
presented to us any evaluation of the haza rds that might be involved in utilization, in any further 
utilization of such facilities than that described in the application." The focus of the discussion 
appears to be on the potential hazards of"distribution and utilization" of natural gas onsite (e.g., 
if the licensee wanted to use the natural gas to supply a power plant onsite), not the transmission 
pipeline itself that the AEC staff was aware of and on which it was making its find.ings. 

Also, the AEC staff sent a brief on, that provided input for the licensing order (dated February 5, 
1962; available to the NRC staff at ADAMS Accession No. MLll 1510466). In this brief,,t:he staff 
notocl that it had proposed an amendment to techni:al spccificallons Sectloll A3 "fn order lo 
assure that any expansion of such activities [related to natt\ral gas J, not ~reseht!,Y in the 
a11plication will be subject to Commission review \mder the change pr-oced\1re set forth" in the 
license. This change procedure was s imilar to 10 CFR 50.59, "Changes, tests, and experiments," 
which did not become effective until July 1962 (27 FR 5191). It enabled the licensee to make 
certain changes to the Hazards Summary Report (analogous to the FS!\R.) if they did not involw 
an unreviewed safety question-i,e., if the probability of occurrence of an analyzed accident did 
not increase, if the consequences of an analyzed accident did not increase, and if the change did 
not create a credible probability of a diffe rent type of nuclear atcident than those analyzed. If the 
change would affect the technical specifi cations (Appendix A of the license) then AEC approval 
would be needed. 

137 Later changed to a minimum of l400 feet ''from the reactor facility to the nearest land boundary 
of the exclusion area.'' ADAMS Accession No. ML0112500379. 

138 Dated October 23, 1964; available to the NRC staff at ADAMS Accession No. ML110590225. 

m Available to the NRC staff at'ADAMS Accession No. ML110490188. 

1111 Dated November 10, 'L969; available to the NRC staff at ADAMS Accessi9n No. M L100080840. 

141 The General Design Criteria now appear as Appendix A to 10 CFR Part 50 and are part of the 
application rcquii:emcnts for reactor licenses. At t he time. t)1ey existed as a proposed rule (ll..E.8 
.1.Qlli). 

m Available to th!l NRC staff at ADAMS Accession No. MLl 11370488. 

1u A 1979 petition.from the Union of Concerned Sci en tis ts resulted in NRC action that effectively (if 
not formally) revoked the Unit l operating license. Section 1.1.3 has more informa tion on this 
petition.~ 

10 Sub itte'!;)ecember 16, 1965; ADAMS Accession No. ML093520917 (transmittal letter; PSAR 
chapter are in separate documents). 

145 ADAMS Accession No. ML102460284 

146 ADAMS Accession No. ML073240146. The second page of this document notes that it reflects the 
October 1968 submittal through Supplement 15 in November 1970, with certain sensitive 
information redacted. 

147 ADAMS Accession No. ML072260449 

116 



IIB Submitted April 26, 1967; ADAMS Accession No. ML100250264 (transmittal letter; PSAR 
chapters are in separate documents) 

u, ADAMSAccessio11 No. ML093480188 

15° Submitted August 30, 1968; ADAMS Accession No. ML093480201I. The evaluation begins on 
p.253 of the file: Item 7 of Supplement l to the lndi. n Point Unit 3 PSAR. The PSAR is part of the 
application to the AEC for a construction permit. 

1$ 1 ADAMS Accession No. ML 100261033 

15~ This quotation is from Amendment 13 to the FSAR submitted December 4, 1970, available to the 
NRC staff at ADAMS Accession No. ML093480359. 

1s3 ADAMS Accession No. ML072260465 

m ADAMS Accession No. ML031080517 

155 The FSAR was submitted on July 22, 1982. It is not publicly ava}lablc r,ut-is ava !able 
electronically to NRC staff; Chapter 2 is ADAMS Accession No. MJ.;100350907. 

156 The FSAR was submitted in July 20, 1984. lt is not publicly available JuJs available 
electronically to NRC staff; Chapter 2 is ADAMS Accession No. ADA'MS Accession No. 
ML100431991 

157 The October 20, 2008, transmittal letter is pubJicly ~ailable fY'ADAMS Accession No. 
ML083390108. The FSAR is not publicly available but is available electronically to NRC staff. 
(Chapter 2 is ADAMS Accession No. ML083390226 and the Chapter 2 figures are ADAMS 
Accession No. ML083390227.) 

158 The October 6, 2010, transmittal letter is puQ)icly available at ADAMS Accession No. 
ML11280A140. The FSAR is not publicly a vailabJe but is available electronically to NRC staff. 
(Chapter 2 is ADAMS Accession No. ML1128QA135 and the Chapter 2 figures are ADAMS 
Accession No. ML11280Al.3l) '-. 

159 The July 14, 1982, transmittal let~-,!s publicly available at ADAMS Accession No. ML093380878. 
The PSAR is not publicly av~lable but is available electronically to NRC staff. (Chapter 2 is ADAMS 
Accession No. M L20055A 7 5, 

160 The October 13, 2 0~ t ans, ittal letter is publicly available at ADAMS Accession No. 
ML09343Q690. The SAR 1s not publicly available but is available electronically to NRC staff. 
(Chapter'Z is ADAMS *ccession No. ML093430729 and the Chapter 2 figures are ADAMS 
Accession No. ML093430731.) 

161 FSAR Reference--:!: IP-[RPT)-08-00032, "Consequences of Fire and Explosion Following the 
Release ofN· tural Gas from Pipelines Adjacent to Indian Point", by David Allen, Risk Research 
Group, August 2008. 

162 The FSAR was submitted on October 1, 2015. It is not publicly available but is available 
electronically to NRC staff. (Chapter 2 is ADAMS Accession No. ML15293A108 and the Chapter 2 
figures are ADAMS Accession No. ML15293A109.) 

163 Issued February 11, 1980; available to the NRC staff (without enclosures) at ADAMS Accession 
No. ML100290756. 

164 Issued May 30, 1980; available to the NRC staff at ADAMS Accession No. ML100150748. 
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i6s The task force issued its results as NUREG-0715, "Task Force Report 011 Interim Operation of 
Indian Point," in August 1980 (available to the NRC staff at ADAMS Accession No. MLl 9344F216), 
concluding that was the overall risk of the Indian Point reactors was about the same as the typical 
reactor on a typical site. The task force report does not mention the natural gas pipelines. This 
report supported a Commission decision that the units could continue to operate during the 
adjudicatory proceeding, but the Commission noted that it would not "turn a decision on interim 
operation into a final decision on the long-term acceptability [ofJ the Indian Point site." 

166 Dated January 8, 1981, and September 18, 1981; available to the NRC staff at ADAMS Ace ssion 
Nos. ML19340E920 and ML20039A702, respectively. 

167 Available to the NRC staff at ADAMS Accession No. ML20081A330. 

168 CLl-85-06, issued May 7, 1985; legacy ADAMS Accession No. 8505090592 [not available 
electronically to the NRC staff) ' 

169 ADAMS Accession No. ML003778131 

170 Submitted March 5, 1982; ADAMS package Accession No. ML093430890 

17 1 ADAMS Accession No. ML102520202 (part of package referenced in ote 170) 

172 United Engineers and Constructors was the principal subcontractor to Westinghouse as the 
architect-engineer of Indian Point. 

173 Submitted August 25, 1982; available to the NR,_C staff at ADI\ S Accession No. ML100200464. 
(This version is marked as a draft.) 

174 NUREG/CR-2934, "Review and Evaluatio ofthe'lndian Point Probabilistic Safety Study," dated 
December 1982. ADAMS Accession No. ML091540534. 

17s Dr. Budnitz was a n expert in the area of p robatiilistic risk assessment. He had served for two 
years as the director of the N C Office of Nu<;Jear Regulatory Research. Among other activities as 
an independent consultant, qe w s part of an independent advisory body to the NRC that 
reviewed the pioneering..WASH-1400 Reactor Safety Study to describe how risk assessment 
methodology could be used in the NRC review process. 

176 Written testimo 1y submit ed January 24, 1983; available to the NRC staff at ADAMS Accession 
Nos. ML20070Nl 97. Hearing held February 10, 1983; transcript available to the NRC staff at 
ADAMS Accession No, ML20064N013. 

177 During the hearing, Dr. Budnitz was asked if he was aware that there was a 13.8 kilovolt 
underground cable from the Buchanan substation to the plant that was extrinsic to those power 
sources; he said he was not. Presumably th is line was perceived by the Board as a backup to the 
overhead transmission lines. 

178 ADAMS Accession No. MLOS1400209 

179 ADAM Accession No. ML093430606 

180 Only an internal input to the safety evaluation was readily available to the team (ADAMS 
Accession No. ML093450337). The transmittal file for the final safety evaluation (available to the 
NRC staff at ADAMS Accession No. ML093430874) did not include an enclosure. 

181 For example, the following guidance documents issued after the initial licensing of the Indian 
Point units address natural gas pipelines in various ways. Regulatory Guide 1.70 o n format and 
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conte nt for safety analysis reports (reacto r license applications) was not issued until 1972 
(ADAMS Accession No. ML13350A353). This document standardized the format of applications 
submitted after that time. Section 2.2.3 of Regulatory Guide 1.70, Revision 0, sta tes "[i)f large 
natural gas pipelines cross, or pass close to the nuclear plant, explosions from this source should 
be evaluated." The NRC staffs review of later applications was conducted under the Standard 
Review Plan, issued for the first time in 1975 {ADAMS Accession No. ML081510817). Sections 
2.2.1 and 2.2.2 of the Standard Review Pla n noted that "[t]he problems of pipeline rupture and 
other flammable gas releases are reviewed on an individual case basis by evaluating analyses 
provided by the applicant, and may also involve inde pendently checking the gas cloud size and 
TNT equivalency derived by the applicant." The AEC provided related guidance to applicants and 
licensees in Regulatory Guide 1.91, "Evaluation of Explosions Postulated To Occur on 
Transportation Routes Near Nuclear Power Plant Sites," issued in January 1975 (ADAMS 
Accession No. ML12298A133) , The Introduction of t:he 1975 edition was clear that \t was focused 
on materials carried over transpol'talion routes "not including gases.'' The N RC re vised t.tle 
guidance in Februa ry 1978 (ADAMS Accession No. ML003840286) to be even m_pi-e clear ahout its 
scope: "This guide is limited to solid explosives and hydrocarbons liquified under presstffe and is 
not a pplicable to cryogenically liquified hydrocarbons, e.g., LNG. It considers the e ffects of 
airblasts on highway, rail, and water routes but excludes pipelines and flxed facilities." This 
Revision 1 does not reference gases al all. Not unti l 2011 did the NRC issue dra~ guidance 
(DG-1270) that addressed pipeline explosions specifically (-<_\DAMS Accession No. MLl 10390554). 
This guida nce was finalized in 2013 as Re vis ion 2 to Regulatory Guide 1.91 (ADAMS Accession 
No. ML12170A980). 

102 Gene ric Leller 88-20, Supplement 4, "Ind ividual Plant Examination of External Events (IPEEEJ 
for Severe Accident Vulnerabilities -10CFR S0.54{f)," dated June 28, J 991. 
ht ws: / /www.nrc.gov 11-e.ictiuJ;?·on/ctas> cotJkttons/~en-com m /gen-letters t 19RB /gt BR0Z0,4,html 

t83 SECY-90-343, "Status of the Staff Program to t:;>cterminc How the Lessons Learned from the 
Systematic Evaluc1tion Progrqm Have Been Factored into the Licensing Bases of 0-perating Plants,"' 
da ted October 4, 1990. i\vaila,ble to the NRC staff at ADAMS Accession No. ML 19324H923. 

rn4 Submitted December 6,.1995; /\DAMS Accession No. ML11 227 /\JOO. 

m The team reviewed 10 CRR 50.59 annual reports from 1980 through 1997 for Indian !'oint 
Uni ts 2 a nd 3 and could not find a disposit ion of this cha nge with respect to docketed 
correspondence for Umts 1 and 3 (see notes 140 and 150). 

106 Memo <.lated ~ ay 14, ~99; ADAMS Accession No. ML090130608. 

1u7 Submitted September 26, 1997; ADAMS Accession No. ML11227i\102. 

188 Memo date.,d December 15, 2000; available to the NRC staff at ADAMS package Accession No. 
ML003780825. 

t89 Letters ated April 23, 2008, and September 30, 2008, are not in ADAMS but were made 
available to the team. The September letter included a security-related enclosure dated August 
14, 2008, that is available to the NRC staff at ADAMS Accession No. ML103140627. This is the 
same analysis that was referenced in the 2009 revision to the Indian Point Unit 3 FSAR (see 
Section 1.1.2.2 of this report). 
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190 Letter dated October 15, 2015, is not in ADAMS bu: was made available to the team. The 
referenced "2015 Report" was not avai.lable to the team but was discussed in detail in the 
attachment to the letter. 

101 For example, Entergy states that the metal siding on the Unit 3 fu el storage building could be 
damaged by the heat flux, but the building has been evaluated for the effects of siding damage and 
fires, and the reinforced concrete spent fuel pool would not he affected. 

192 Memo dated April 25, 2003; ADAMS Accession No. ML11223A040. The non-public enposure is 
ava ilable to the NRC staff at /\DAMS Accession No. ML031210213. 

1•n See Note 51. 

194 Submitted October 25, 2010; /\DAMS Accession No. ML 103020293. The non-pub\ic version is 
available to the NRC staff at ADAMS Accession No. MLJ 02990527. 

195 An internal memo dated March 23,2011, referencing these reviews, is p\Jblicly available at 
ADAMS Accession No. ML11223A041. Detailed information is available to the NRC staff at ADAMS 
Accession Nos. ML110750J 13 (March 23, 2011, memo) and MLJ'l0700162 (March 7, 2011, input 
rn,emo), as well as in a safeguards report that the team reviewed. 

196 Letter dated March 31, 2011; ADAMS Accession No. MlJlO~ 
197 UFSAR Section 16.2; ADAMS Accession No. ML! 7299AZ29 

' ''" From PHMSA Gas Distribution Incident Data - fanuavy201 0 to present (ZIP); 
h.u~~phms,1,d\lt,~oy/da1a-and-statis1ics/01oelin~Jdjstribullun-tran~miss:ioo-~a1hwi~-
1ng-and-liquid-acddent-and-incident-data • 

1Y~ "Potential impact radius" is defined in DO'f regulations at 49 CFR 192.903 as the radius of a 
circle within which the potential failure of..a pipeline could have significant impact on people or 
property. PIR is dl!termined by tha formula r = 0.69" ~ quarc root of (p•d ~ ). whe re ''1'' is the 
radius of a circular area in feet surrounding the point of failure, "p" is the maximum al lowable 
operating pressure (MAOPJ l n the plpclinc segment In pounds per square Inch and "d" Is the 
nominal diameter of the pipeline in inches. The 0.69 constant is the applicable value for natural 
gas. 
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1. Concluslons Regarding Safety Analysls 
Throughout its work, the team remained focused on the safety of Indian Point and whether new 
information revealed the need to take immediate regulatory action. The team did not identify any 
concerns that met this threshold. This section of the report describes how the team considered the 
safety of Indian Point in proximity to the AIM pipeline, from three perspectives: the likelihood of a 
pipe rupture and blowdown that could affect Indian Point, the consequences ofa pipeline explosion 
(overpressurization and missiles), and the consequences of a pipeline-rupture-relat ed fire (heat 
impacts). The team considered historical experience and conducted its own analyses of dynamic 
gas behavior following a pipe rupture and the risk of subsequent impacts at Indian Point. The 
subsections below address these topics in detail. 

1.1. Pipe Rup,ture and Blowdown Llkellhood 

1.1.1. Design a nd Construction Enhancements 

The team obtained information from Enbridge (the AIM pipeline operator] regarding the enhanced 
design and construction of the AIM pipeline near lndia.11 Point. Similar information had been 
provided to Entergy, in support of its 10 CFR 50,59 evaluation, and other requesting parties, The 
measures taken by lfobridge exceed or meet the applicable Department ofTransportation 
requirements under 49 CPR Part 192, "Transportatio1i of Natural and Other Gas by Pipeline: 
Minimum F'ederal Safety Standards." For example, the enhanced protections for the pipeline 
adjacent to Indian Point include: 

• A more stringent design factor, higher-grade pipe', and deeper burial than requi red 

• .Fusion-bonded epo~-y coatings for corrosion control inside and outside the pipe. an abrasive 
resistant overlay outside the pipe, and no shrink sleeves or tape coatings on field weld joints 

100-percent non-destructive examination of all girth welds; 100•percent inspection of all 
welding, canting, and bJckfilllng activities; and "pigging" aRer construction to identify any dents 
exceeding code limitations 

Enbridge also placed fiber-reinforced concrete slabs and warning tape above the pipeline near 
Indian Point to reduce Lhe likelihood of construction digging or other activities inadvertently 
reaching and damag'ing the pipeline. 

In general, these e['lhancements reduce the likelihood ofa pipeline rupture due to known risk 
factors such as welding flaws, corrosion, and incidental damage. The team's peer reviewer (see 
Appendix E) confirmed this reduction when reviewing the team's event frequency estimate 
discussed in Section 2.5 below: 

The method used to establish the initiating event frequency, although based on 
actual data, does not have a high degree of statistical confidence or relevance to the 
AIM pipeline. The data are a limitecl sample, and there were likely different causes 
and conditions associated with each of the fifteen rupture events (seam weld 
manufacturing defects/low toughness, external corrosion, stress corrosion cracking, 
and third-party damage arc the more common ones). And these conditions arc not 
directly applicable to the subject AIM pipeline. Most, if not all, of these failures were 
likely in legacy pipelines, manufactu.red to less rigorous standards than current 
practice and have been subjected to many years of potential in-service 
degradation. This is especia lly true for the ~4000 ft of enhanced AIM pipeline in 
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closest proximity to [Indian Point). Therefore, although there is a high deg1-ee [of] 
uncertainty in the assumed initiating event frequency, it is likely that the 
uncertainty is in the direction of making this estimate much higher than the 
true rupture frequency of that pipeline segment. (emphasis added) 

The team did not attempt to quantify a reduced pipeline rupture frequency for the AIM pipeline 
near Indian Point, given the uncertainties. In the team's view, optimistic estimates of failure 
frequencies (one in a million per year or less) often lead the licensee or the NRC to assess failure 
consequences in less detail. Therefore, the team continued with its analysis with a more general 
failure frequency. 

1.1.2. Risk Assessment and Mitigation 

After construction, pipeline operators continue to ass(lss and mitigate the risks to their pipelines 
thl'ough "integrity management" programs. l'or high consequence areas,1• the relevant 
requirements are in 49 CFR 192, Subpa1·t 0. The AIM pipeline near Indian Point is identified as 
being in a high consequence area, so these requirements a pply. Relevant requirements for tl1 is case 
include: 

Having an integrity management program (49 CFR 192.911, among others). These 
programs include identification of high consequence areas, plans for various assessment~. 
processes forcontilmal evaluation, and certain procedures. Operators must continually 
improve their programs. The team obtained information fro111 Enbridge verifying that it has an 
integrity management program and risk assessmC'nt process t hat manages, monitors, and 
addresses various types of corrosion, defects in the pipeline, third-party damage, operations 
issues, ,111d weather. Enbridgc's pmgrnm manual lays out the general approaches taken by 
Algonqui11 Gas Transmission.111 

• Assessing threats to the pipeline and taking actions to mitigate the risks (49 CfR 192.917 
and 192.935, among others) . "Threats" for purposes of this assess111ent include those listed in 
the American Society of Mechanical Engineers and American National Standards Institute 
(ASME/ ANSI) Standard 831.8S," s uch as corrosion, construction defects. third party damage, 
and human error. Operators use this standard to assess the risks associated with each threat 
a nd prioritize what baseline assessments and reassessmehts are needed, as wehl as what 
p reventive and mitigative measures will be taken. Preventive and mitigative measures are 
based on the risk assessment and can include instal ling remote control valves, replacing pipe 
segments with pipe of heavier wall thickness, ope~ating below 30 percent of the specified 
minimum yield strength,' and conducting tra ini11gand drills. [insert enbrldge) 

Conducting a basellne assessment and continuous assessments (49 CFR 192.921, 
192.937, and 192.939, among others). As appropriate fo1• the pipeliM segments, t'ne operator 
conducts internal inspections to detect corrosion or other threats, pressure tests in accorda nce 
with 49 CFR l.92, Subpart), "Test Requirements,"'' and direct assessments for corrosion. 
Operators must conduct this baseline assessment within 10 years from the date a pipeline is 
installed. The pressure test under 49 CPR 192, Subpart J, can satisfy the requirement for a 
!baseline assessment. Operators must continue to assess lhe pipeline, with a reassessment 
occun,ing no more than 7 years after the baseline assessment. The reassessments, similarly, can 
also include pressure tests or direct corrosion assessments. I.insert enbridgeJ 

The team also gained accoss to a risk assessment cono·~cted by the State of New York to assess 
infrastructure near the AIM pipeline and the risks of ci.amage to the pipeline. vu The risk asses.sment 
was based on experts' judgment and did not quantify probabilities and consequences of specific 
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scenarios. This evaluation considered risks to pipeline integrity such as corrosion a nd other 
material issues, excavation and other sources of damage, as well as equipment and operational 
failures. All risks specific to Indian Point were categorized as "unlikely." Mitigation a nd emergency 
response strategies were identified for each, including actions that the New York State Department 
of Public Safety would take. The appendix on Indian Point pipeline impacts summarized publicly 
available analyses related to the pre-existing and AIM pipelines and referenced prior conclusions by 
the NRC and licensees. 

Collectively, these ongoing activities provided the team with further confidence that a pipeline 
rupture is unlikely, though (as noted above) the team did not attempt to quantify the risk reduction 
from such activities. 

1.1.3. lsolatlon of a Plpellne Rupture 

lfa rupture occurs on the AIM pipeline near Indian Point, the effects on the nuclear power plant 
would depend on the volume of gas released. The volume of gas released is a function of the speed 
with which the pipeline operator isolates the ruptured pipeline. It is also a function of the length of 
pipeline that would be isolated, which deter mines the amount of gas available to flow out the break 
and feed a fire or other consequences. Entergy and the NRC made different assumptions regarding 
these variables. The team obtained updated information from Enbridge on the methods that the 
pipeline operator would use to isolate a rupture of the 42-inch AIM pipeline. 

Enbridge informed the team that the 42-inch AIM pipeline is continuously monitored from a gas 
control center in Houston, TX. The control center monitors pressures, flows, and compressor 
station status (including discharge and suction pressures). The Supervisory Control and Data 
Acquisition (SCADA) system is used to detect ruptures and was specifically enhanced to include a 
schematic screen to expedite evaluation a nd isolation of the pipeline. Alarms include a rate-of­
change alarm that detects a pressure drop on the line. If the data indicates a rupture requiring valve 
closures, gas controllers have the authority, autonomy, and ability to close valves to isolate the 
pipeline. They are also trained to isolate other affected facilities including shutting down the 
compressor station across the Hudson River . 

Enbridge has procedures for emergency notification, emergency response, alarm management, and 
response to abnormal operations that it would apply in these cases. The procedures indicate that 
the operator may have enough information from his data system, ala rms, and trends to enable 
emergency response actions. If the data is n,ot clear, the operators can use reports from outside 
sources such as emergency services or public officials to justify isolating a line. However, the 
controller is not required to have such verification to isolate the line if the data is dear. 

The mainline valves for the 42-inch pipeline arc remote-operated from the Houston control center. 
The control center can also monitor pressures on the upstream and downstream sid es of the valves. 
Enbridge estimated, based on tabletop training and operating experience, that it would take 
up to e ight minutes to identify a rupture us ing the Supervisory Control and Data Acquisition 
system, confirm that the valves need to be closed, and close the valves. Enbridge noted that 
three minutes (previously referenced by Entergy) would be a "best case"; and that 
confirmation of the event could add additional time to the assumed closure time. The team 
notes that data from actual accident experience, as discussed in Section 2.4, indicates that ruptured 
pipelines have taken minutes to hours to isolate, depending on a number of factors, including 
whether valves can be remotely operated or must be manually closed. 

Enbridge informed the team that these mainline valves on the 42-inch AIM pipeline near Indian 
Point were closer together (i.e., could isolate a smaller segment of pipeline) than required by DOT 



regulations. The team obtained schematics s howing the location of mainline isolation valves near 
Indi an Point. As has been stated in multiple other evaluations, the nearest remote-controlled valves 
to Indian Point are about 2.8 miles apart. The next closest downstream valve- which is also remote 
controlled-is aboL1t 5.6 miles downstream. The next closest upstream valve is associated with the 
Stony Point compressor station, about 2.5 miles further upstream. Based on the PHMSA team 
member's experience, in some cases the pressure drop from a pipeline rupture may make it 
challenging to close the nearest valve to a rupture, and operators may need to close a valve further 
from the rupture. The team concludes that the minimum pipeline length that could be 
isolated is about Z.8 miles, and depending on circumstances, the pipeline length could be 5.3, 
8.4, or 10.9 miles. 

As a result of this new information, the team recommends that Entergy reevaluate its assumptions 
of a three-minute pipeline isolation time and a gas volume based on approximately 3 miles of 
isolated pipe, as discussed in Section 2.6, to determine if changes to these factors ha ve a significant 
impact on its original external hazard evaluation related to the 42-inch AIP pipeline. The related 
OIG finding is also discussed in Section 5.1.5. 

1.2. Pipe Rupture Consequences - Overpressurlzatlon and Mlsslles 

Regulatory Guide 1.91 states that "[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 10·6 per year when based on 
conservative assumptions, or 10·7 per year when based on realistic assumptions, is .acceptable." 
Additionally, the guide states that "[i]fthis criteria cannot be met, then the applica1tt 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." 

In the 2014 and 2015 10 CFR 50.59 evaluations, viii Entergy found that the frequency of a peak 
overpressure may be more than 10·6 per year, so a detailed evaluation was needed to illustrate that 
the safety-related structures could withstand blast and missile effects, For missile effects, Entergy 
noted that 900 feet is the greatest distance noted in the literature, which is less than the distance to 
any plant systems within the SOCA. For blast effects, Entergy calculated that a vapor cloud 
explosion would not damage important-to-safety SSCs within the SOCA, 

The NRC staffs inspection report1• stated that: 

The staff determined that the impacts to the SSCs important-to-safety outside the 
SOCA from the proposed new pipeline are bounded by the impacts from low 
probability events of extreme natural phenomena (including seismic activity, 
tornado winds, and hurricanes) which have been previously assessed and are 
addressed in the Indian Point Units 2 and 3 [updated FSARs]. 

The team could not verify tile assumption that the Unlt 2 and Unit 3 updated FSARs bounded the 
impacts for missiles. Additional information on this assumption is provided in Section 5.2.2. 
However, for missiles, the team did find that the largest distance that a section of ruptured pipe has 
been thrown is appro>fimately 600 feet. (According to PHMSA, the 900 feet reported by Entergy for 
one incident was an initial estimate by accident investigators, but the final establish ed distance was 
554 feet, which did not exceed the pote ntial Impact radius for the pipe.) flor overpressurization, the 
team was not able to verify that there was 110 impact to SSCs required for safe shutdown A 
probabilistic risk assessment was done to determine the increased risk to the plant from a pipeline 
rupture. Section 2.5 provides more information 011 this risk assessment. 
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Team members at Sandia National Laboratories (SNL} performed a more detailed analysis. SNL 
evaluated whether the models specified in the RG 1.91 were used appropriately, ver ified the NRC 
analytical model results, and performed a preliminary vapor cloud dispersion simulation. In 
repl icating prior NRC analyses, SNL determined that certain assumptions made by NRC may not be 
valid. The two major assumptions challenged by SN L's analysis include the immediate positive 
buoyancy of the methane cloud and the use of the TNT equivalency model for this scenario. The 
team recommends that RG 1.91· be reviewed to determine whether changes are needed to account 
for these findings, and to address the agency's expectations when detailed analyses are needed. 
Section 4.4 has more details on recommended changes to RG 1.91. 

In the preliminary vapor cloud dispersion simulation (see Appendix B). SNL showed that an 
unmitigated dense doud could form and travel far distances. These d istances are consistent with 
PHMSA's document for vapor cloud dispersion•; however, t he PHMSA report is typically only 
applied to nonflammable gases.•1 Based on these findings, the team consulted with PHMSA pipeline 
accident investigators. They noted that rich gases such as butane or propane which are heavier 
than air, may form gas vapor clouds, they were unaware of any large natural gas (which is 
methane) transmission pipe ruptures that have resulted in delayed vapor cloud explosions. They 
agreed that methane gas under high pressures would Initially be denser than air when being 
released after a pipeline rupture, but in their experience the dense gas may initially pool in the 
crater resulting ightom the rupture, but the gas will become lighter than air once as it leaveexpands 
its the crater. Additionally, the team reviewed an Oak Ridge National Laboratory study performed 
for PHMSA in support of a rulemaking on the use of automatic and remote controlled isolation 
valves that noted blast a nd overpressure effects were not evaluated because they occur 
immediately after the pipe break."' In the team's interview with an independent gas pipeline expert, 
he noted that t he heat flux would be the mo re controliing scenario. 

As n oted in the analysis assumptions, the SNL preliminary evaluation did not quantify plant impacts 
or overpressures that may be experienced, and local terrain was not considered <I , 11 , , 111 
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local elevation change, r iver valley meteorology, a nd surface roughness would impact vapor cloud 
dispersion and generally preclude dispersion towards ,. the plant. If unmitigated dispersion were 
to occur, several igaition sources appear to exist between the pipeline and plant, such as the 
Buchanan switchyard. The team also notes that the concrete barrier above the pipe wouid likely 
create an igni tion source, ifa pipe rupture occurred. Given the accident experience from PHMSA, 
input from the independent pipeline expert. local terrain effects, and the presence of ignition 
sources, the team believes that there is reasonable assurance of adequate protection of the safety­
related functions of t he plant. 

0 
1.3. Pipe Rupture Consequences - Jet or Cloud Fires 

Depar tment of Transportation regulation 49 CFR 192.903, "What definitions apply t o this subpart?'' 
defines terms including "potential impact radius." The potential impact radius "means the radius of 
a circle within which the potential fa ilure of a pipeline could have significant impact on people or 
property." The equation included in the regulation is: 

r = 0.69Jp • d2 
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In this equation, r is the potential impact radius (ft), p is the MAOP of the pipeline (psi), and dis the 
pipeline diameter (in). This equation is associated with the heat-affected area,>111 as described 
further in the notice issuing the rule••• and the technical basis provided in C-FER report prepared 
for the Gas Research lnstltuto.w 

Based on the input from the team's PHMSA member and the team's in terview with an independent 
gas 'Pipeline expert, the potential impact radius is the radius for a person to get out of the area 
within 30 seconds and is not meant t,;i be used to determine the survivability of buildings. 1'hey 
recommended multiplying the calculated potential impact 1·adius by 1.5 to 2 as a "rule of thumb'' to 
determine a safe distance for buildings. This aligns with the Oak Ridge National Labor,atory report 
mentioned above•vt that evaluated the thermal impacts of double-ended guillotine breaks. The 
report noted that severe damage could occur within 1.5 to 1.7 times the potential impact radius. 
This conclusion is consistent with the risk assessment performed by New York State."11 

Using this formula for the 42-inch, 850-psl gas pipeline at Indian Point results in a potential impact 
radius of845 feet. Doubling this number results in an expanded impact radius of 1,690 feet. This 
radius would extend into the the SOCA; however, it would not impact any safety-related structures. 

Entergy found that at the SOCA fence, heat nuxes would be below 10 kW /m2, and that the heat flux 
at 2,028 feet (a location inside the SOCA fence but not impacting safety-related systems) is only 
5 kW /m2."111 

NUREG/CR-3330''' discusses the survivability of reinforced concrete at various heat fluxes for 
varying points inside a wall, the closest point being six inches inside the wall. At Indian Point Unit 3, 
the d iesel generator building has the thinnest walls of all safety-related buildings at 24 inches." The 
thinnest point of containment is 42 inches,"' and the thinnest point of the auxlliaty building above 
ground is 30 inches."11 NUREG/CR-3330 notes that at a heat flux of 15 kW /m2, it will take 11.6 
hours for temperature at six inches Inside the wall to exceed 350 degrees Fahrenheit (177 degrees 
Celsius) and 5 hours if the heat flux was 50 kW /m2• 

The team's independent analysis based on calculations in NUREG/CR-3330 found that heat fluxes at 
the closest safety-related structure would be 11 kW /m2 for a mass flow rate of 1940 kg/s. For a 
bounding flow rate of 4000 kg/s, the heat flux would be 21 kW /m2• Even at the bounding flow rate, 
the pipeline would not need to be shut off for over eight hours. This greatly exceeds the estimated 
time it would take for the gas pipeline to be shut off; therefore, the heat flux would have no impact 
on safety-related structures. An appendix to the Sandia National Laboratories report (included as 
Appendix B to this report) presents this analysis in more detail. 

The team concludes that a jet or cloud fire would not impact the plant's safety. 

1.4. Hlstorlcal Pipe Rupture Experience 

To provide perspective for the team's analytical results, the team obtained information from 
PI-IMSA's accident i:nvestigation division on some actual pipeline ruptures. This information is 
sum marized in Table 1. While this was a relatively small sample, it provided important background 
information to the team. In the table, the "impacted area" refers to the distance away from the 
pipeline where Investigators found Impacts as a result of the pipeline rupture. Impacted areas are 
generally an ellipse with a length parallel to the pipeline (and longer in the direction thar. had more 
compressed gas available) and a shorter width perpendicular to the pipeline. Most of these impacts 
were within or near the PIR, with none being further than 1.6 times the PIR. As noted above, 
isolation times can be rela tively long in certain cirwmstances, such as when valves need Lo be 
locally operated or when shutting off the pipeline could have 1nore significant consequences (e.g., 
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for customers who need heating) than the ftre. PHMSA staff stated that fires do not ignite in all 
cases, as both an arc and the correct atmosphere are needed to ignite the gas vapors. 

Table 1. PHMSA pipeli11e accide11t data showi119 pipe diameter a11d allowable pressure, calculated pote11tial impact radius, 
Impacted area, distance pipe was ejected, time to Isolate the li11e, and duration of fire. "NR" Is shown where data was not 
reported, and "N/A • is shown where the event did not occur. 

Pipe Impacted Area Pipe Isolation Fire 
Dia. MAOP PIR Length Width Ejected Time Duration 

Year Location (in.) (psi) (ft.) (ft.) (ft.) (ft.) (h:mm) (h:111111) 
1985 Beaumont, KY 30 936 633 700 500 NR NR NR 
2003 Viola, IL 24 975 517 not reported (N R) 554 8::48 11:55 
2008 Annomattox, VA 30 800 585 566 200 NIA NR NR 
2010 San Bruno, CA 30 375 401 375 160 100 1:35 2:35 
2017 Dixon, IL 20 BOO 390 365 163 NIA 0:31 3:06 
2018 Batesville, OH 24 1440 628 so 50 NIA 0:00 1:04 
2018 Moundville OH 36 1440 943 250 250 100 0:25 3:05 
2018 IJesston. I<S 26 899 538 400 200 254 0:02 2:44 
2018 Buffalo, 01< 26 765 496 110 60 170 1:09 NIA 
2018 WoodrulT, UT 20 918 418 143 90 430 1:21 NIA 
2018 Dixon Sorines, TN 22 773 4·22 30 20 75 0:38 NIA 
2019 Caldwell, OH 30 936 633 500 500 NIA 1:35 14:05 
2019 Mexico, MO 30 900 621 437 286 125 1:12 1:31 
2019 HotSoril1es AR 30 1000 655 252 114 306 2:12 NIA 
2019 Danville, K\' 30 936 633 704 645 600 1:52 3:07 
2019 Artesia, NM 20 1000 436 687 60 360 3:23 NIA 

This experience, which is mostly from the last few yea rs since PI-IMSA formed its accident 
investigation d ivis ion, is generally co11sislenr with earlier Information included in the C-FER report 
referenced above.u rn The C-PER report collected infonnation on incidents from 1969 to 1995 and 
compared actual incident outcomes to the proposed hazard area model- which became the 
potential impact radius under 49 CFR Part 192. f-igure 7 shows the comparison of distances that 
was included in the C-FER report In all but-one case, the potential impact radius wa s larger than 
the burn area or distance where any injuries was seen. Where the burn area was larger 
(NTSBPAR711), it was about 1.1 times the potential impact radius. 

Figure 8 shows fom· examples of pipeline ruptures, including those with and without fires. The 
elliptical nature of:hc most severe impacts is demonstrated in the two left•hand images, fi re and 
debris damage can be seen in the bottom·right image, and a rupture crater is shown clearly in the 
top-right image. 

The team discussed p ipeline ruptures with t he PHMSA accident investigation staff w ho prepared 
the more recent data. The PHMSA staff confirmed that, in their experience, that they had never seen 
explosions occurring away from the initial rupture site or any other damage outside the area 
damaged by heat or fire. Also, in their recollection, only one of these (San Bruno) occurred within a 
high consequence area, and pipeline construction contributed to that failure. 

1.5. Pipe Rupture Risk Assessment 

The NRC uses a variety of methods to determine the safety significance of postulated events. Two of 
these methods use the insights from probabilistic risk assessments. One is the significance 
determination process,><>1v which uses risk insights, where appropriate, to help the N RC determine 
the safety significance of inspection findings. The other is Regulatory Guide 1.174, "An Approach for 
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Using Probabilistic Risk Assessment in Risk-Informed Decisions on Plant-Specific Changes to the 
Licensing Basis."xxv 

Both of these approaches use the metric of change in core damage frequency resulting from the 
situation to assess an inspection finding or a licensing basis change. These approaches define a 
small change to be less than one in a million years (10·6). The NRC uses the agency's independent 
risk models to evaluate the change in core damage frequency. The team, with support from experts 
at the Idaho National Laboratory, modified the Indian Point models to reflect a pipeline failure and 
conducted a risk analysis. The team assumed that a pipeline failure would cause an unrecoverable 
loss of the Buchanan switchyard and cause loss of the city water tank. Based on these analyses, the 
team found that the change for both plants was an increase of one in 63 million years (1.6 x 10·8 per 
year), which is well below the agency's defined threshold for a "small" change in risk of one in a 
million years. 

Because of the uncertainty associated with the consequences of overpressurization from an 
explosion, the team also performed a sensitivity analysis. This analysis assumed that all equipment 
not in a seismic Category I structure (i.e., not located in the primary auxiliary building, diesel 
generator building, or reactor containment), was lost upon the pipeline rupture. These Category I 
structures like reinforced concrete containment structures, diesel generator buildings and auxiliary 
buildings are robust, safety-related, concrete structures designed to resist the effects of tornado 
miss iles, tornado high winds and seismic events and postulated internal accidents. Reinforced 
concrete containment structures are especially robust in that they are also designed to resist 
internal pressurization from design basis events, which in the case of the Indian Point nuclear 
power plant containments includes a design pressure of 47 psi above the atmospheric pressure. 
According to structural engineering experts at the NRC, it is a good starting assumption that these 
three structures will be capable to withstand the pressures from the explosion associated with 
rupture from a gas pipeline at a distance of 2300 feet or greater. This starting assumption needs to 
be validated using information on (1) the credible blast or detlagration loads from the pipeline 
accident, (2) the structural properties of the structures such as the thickness, spans and 
reinforcements of their walls and roofs, especially for the auxiliary building for which the thickness 
of the walls can decrease with height, and (3) the details of their relevant design loads such as the 
tornado design missiles and high wind pressure loads. As discussed in Section 2.3, the minimum 
thickness of the walls for the auxiliary building is 30 inches. Additionally, the seism1c Category I 
buildings are designed to withstand a pressure drop of3 psi,xxv; Based on the input from structural 
experts, the team assumed that the overpressurization will not damage these Category I buildings. 
The team primarily evaluated Unit 3 for this sensitivity, since it is closer to the 42-inch AIM pipeline 
and would experience more severe impacts. The change in core damage frequency for this scenario 
was one in 5.7 million years (1.75 x 10-7 per year). Again, this is below the agency's threshold for a 
"small" change in risk of one in a million years. 

The team was concerned that PHMSA's data provided a national pipeline mileage that included all 
diameters of pipes, not just large pipes, which could be non-conservative if used to calculate an 
event frequency. The team independently re viewed publicly available data.xxvll Using the last ten 
years' worth of data, the team determined Class 2, 3, or 4 carbon steel transmission lines with pipe 
diameters greater than or equal to 20 inches and maximum operating pressures greater than or 
equal to 300 psig rupture with a frequency of 2.4 x 10·5 per mile per year. The team recalculated the 
change in core damage frequency using this higher frequency and concluded that the cha nge in risk 
remained below the agency's threshold for a "small" change in risk. More information on the team 
risk assessment and the PliMSA data can be found in Appendix C and Appendix D, respectively. 



The agency's independent models only consider reactor risk, so the spent fuel pools and the dry fuel 
storage location m11st be considered separately. The spent fuel storage pit for Indian Poi!lt Unit 3 is 
a seismic Category .I structure and is designed for a pressure drop of 3 psi. Given this rugged 
construction and the Input from structural exports, the team concludes that a pi pell no rupture 
would not negatively affect the spent fuel pid, though the surrounding building could be damaged. 
Indian Point Units 2 and 3 use the Holtec HI-STORM 100 dry cask storage system.""rn The HI-
STO RM 100 dry cask storage system is also designed for for the same conditions as other Category I 
buildings. The team also concludes that the dry fuel storage location, which is much. farther from 
the 42-inch AIM pipeline than the other structures evaluated, would not be negatively affected by a 
pipeline nipture.""" 

1.6. Recommendation - Ask Entergy to Revisit Its 10 CFR 50.59 Evaluation 

Although the team did not conclude that immediate regulatory action is needed regarding Indian 
Point, the team does recommend further work be done by Entergy to show that its prior 
conclusions remain valid. Based on concerns raised by external parties and substantiated by 
the team, the team recommends that the NRC request Entergy under 10 CFR S:0.54(f) to 
submit updated information regarding the implications of the assumption that the 42-inch 
AIM pipe line could be isolated within 3 minutes and the length of pipe that would be 
isola ted. Entergy should either revisit its analysis applying an updated assumption or providing a 
basi.s for why the assumptions are not relevant to the conclusions previously presented. 

During the NRC's review of the October 2014 petition referenced in Section 1.2.4, the petitioner 
raised a concern that Entergy provided inaccurate or incomplete information contrary to the 
requirements in 10 CFR 50.9, "Completeness and accuracy of information.''"' The petitioner also 
asserted that the licensee may have violated 10 CFR 50.5, "Deliberate misconduct.''><X,, The 
petitioner's concern centered on whether it was appropriate to model the 42-inch AIM pipeline 
being isolated in 3 minutes.=n To this day, the petitioner continues to assert that the Entergy knew 
that the isolation times were inaccurate and material to the NRC determination.'"111 

For purposes of addressing the issue raised by the petitioner, deliberate misconduct occurs when a 
licensee voluntarily and intentionally (1) engages in conduct that it knows to be contrary to a 
requirement, or (2) provides materia lly inaccurate or incomplete information."'"1' Specifically, the 
requirements in 10 CFR 50.5 state, in relevant part, that licensees may not: 

Engage in deliberate misconduct that causes or would have caused, if not detected, a 
licensee or applicant to be in violation of any rule, regulation, or order; or any term, 
condition, or limitation of any license issued by the Commission; or 

Deliberately submit to the NRC, a licensee, an applicant, or a licensee's or applicant's 
contractor or subcontractor, information that the person submitting the information 
knows to be incomplete or inaccurate in some respect material to the NRC. 

... deliberate misconduct by a person means an intentional act or omission that the 
person knows: ... Would cause a licensee or applicant to be in violation of any rule, 
regulation, or order; or any term, condition, or limitation, of any license issued by 
the Commission; or ... Constitutes a violation ofa requirement, procedure, 
instruction, contract, purchase order, or policy of a licensee, applicant, contractor, or 
subcontractor. 

Similarly, 10 CFR 50.9 states, in relevant part, that: 
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Information provided to the Commi:ssion ... by a licensee ... shall be complete and 
accurate in all material respects. 

Since the licensee's initial and revised 10 CFR 50.59 analysis, as described in Section 1.2.1 above, 
additional information has been developed that questions Entergy's assumptions on pipeline 
isolation. Because some of t hese initial assu mptions have had reasonable challenges to t heir 
validity, the licensee s hould revisit its 10 CFR 50.59 a nalysis to verify whether its conclusion 
remain valid in light of this new information. 

1 Spectra (now Enbr idge) informed Entergy tha t the pipe would have 0.72-inch wall thickness and 
be X-70 piping with 70,000 psi yield strength and 82,000 psig minimum tensile strength. The pipe 
would be procured from vendors who have passed a stringent quality aud it, and full-time mill 
inspection would be performed by Algonquin Gas Transmission during pipe production. 
Specifications would require additional quality testing and integrity requirements beyond normal 
standards. These enhancements were discussed in a Spectra Energy lAlgonquin Gas 
Tra ns mission) memorandum to Energy regarding Response to Entergy Document entitled 
"Pipeline Enhancements Being Evaluated to Mitigate a Pipeline Failure," dated July 29, 2014. 

11 Defined in 49 CFR 192.103; ~ /www.lµw rnrnell,ctlu lcilJ.lJ:x.lJ1.2/ill.2il.J. 
iii Spectra Energy, "Integrity Management Program (IMP) Manual," 09-0000, Revision 11, dated 

October 10, 2019. This manual is not publ.icly available, but Enbridge made it avai lable to the 
team. 

I, "Managing System Integrity of Gas Pipelines," published in 2018. Publicly available from 
ht.tJIBL/www.as1:,e.org/cod es-standards/find-cod es•sta nda rds/b3 I -8s-01anai:1ni.:·syscem­
i0legrily-eas-pi peJi oes. The team had access to this standard through the NRC's subscription 
se rvice. 

'Specified minimum yield strength is define d in 49 CFR 192.3, "Definitions," 
Ullll.£Jlwww law corncl! edu/cfr/text/49/192 3. For the AIM pipeline near India n Point, 
Enbridge speci fied that the piping would have a 70,000 psi yield strength. 

' 1 bLt ps: l/www.la~~.rnrnclLcdu/<Jr/text /4-9 /p,Jrt · 192/subpart · 1 
' " "Algonquin Incremental Market Pipel.ine Rlsk Analysis Report," transmitted from several New 

York State agencies to the FERC Chairman on June 22, 2018 (see note Error! Bookmar k not 
d efined. for a related letter). The report is marked privileged and confidential and may contain 
Critical Energy Infrastructure Information, as designa ted by the FERC. lt is not available to the 
public. 

' '" See notes Error! Bookmark not d efine d. and Error! Bookma rk not d efined .. 

ix See note Error! Bookmark not defined .. 

x TT0-14, Derivation of Potential Impact Radius Formulae for Vapor Cloud Dispersion Subject to 49 
CFR 192, January 2005; https://www.phmsa.dot.gov/pipeline/gas-transmission- integrity­
management/derivation-potential-impactt-radius-formulae-vapor 

xl PHMSA Gas Integrity Management lnsepction Manual, January 1, 2008; 
http://www.viadata.com/pipeliner/ library_docs/Gas1MP%20Protoco1s%20With%20Guidance% 
20(8%201%202008) %20w%20disclai mer.pdf 



,11 "Studies for the Requirements of Automat ic and Remotely Controlled Shutoff Valves on 
Hazardous Liquids and Natural Gas Pipelines with Respect to Public and Environmental Safety," 
ORNL/TM-2012/411, dated October 31, 2012; 
ht lps: //www.phmsa.do t.gov /sites /phmsa.dot.guy /files/ doc..~ /technical­
rcsou rces /pipel inc/ 16701 /final valyestugy,pdf 

xiii Regulatory Guide 1.91 does not include any guidance on calculating heat nuxes associated with 
blasts. The guide assumes that overpressurization is the limiting scenario. 

xiv 68 FR 69778, issued December 15, 2003: https· //www goyjnfo cov/Hnk/fr /68/698] , . 
Additional information on this rule can be found in the docket folder at 
https://www rci;:ulations.cov/dockct?D=PI I MSA-RSP/\-2000-7666. 

xv Dated October 2000; https: //www m:ulations gov idocument?D=PHMSA-RSPA-2000-7666-
illli2. 

"'' See note xii 

xvii See note vii 

xviii See Note Error! Bookmark not defined. 

,,. Published September 1983; ADAMS Accession No. ML062260290. 

xx Response to a Request for Additional Information regarding Order EA-12-049 and Order 
EA-12-051, dated December 2, 2016; ADAMS Accession No. ML 16350AI03. 

" ' Indian Point Unit 3 Individual Plant Examination, dated June 1994; ADAMS Accession 
No. MLU 0320477 

"'ii l.etter from J. Knubel, NY Power Authority to NRC on Indian Point, Unit 3, Transmittal of 
Individual Plant Examination ofExternal Events (IPEEEJ; ADAMS Accession No. ML11l27Al02 

xxlll See note xv 

xxiv IMC-0609 issued January 2019; ADAMS Accession No. ML18187Al87 

""v Revision 3 issued January 2018; ADAMS Accession No. ML173)7A256 

xxVi UFSAR Section 16.2; ADAMS Accession No. MLl 7299A229 

"'" From PHMSA Gas Distribution Incident Data - Jamtary 2010 to present (ZIP); 
htLp~://www phms,1.dot gov/data-,111d-stalistlcs/pipeHne/distribution-1ransmlssjun-~a1herin~-
1ng-and-liquid-aocictent-and-incident-data 

"'''11 77 FR 41454, issued July 13, 2012; https://www.govinfo.gov/content/pkg/FR-2012-07-
13/pdf/2012-lZl IO pelf 

xxix FSAR for HI-STORM 100; ADAMS Accession No. ML081350153 

"' h ttps:/ /www.n re gov /reading-rm /doc-coUections{cfr /part050 /partOS0-0009.html 

xxx, https://www.nrc.gov/readin~·rm/doc-collections/cfr/partOSO/p11rtOSO-Ooos html 
xxxi; 10 CFR 2.206 Petition Review Board, RE: Indian Point Nuclear Generating Unit, Docket No. S0-

247, Transcript, Uuly 15,205), p. 14, 16. 

xxxiii The petitioner raised this issue during his interviuw with the team, as well in multiple instances 
of correspondence with the NRC. 

m lv See Enforcement Manual, Part 11-1: General Topics, Section 1.5. 



From: 
To: 
Subject: 
Date: 

Hi Suzanne, 

Sanborn. Scott Edward 
Dennis. Suzanne 
[Extemal_Sender) RE: RE: [EXTERNAL] RE: SNL memo 
Wednesday, Apri l 01, 2020 11:36:56 AM 

No problem with the conversion but I need to get the SAND number assigned through Sandia's R&A 

process (it ' in the queue now). I can send you the pdf at that poi1t, 

Thanks, 

Scott 

From: Dennis, Suzanne <Suzanne.Dennis@nrc.gov> 

Sent: Wednesday, April 1, 2020 9:27 AM 

To: Sanborn, Scott Edward <sesanbo@sandia.gov> 

Subject: RE: RE: [EXTERNAL] RE: SNL memo 

Hi Scott, 

I'm going to convert this to a PDF to make it easier to merge into our report...just wanted to make 

sure there wouldn't be any issues with that. 

Suzanne 

From: Sanborn, Scott Edward <sesanbo@sand1a.gov> 
Sent: Wednesday, April 01, 2020 10:15 AM 

To: Dennis, Suzanne <Suzanne.Dennis@orc.gov> 

Cc: Luketa, Anay <aluketa@sandia.gov>; Mohmand, Jamal Ahmed <iamohma@sandia.gov> 
Subject: [External_Sender] RE: [EXTE~NAL] RE: SNL memo 

Suzanne, 

Thanks. Attached is the version, with the editorial changes made based on NRC's 

comments/feedback, in our R&A system to get a SAND number. If you have any more 

comments/feedback please let us know as soon as possible. 

Thanks, 

Scott 

From: Dennis, Suzanne <Suzanne.Dennis@nrc.gov> 
Sent: Wednesday, April 1, 2020 7:32 .AM 

To: Sanborn, Scott Edward <sesanbo1@sandja.gov> 
Subject: [EXTERNAL] RE: SNL memo 



That sounds good! 

From: Sanborn, Scott Edward <sesanbo@sandia.gov> 
Sent: Wednesday, April 01, 2020 9:31 AM 

To: Dennis, Suzanne <Suzanne.Dennis@nrc gov> 
Subject: [External_Sender] SNL memo 

Hi Suzanne, 

Do you see any reason why the SNL memo shou ld rema in OUO? Jamal has made that change 
w.r.t. distance to be "Buiktings that house Emergency Diesel Generators (EDGs) are 
approximately 700 meters from the pipeline". At present we are ready to mark the revised 
version to be unlimited release. 

Thanks, 

Scott 



From: 
To: 
Cc: 
Subject: 
Date: 

Hi Suzanne, 

Sanborn. Scott Edward 
Dennis. Suzanne 
Luketa Anay: Mohmand Jamal Ahmed: Lafleur Chris 
[Extemal_Sender] RE: [EXTERNAL] FOR REVIEW: draft team report (by 4/1 ?) 
Wednesday, April 01, 2020 11:28:42 AM 

The way this report is written it makes it seem like Sandia contributed to the ent ire report. It needs 

to be more clear that Sandia only contributed to the Appendix. To protect our technical integrity I'm 

requesting the following changes: 

• Please remove our names from the Principal Contributors page; 

• Please modify this sent ence in sect ion 1.3 with the addition in red "In addition, the NRC 

contracted for experienced researchers at Sandia National Laboratories to provide expertise 

on natural gas modeling and fire risk; their work is documented in Appendix 8. 

• Please remove our bias from t,e bio section, we can put those into our appendix. 

The report needs to be clear that we did not contribute to the entire report, because we did not. 

Anay and Jamal will have specific review comments. 

Thanks, 

Scott 

From: Dennis, Suzanne <Suzanne.Dennis@nrc.gov> 

Sent: Tuesday, March 31, 2020 2:20 PM 

To: Luketa, Anay <a luketa@sandia.gov>; Mohmand, Jamal Ahmed <jamohma@sandia.gov>; La Fleur, 

Chris <aclafle@sandla.gov>; Sanborn, Scott Edward <sesanbo@sandia.gov> 

Subject: [EXTERNAL] FOR REVIEW: draft team report (by 4/1 ?) 

Hi SNL team, 

As promised, attached is a working draft of the team's report. There are a few areas 
outstanding (including a couple things you are working on) as noted in comments in the 
margin. We will be finalizing later this week, we hope. 

Could you please review and give us any comments/edits as soon as you can? We would like 
them by the end of the day on April 1 or mid-day on April 2, if at all possible. We can discuss on 
the phone any time you like. 

The report is quite long, so if your time is short I would recommend a detailed review of 
Section 2 where pipeline experience is heavily referenced, and a less detailed review in other 

areas where NRC processes are the focus. 

Thanks again for all of your continuing help. You have been a tremendous support to us. 



Suzanne 



From: 
To: 
Cc: 
Subject: 
Date: 
Attachments: 

Suzanne, 

Sanborn. Scott Edward 
Dennis. Suzanne 
Luketa Anav: Mohmand Jamal Ahmed 
[Extemal_Sender) RE: [EXTERNAL] RE: SNL memo 
Wednesday, April 01, 2020 10:19:01 AM 

NRC review memo EinaLdocx 

Thanks. Attached is the version, with the editorial changes made based on NRC's 

comments/feedback, in our R&A system to get a SAND number. If you have any more 

comments/feedback please let us know as soon as possible. 

Thanks, 

Scott 

From: Dennis, Suzanne <Suzanne.Dennis@nrc.gov> 

Sent: Wednesday, April 1, 2020 7:32 AM 
To: Sanborn, Scott Edward <sesanbo@sandia.gov> 

Subject: [EXTERNAL] RE: SNL memo 

That sounds good! 

From: Sanborn, Scott Edward <sesanbo@sandia gov> 
Sent: Wednesday, April 01, 2020 9:31 AM 

To: Dennis, Suzanne <Suzanne.Dennis@nrc.gov> 
Subject: [Externa l_Sender] SNL memo 

Hi Suzanne, 

Do you see any reason why the SNL memo should remain OUO? Jamal has made that change 
w.r.t. distance to be "Buildings that house Emergency Diesel Generators (EDGs) are 
approximately 700 meters from the pipeline". At present we are ready to mark the rev ised 
version to be unlimited re lease. 

Thanks, 

Scott 
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To: Suzanne Dennis 
U.S. Nuclear Regulatory Commission 

Operated for the United States Departrnen1 of Energy 
by National Technology and Engineering 
Solutions of Sandia, LLC. 

P.O. Box 5800 
Albuquerque, NM 87185-0101 

Phone: (505) 284-8280 
Fax: (505) 284-8920 
Email: aluketa@sandia.gov 

Subject: Review of NRC confirmatory analysis regarding fire and explosion for Algonquil1 
gas transmission line at Indian Point nuclear power plant 

The following provides a review of dispersion and explosion hazard analysis conducted by staff at 
the U.S. Nuclear Regulatory Commission (NRC) [l] regarding a 42" diameter natural gas pipeline 
next to the nuclear power plant, Indian Point Energy Center (IPEC) near Buchanan, New York. 

This review includes: 

• Evaluation of whether the models specified in the US NRC regulatory guide 1.9'1 [2] were 
used appropriately. 

• Verification of the results using the models used in the analysis. 
• Preliminary vapor cloud dispersion simulation using Computation Fluid Dynamics (CFD). 
• Summary of review. 

The following provides further description of each of these items as well as results and discussion 
thereof. Note that the request by NRC was urgent and required that Sandia provided the review 
within three weeks. Because of the limited time avai lable the independent analysis performed by 
Sandia is considered preliminary for reasons discussed in section 3. 

Additionally, appendix A provides a calculation of incident heat flux seen at IPEC safety related 
reinforced concrete sh·uctures. The calculation is based on NUREG/CR-3330 which provides an 
analysis on the amount of time nuclear safety related concrete structures can withstand various 
incident heat fluxes [A. I]. 
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1. Evaluation of the appropriate use of models: 

a. Model Description 

As specified in the US NRC regulatory guidelines 1.91, the NRC analysis uses the recommended 
ideal blast wave TNT equivalency method to determine the blast overpressure from a vapor cloud 
explosion. This method is described in a gu ideline document by Factory Mutual (FM) [3] cited in 
the NRC regulatory guidelines 1.91. The Factory Mutual document provides yield factors (or 
efficiency numbers) and heat of combustion values required as inputs into the model and 
discussion regarding the appropriate use and limitations of the model. 

The equations used in the model are the following. 

E 
WTNT=----­

H detonation TNT 

Rmin = Z * WTNT 
113 

where 

E = blast wave energy 
a = yie ld or efficiency number 
~He= theoretical net heat of combustion 
mr = mass of vapor released 
H cte1011a1io11 TNT= heat of detonation of TNT 

(1) 

(2) 

(3) 

Rmin= distance from explosion where peak positive overpressure equals 1.0 psi (6.9 kPa) 
Z = scaled distance (45 ft/lb 113or 18 m/kg113

) 

WTNT = TNT equivalent mass 

b. Model inputs 

Mass of vapor released 
The NRC analysis considered the release from one side of the rupture and uses ALOHA to 
determine the mass of the vapor cloud. The scenario evaluated is of a full-bore above-ground 
release. Such a scenario was realized in the natural gas pipeline accident in Carlsbad, New Mexico 
as described in the National Transportation Safety Board report [4] in which a 49-ft section of 
corroded pipe was blown off through the soil leaving a large crater. 

The pipeline is assumed to have manual closure of the isolation valves within 3 minutes where the 
distance between isolation valves is 3 miles. Thus, for a release from one pipe end rather that two, 
both isolation valves would have to be closed and the release would occur at one end of the 3-mile 
section or next to one of the isolation valves. Based on this distance, the pipe length was entered 
as 3 miles in ALOHA and the closed option selected which means the pipe is closed off at one 
end. ALOHA uses equations for choked flow assuming an ideal gas in which the flow rate 
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decreases over time due to the pressure drop and closed end of the pipe. The analysis considers a 
release over 1 minute using the maximum sustained average flow rate. An explosion calculation 
was also performed by NRC using ALOHA which calculates overpressure distances using the 
Baker-Strehlow-Tang method which incorporates general factors for obstacles that are not site 
specific. 

The NRC guidelines 1.91 cite reference [5] for methods of estimating the mass of the vapor cloud. 
The reference provides a range of possible models to use from integral to CFO-based models and 
ALOHA is among those listed which is considered an integral-based model. ALOHA is not 
capable of modeling topography and geometry that reflects congestion at a particular site. It also 
does not have models for supercritical releases which will be discussed in section 3. The NRC 
guidelines does state: 

"For releases of vapor clouds at o.ffsite location or pipelines, plume modeling based on 
site topography and meteorological conditions should be evaluated. The atmospheric 
transport of released vapor clouds should be calculated using dispersion or diffusion 
models that permit temporal as well as spatial variations" 

Since ALOHA cannot model topography and temporal variations, it is not appropriate for use if 
the above guideline is to be followed. It also does not model supercritical fluids which require 
models for real gases since it assumes the ideal gas law. 

Yield factor 
The parameter, a, in equation 1 is the yield factor or efficiency number which indicates the fraction 
of available combustion energy participating in blast wave generation. 

As stated in the FM guideline document, 

"it cannot be overemphasized that assigning of an explosion efficiency number to a 
potential gas release incident is, with current technology, and entirely arbitrary exercise" 

This is a key point because as discussed in the FM guideline a release in a congested area such as 
dense vegetation, vehicles, and buildings can result in significantly higher overpressures. The 
congestion will result in a range of yield values which is not accounted for by the TNT equivalency 
method. It is also noted that the method represents the explosion as a point source which is not 
representative of the pressure signature of vapor cloud explosions which tend to have greater 
pressures in the far field and of longer duration than predicted from the model. Due to the point­
source representation of the model, overpressures are overpredicted in the near field and 
underpredicted in the far field and are of shorter duration than vapor cloud explosions [3]. Lower 
overpressures of longer duration have the potential to be more damaging to strnctures than higher 
overpressures of short duration. It is further noted in the FM guideline that the method despite its 
drawbacks is often used to provide an approximate evaluation and that when very specjfic design 
basis building siting is required the method is inappropriate. 
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Related to the discussion provided in the FM guideline is the following statement provided in the 
NRC guideline 1.91: 

"A detailed analysis of possible accident scenarios for particular sites, including 
consideration of the actual amount of potentially explosive material, potential release, site 
topography, and prevailing meteorological conditions, should be used to justify a value for 
the yield. However, for establishing safe standoff distances independent of site conditions, 
the use of a conservative estimate for the yield is prudent" 

The NRC guidel ines 1.91 refers to the FM guideline for recommendations regarding the yield 
factor. The FM guideline recommends a yield factor of 0.05 for a Class I material such as natural 
gas based upon historical evidence which has indicated yields of 0.01 to 0.05 for typical 
hydrocarbons, though yields as high as 50% have been recorded and even very low estimated 
yields (~0.00 I ) have caused extensive damage [3]. Thus, it's difficult to determine what value is 
considered conservative. 

The NRC analysis used the recommended yield factor of 0.05 but did not account for site-specific 
conditions such as congestion and surrounding topography. A key question is whether the site 
surrounding the pipeline can result in much higher yields than 0.05 given the congestion as shown 
in Figure 1. The pipeline shown in Figure 1 is between IPEC and Buchanan or approximately 1600 
ft from IPEC. It is evident that the surrounding area is highly congested with vegetation, structures, 
and vehicles indicating that more detailed analysis would be warranted based on recommendations 
in both guidelines. The FM guidelines recommends the TNO Multi-Energy Model for congested 
sites and is discussed in that document. The main assump6on of the NRC analysis is that the since 
the vapor cloud is buoyant will rise and rapidly disperse above the suITounding vegetation and 
structures. This validity of the assumption will be discussed in section 3. 
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_, 
Figure 1: Indian Point Energy Center and Buchanan, NY. 
Heat of Combustion 
The NRC guidelines 1.91 refers to either NUREG-1805 [6] or the FM guidelines for the heat of 
combustion, though the FM guidelines does not specify the value for methane or natmal gas. In 
ref. [6] the heat of combustion for liquefied natural gas composed mostly of methane is provided 
as 50,000 kJ/kg. The NRC analysis used a value of 50,030 kJ/kg for methane. This results in a 
higher blast wave energy, though of an insignificant amount (0.06%) compared to using a value 
of 50,000 kJ/kg. 

Heat of Detonation 
In equation (2) the denominator, that is the heat of detonation, is given as 4420 kJ/kg (1900 
BTU/lbm) in the NRC guidelines 1.9 1 where reference [7] is c ited as the source for the value. The 
reference [7] source provides a value of 4500 kJ/kg ( 1935 BTU/lbm) rather than 4420 kJ/kg. To 
check the validity of these values, a resource by a recognized expe1t in the field of explosives [8] 
was used. Reference [8] states that the heat of detonation can be determined using three 
approaches, two theoretical approaches and experimentally. From a theoretical approach using the 
thermodynamic work function the value is 4853 kJ/kg and that using the hydrodynamics work 
function the value is 4519 kJ/kg. Experiment has indicated a value of 4686 kJ/kg. Thus, among 
these values the most conservative is 4519 kJ/kg which is above 4500 kJ/kg indicating that 4500 
kJ/kg is a reasonable value to use. It is uncertain as to where the value 4420 kJ/kg was obta ined in 
the NRC guidelines. 

Duration of release 
The amount of mass of vapor used in equation l is determined by the duration of the release. Based 
upon discussion via te leconference with the author of the NRC analysis, a key assumption of the 
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NRC analysis is that the vapor cloud will be buoyant and disperse within the first minute and thus 
only considered the mass re leased over l minute. The full release duration is never considered 
whether the release is 3 minutes or 60 m inutes thereby making the time at which the isolation 
valves are closed irrelevant. There is no evidence or justification presented for this assumption. 
Note that it is recommended in the FM guideline document that for a pipeline release it should be 
assumed that the pipeline is completely severed, and the duration of discharge should be 10 
minutes flowing from both e nds of the severed pipe even if automatic or manual block valves are 
present. An exception to this recommendation is not made for methane in the FM guideline. 

2. Verification of the results 

a. Explosion 

The results of the explosion calculations by the NRC ana lysis and verification by Sandia National 
Laboratories (SNL) are provided in Table I. Note that the pipeline pressure is 850 psig and in 
ALOHA the absolute pressure should be entered which would be 864 psia. Based on this 
verification, the NRC analysis appeared to have used 850 psia which does provide a flow rate of 
256,000 lbs/in. If 864 psia is used, the average flow rate would increase to 26 1,000 lbs/min and 
the resulting distance to an overpressure of l psi is 2365 ft which is not a significant different than 
the distance of 2351 ft obtained from the NRC analysis. Note that in Table 1 the distance verified 
by Sandia is using a pressure of 850 psia to determine if the NRC results could be reproduced. 

The NRC analysis used the maximum average flow rate obtained from ALOHA from a closed­
end 3-mile pipeline, cons idering a release for 1 minute before the cloud is ignited. The NRC 
analysis used both the TNT equivalency method and ALOHA to calculate the blast overpressure 
distance to 1 psi. The delay time that was used for the ALOHA calculation for the 1-minute release 
was not specified in the NRC analysis. SNL could only reproduce the results approximately if a 
delay time of 8 minutes is specified providing a distance of 3057 ft. If the delay time is not 
specified, but is chosen by ALOHA the distance is much greater, providing 9504 ft. The distance 
calculated by NRC using ALOHA for this case was discounted as mentioned in the report that 
vapor dispersion in a congested area is not credible because the methane cloud is buoyant and will 
quickly rise and disperse rapidly. 

The NRC analysis also considered a 60-minute release using ALOHA to calculate the maximum 
average sustained flow rate of 3 11,000 lbs/min. The mass released over the first minute was 
considered and not the total mass released over 60 minutes. The NRC analysis assumes that since 
the cloud will be buoyant it will disperse within 1 minute and thus an explosion will occur during 
the fi rst minute independent of re lease duration and thus uses a mass of 3 11 ,000 lbs for the TNT 
equivalency calculation. If the cloud is not immediately buoyant, then for a 60-minute release 
using the total mass calculated by ALOHA the result in 8872 ft or 1.7 miles. The assumption of 
whether the vapor cloud is immediately buoyant or if it behaves as a dense gas which will greatly 
extend the time before the c loud is diluted below the lower flammabil ity limit is discussed in 
section 3a. 
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a e : esu so T bl 1 R It f exp os1on ca cu a on or I . I ti fi NRC I • ana1ys1s an d SNL 'f f ven 1ca 10n 
Scenario Pipe distance Mass released Distance to Results of 

t psi blast verification by 
overpressure SNL using same 

methods 
Explosion from 3 miles 256,000 lbs for I minute using 235 1 ft (TNT) 2349 ft (TNT) 
one side of full- (distance ' closed' end of pipe option in 3054 ft 9504 ft 
bore rupture between ALOHA (ALOHA, with (ALOHA, with 
release isolation valves) congestion) congestion) 
Explosion from 3 miles Release over 60 minutes using 2509 ft (TNT - 2507 ft (TNT -
one side of full- (distance ' infinite source' option in mass released for mass released for 
bore rupture between ALOHA. first minute) first minute) 
release isolation valves) • 31 1,000 lbs/min maximum 8872 f t (TNT -

average sustained flow rate total mass 

• Total amount released released) 

13,785,499 lbs 

3. Computational fluid dy namics simulations 

A preliminary simulation was performed to determine the extent of the vapor cloud using two 
Computation Fluid Dynamics (CFD) codes, namely ANSYS Fluent for supercritical pipe flow and 
Fire Dynamics Simulator (FDS) for dispersion. The results from the pipe flow simulation is used to 
provide an approximate boundary condition for the natural gas release in FDS. Two separate 
simulations were performed because the pipe flow involves very high-speed flow which requires very 
small timesteps which would greatly increase the dispersion calculation if both the pipe and dispersion 
flow were coupled in a single simulation. Thus, pertinent values for the pipe flow simulation were 
assessed several diameters from the pipe exit where velocities are much lower than near the exit. FDS 
was chosen to perform the dispersion simulation instead of ANSYS Fluent because FDS has been 
validated for dense-gas dispersion [9] , though ANSYS Fluent bas the pertinent physics to model 
dispersion. 

It is highly stressed that the simulations are considered preliminary because a simulation study 
involves validation, evaluation of parameter sensitivity, and evaluation of grid independence to 
evaluate the level of uncertainty in predictions. Additionally, the accuracy of the real-gas equation of 
state used has not been evaluated. Other mode ls specifically for natural gas have been recently 
developed [ IO] [ 11] but require extensive effort to implement into ANSYS F luent which would not 
allow for this review to be completed in the timeline required. Also due to the limited time available to 
perform this analysis, the actual topography of the site is not included in the dispersion calculation and 
the simulation assumes a flat plane. 

a. Pipe simulatio1t 

The flow of natura l gas in the 42" diameter p ipe is supercritical at 850 psi for temperatures 200 Kand 
greater shown in Figure 2. Thus, a real-gas equation of state is used rather than the ideal gas equation. 
The flow is under-expanded choked flow in which the Mach number is 1 at the exit. Specifications 
provided in Table 2 and the domain shown in Figure 3 were used for the simulation. 
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Results from this simulation are shown in Figures 4 through 7. Figure 4 shows an axisymmetric 
contour plot of the Mach nwnber which indicates choked flow. Figure 5, showing an axisymmetric 
contom plot of velocity, indicates that the velocity at the exit of the pipe is about 375 m/s and that a 
downstream shock wave occurs wbich has a velocity of about 970 m/s. Especially significant to this 
review are the temperature and dens-ity contour plots shown in Figure 6 and Figure 7, respectively, 
since the statement has been made in the NRC analysis that the vapor cloud will immediately become 
buoyant. The results indicate that the region just before the shock wave wou ld resu lt in condensation 
of the methane and in regions after the shock would condense water allowing for the cloud to be 
visible. Note that the simulations did not include multiphase flow but would be required for a detailed 
analysis. 
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Figure 2: Temperature versus density of methane at 850 psi 
(https://webbook.nist.gov/chemistry/tluid). 
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Table 2: S ecifications for c flow simulation 
Value 
1.07 m 
IOOm 

Fluids methane, air 
E uation of State Soavc 
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Figure 3: Domain for pipe simulation. 
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Figure 4: Axisymmetric view of Mach number contours. 
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Figure 5: Axisymmetric view of velocity contours. 
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Figure 6: Axisymmetric view of temperature contours. 
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Figure 7: Axisymmetric view of density contours. 

Under-expanded compressible flow can produce a series of progressively weaker shock waves 
that form a diamond pattern. The pattern will not continue indefinitely but will be diffused from 
viscous effects and will no longer maintain their pattern. The pattern formed will depend on the 
exit pressure which for this s imulation was approximately 350 psi (2.3 MPa or 24 bar). 
Tllustration of variation of patterns is shown in Figure 8 which are simulation results taken from 
reference [12] of under-expanded methane jets for two different exit pressures, 20 bar (290 psi) 
and 12 bar (174 psi). Notable is that both cases results in regions of condensation. The pattern of 
the simulation results presented in Figures 4 through 7 are c losest to the exit pressure of 12 bar 
shown in Figure 8b. Though this should be caveated with the understanding that this is a 
preliminary simulation and that additional investigation is needed to improve accuracy for the 
reasons noted previously. For instance, the region beyond the pipe exit uses a stretched mesh in 
which cell sizes become increasing larger further away from the exit. It was necessary to use a 
relatively coarse mesh in this region in order to reduce computational run time to meet the 
project's timeline. Since the flow may not be sufficiently resolved past the initial shock wave, 
potential subsequent shocks forming the diamond pattern may not be captured. Also, due to the 
under resolution, the turbulence viscosity was artific ially h igh which resulted in enhanced 
mixing. It is anticipated more detai led structure similar to reference [ 12] would be captured as 
the mesh is refined possibly showing additional regions of condensation. 
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(a) (b) 
Figure 8: Simulation results of underexpanded methane jet for exit pressure of (a) 20 bar 
and, (b) 12 bar. Figure taken from Banholzer, M, et al., "Numerical investigation of the 
flow characteristics of underexpanded methane jets", Phys. Fluids, 2019 [12]. 

The results :from the present simulation and :from reference [ 12] indicate that the vapor cloud 
would be a dense gas initially and not be immediately buoyant. flLrthennore, the NRC analysis 
provides additional supporting evidence to the above that the issuing gas would be heavier than 
air. The NRC analysis uses a flow rate of 256,000 lbs/min (1939 kg/s) and a methane density 
issuing :from the pipe exit of 0.67 kg/m3 which is less dense than air. Given the area of the pipe 
(0.89 m2

), the resulting exit velocity would be 3,961 mis for this assumed density which would 
not be choked flow. To satisfy choked flow with an exit velocity of about 375 mis, the density 
would have to be around 6 kg/m3. 

This has significant consequences for explosion hazards since dense gas vapor clouds in stable 
atmospheric conditions can travel significant distances [ 13] and will persist much longer than I 
minute. Additionally, the dense vapor cloud would travel through the surrounding vege tation and 
other infrastructure to provide an environment for a deflagration to detonation transition (DDT). 
Particularly since the natural gas is not 100% methane but can have up to 5% of other 
hydrocarbons such as ethane and propane. Sma ll additions of these hydrocarbons can increase 
the sensitively of the gas to detonation [ 13]. 

Thus, it is recommended that the TNT equivalency model not be used but rather use a model that 
can include the effects of congestion such as the TNO multi-energy method [3]. And, if using 
ALOHA for explosion hazard assessment it is recommend that the 'congested ' option be used. 
For a 256,000 lbs/min released from one end of the pipe for either 1 minute or 10 minutes using 
ALOHA with the congestion option, distances to I psi overpressure of 1.8 mi les and 5 m iles are 
predicted, respectively. As noted previously, ALOHA calculates overpressure distances using 
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the Baker-Strehlow-Tang method which incorporates general factors for obstacles which are not 
site-specific and thus isn' t considered as accurate as the TNO multi-energy method. 

b. Dispersion simulation 

The simulation of the vapor cloud dispersion assumes that the safety valves could be shut in 12 
minutes, doubling the time provided in the report by the Office ofJnspector General of the NRC [ 14] 
from an interview with the Enbridge Energy Corporation, owners of Algonquin, which stated that it 
would take a minimum of 6 minutes to shut the isolation valves. For this preliminary simulation, the 
same flow rate as used by the NRC analysis of 256,000 lbs/min (1939 kg/s) was assumed for a double­
sided full-bore release. This is because the release rate depends on the pipe length and the simulation 
of the pipe used a length of 100 m rather than a length of 3 miles due to computational run time. For 
any future investigation, flow rate as a function of pipe length should be evaluated. Note that for the 
pipeline, given the much greater range of operating pressures above atmospheric, the flow will be in a 
thermodynamic state to resu lt in a gas density that is heavier than air. Thus, within the potentia l flow 
rates arising from the range of operating pressures, the gas will be denser than air. Based on the 
findings from the pipe simulation, the density of the gas is specified as 1.5 kg/m3 by evaluating regions 
beyond the shock wave. Thus, the gas will be heavier than air and will persist and spread much further 
than if the cloud was lighter than air. Since the CFD code, FDS, used to model the vapor dispersion is 
designed for low Mach number flows, that is, Mach numbers up to about 0.3 a release velocity of 50 
mis is used which is about Mach 0.15, well below the limits of FDS. To use this velocity and match 
the mass release rate of( l939 kg/s), the area of the release had to be increased relative to the pipe 
diameter, that is, from 1.1 m to 6.6 m. Thus, the details of the dispersion will not be representative of 
the actual pipe near the release but wi ll be representative of the vapor cloud in the far field providing 
an estimate of the extent of dispersal. The release is also above ground, but it is anticipated that the 
vapors would fill and eventually overflow a crater formed from a release. The specifications used in 
the simulation is provided in Table 3. 

a e : ,pee 1ca IODS T bl 3 S ifi f or 1spers10n s1mu a 100 f d' I f 
Spccifiication Value 

Duration of release 12 minutes 
Diameter of release 6.6 m 
Mass release rate 1939 kg/s (256,000 lbs/min) from two 

horizontal full-bore releases directed 
towards each other placed 15 m (50 ft) apart 

Fluids methane. air 
Density of methane 1.5 kg/m3 

Atmospheric conditions Stable (Monin-Obhukov relations), wind 
speed 1.5 mis, 

temperature 293 K 
Number of elements 80M 

Element size 0.2m 
Number of processors 168 

The computational run time was much longer than typical dispersion simulations because of the 
relatively high release velocity (50 mis vs. ~ l m/s). Typically, dispersion simulations will take about 
1-2 days to complete depending on the number of elements required. For this dispersion simulation it 
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took about a day to complete 200 seconds ofreal time. With an ending time of 1800 seconds, it would 
take about 9 days to complete. The simulation was terminated unexpectedly from the high­
performance compute c luster, possibly due to high demand, at almost 500 seconds of real time and 
was not restarted in order to meet the project's timeline. At almost 500 seconds the vapor cloud 
reached the lower flanunability limit (LFL - 5% vol.) at a distance of about 950 m (3,100 ft) from the 
release point. Since the release doesn't terminate until 720 seconds (12 minutes), it is anticipated that 
the distance would increase if the simulation was continued. Also, even after the release is terminated, 
the cloud will drift downwind and take several minutes to dissipate resulting in greater distances to the 
LFL. Given the above, it is anticipated that the distance would extend beyond 1,600 m (5,248 ft) since 
the cloud is propagating in the downwind direction at a speed of about l 00 m/ min. Figure 9 through 
Figure 1. 6 shows a temporal sequence of the development of the vapor cloud from 1-8 minutes by 
plotting contours of methane volume fractions at the upper flammability limit (UFL - 15% vol.) and 
LFL . If the cloud reaches an ignition point within the flammability region an explosion can occur. 
Note that the c loud in the lateral extent is propagating beyond the computational domain indicating 
that for any future investigation the domain should be increased in the lateral extent. 
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Figure 9: Top-view image of UFL (light blue) and LFL (dark blue) contours 1 minute after 
release. Distances are in meters. 
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Figure 10: Top-view image of UFL (light blue) and LFL (dark blue) contours 2 minutes 
after release. Distances are in meters. 
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Figure 11: Top-view image of UFL (light blue) and LFL (dark blue) contours 3 minutes 
after release. Distances are in meters. 
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Figure 12: Top-view image of UFL (light blue) and LFL (dark blue) contours 4 minutes 
after release. Distances are in meters. 
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Figure 13: Top-view image of UFL (light blue) and LFL (dark blue) contours 5 minutes 
after release. Distances are i.n meters . 
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Figure 14: Top-view image of UFL (light blue) and LFL (dark blue) contours 6 minutes 
after release. Distances are in meters. 
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Figure 15: Top-view image of UFL (light blue) and LFL (dark blue) contours 7 minutes 
after release. Distances are in meters . 
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Figure 16: Top-view image of UFL (light blue) and LFL (dark blue) contours 8 minutes 
after release. Distances are in meters. 

Figure 17 shows a centerline side view of the vapor cloud at 8 minutes indicating that it has not risen 
like a buoyant cloud but rather displays dense gas behavior by keeping relatively close to the ground. 
The highest point of the vapor cloud is near the source with a height of about 50 m then decreases to 
about 20 m for downwind distances. Note that the vertical extent of the domain is 100 m. Along the 
pipeline's route its elevation is lower than that of the IPEC, ranging from 20 ft to about 100 ft. Given 
this difference in height and the height of the cloud, the cloud can migrate over the hills if the wind 
direction is towards the IPEC. Since the wind can be in any direction, the dispersion calculation 

16 



assumes the wind direction is towards the SOCA. 

Figure 17: Centerline side view of vapor cloud showing contours of methane volume 
fraction at 8 minutes. 

.. 

,. 

This dense gas behavior has implications with regards to explosion hazards since the vapor cloud 
would travel through vegetation and persist for a sufficient amount of time to result in potential 
ignition which can lead to a deflagration to detonation transition due to the congestion or have 
overpressures that exceed 1 psi from a deflagration explosion. The vapor cloud region between 
the flammability limits is roughly 113rd the cloud volume and if the cloud encounters an ignition 
source in congested areas, significant overpressures can result. At approximately 6 to 7 minutes 
after release the flammabi lity region of the vapor cloud wi ll be either near or begin to engulf the 
SOCA and can result in an explosion with a high likelihood of exceeding an overpressure of I 
psi at the SOCA if ignited within the flammability region. The furthest point downwind distance 
within the flammability region is about 950 m (3,100 ft) at 8 minutes which is greater than any 
distance from the pipeline route to the SOCA (Security Owner Control Area) which varies from 
about 1580 ft to 2363 ft. At 8 minutes the flammability region would swTOund the SOCA. The 
results from this simulation indicate that for this release scenario explosion overpressures of 
greater than 1 psi at the SOCA would most probably occur given the surrounding congestion. 
Instances of natural gas pipeline accidents in which the natural gas was not immediately ignited 
at the release point and indicated that the cloud was not immediately buoyant can be found in 
references [ 15] [ 16]. 

4. Summary of review 

The following are the key findings from this review: 

1. Evaluation of models used: 
• Correct heat of detonation value was used; 
• ALOHA does not model supercritical flow and topography which is applicable to th is release 

scenario. 
• TNT equivalency model is inadequate for the release scenario. 
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2. The major assumptions of the NRC analysis that results in an underprediction of distances to an 
overpressure of 1 psi are: 
• The cloud will become immediately buoyant and disperse below the flammability limits within 

1 minute regardless of when the pipeline can be closed. Thus, only the mass released over 1 
minute is considered in the TNT equivalency calculations. 

• The cloud will not propagate through vegetation and congested areas since its density will be 
less than air. 

3. The major findings from the prelimina1y SNL analysis are: 

• 

• 

• 

The vapor cloud will be heavier than air which will cause it to disperse near the ground and 
will persist after the pipe has been closed. 
The dense-gas vapor cloud will propagate through the vegetation and congested areas which 
increases the likelihood of a deflagration to detonation transition. 
Simulation results indicate that at approximately 6 to 7 minutes after release the flammability 
region of the vapor cloud will be either near or begin to engulf the SOCA and at 8 minutes the 
flammability region would surround the SOCA. Thus, if the cloud is ignited within the 
flammability region, the explosion would have a high likelihood of exceeding an overpressure 
of l psi at the SOCA. 

It is highly stressed that the simulations are considered preliminary because a simulation study 
involves validation, evaluation of parameter sensitivity, and evaluation of grid independence to 
evaluate the level of uncertainty in predictions. Also, the accuracy of the real-gas equation as not been 
evaluated for the pipe simulation and the actual topography and infrastructure of the site is not 
included in the dispersion simulation. 
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Appendix A: NUREG/CR-3330 Calculation 

Phone: (505) 844-3282 
Email : jamohma@sandia.gov 

NUREG/CR-3330 provides an example calculation of a fire accident scenario for a high-pressure 
natural gas pipeline. In the sample calculation a discharge from a 36-inch pipeline operating at 
1000 psig [ A.l]. From 3- l the average flow rate of l 700 kg/s from the range of 1400-2 l 00 kg/s 
was applied to the calculation. 

Using the equations provided in the NUREG the results can be replicated and applied to the AIM 
pipeline situation. There are three main steps in calculating the incident heat flux applied to the 
reinforced concrete safety related structures. 

Step 1: Calculate the radiated power (PR), using Equation 3.1 
Step 2: Calculate the radius and diameter of the spherical flame 
Step 3: Calculate the incident radiation at various distances using Equations 4.1 and 4.2 1 

Applying this methodology to the AIM pipeline the same variable assumptions were made, 
except for the mass flow rate of the 42-inch pipeline operating at 850 psig. According to the 
NRC's Review and Confirmatory Analysis the mass flow rate for the pipeline is 1935 kg/s [A.2]. 
The value was rounded to 1940 kg/s for the sake of this calculation and is referred to as the 
Nominal Case. 

According to Table 3-1 of the NUREG a pipeline of 42-inch diameter would have a mass flow 
rate between 2000-3200 kg/s. To illustrate the impact of a pipeline of larger mass flow rate on 
incident heat flux a value of 4000 kg/s was used to calcula te the last set of values this referred to 
as the Bounding Case. 

Below in Table A-1 the results of incident heat flux on reinforced safety related concreate 
structure are shown for distances of 482, 500, 700, 1000, and 1500 meters. The Security Owner 
Control Area (SOCA) fence is 482 meters away. Buildings that house Emergency Diesel 
Generators (EDGs) are approximately 700 meters from the pipeline. 

1 For Transmissivity in Step 3, the 20% Relative humidity Curve on Figure 3-2 in N UREG/CR-3330 was used. 
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Table A-1: Incident Radiation at Various Distances and Mass Flow Rates 
Mass Radiated Fire Incident 

Case 
Distance Flow 

Power Diameter Transmissivity Radiation (m) Rate 
(kl?fs) 

(kW) (m) (kW/m2
) 

482 NIA NIA NIA NIA NIA 
700 NIA NIA NIA NIA NIA 

Sample 500 0.7 19.6 

1000 1700 4.09E+07 295 0.63 4.6 

1500 0.57 2.0 
482 0.7 23.6 

500 0.7 22.1 
Nominal 700 1940 4.57E+07 312 0.65 10.9 

1000 0.63 5.3 

1500 0.57 2.2 

482 0.7 44.1 

500 0.7 41.5 
Bounding 700 4000 9.61E+07 452 0.65 21.4 

1000 0.63 10.7 

1500 0.57 4.4 

Using the bounding mass flow rate of 4000 kg/s the incident heat flux on safety re lated structures 
if located at 482 meters would be 44 kW/m2. Note that the same parameter assumptions were 
made as were made in the sample calculation; combustion efficiency, fraction of excess 
entrained air, and flame temperature may affect the results. 

NUREG/CR-3330 states in 'fable 2-1 that the reinforced safety related structure would last 5 
hours with an incident heat flux of 50 kW/m2 applied. This is based on the criterion 1 which is 
'Temperature at the first rebar location does not exceed 177°C (350°F)'. Since the first rebar 
location does not exceed this temperature, the interior temperature does not exceed this value 
either. 
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From: 
To: 
Subject: 
Date: 

Hi Suzanne, 

luketa. Anay 
Dennis. Suzanne 
[Extemal_Sender) RE: [EXTERNAL] RE: Additional Information for Consideration 
Tuesday, March 311 2020 4:39:11 PM 

Thanks for sending this. I think this is confirming t hat the problem is more complex with regards to 

the scenarios/causes and that the cloud is not immediately buoyant and can ignite past 1 minute. I 

think it would be helpful to include reference to the NTSB Florida report and this paper in the report. 

-Anay 

From: Dennis, Suzanne <Suzanne.Dennis@nrc.gov> 

Sent: Tuesday, March 31, 2020 12:14 PM 

To: Luketa, Anay <a luketa@sandia.gov> 

Subject: [EXTERNAL) RE: Additional Information for Consideration 

Hey Anay, 

Here's another paper I found today on underground pipes ... t houghts? 

https·//www sc1encedirect.com/sc1ence/art1cle/abs/oi1/Sl87551001S001560 

Suzanne 

PS: Sorry if I'm overwhelming you! 

From: Dennis, Suzanne 

Sent: Tuesday, March 31, 2020 9:46 AM 

To: Luketa, Anay <aluketa@sandia.gov> 

Cc: Sanborn, Scott Edward <sesanbo@sandia.gov> 

Subject: Additional Information for Consideration 

Hi Anay, 

We found this PHMSA report that states: 

Blast, overpressure, shrapnel, and earthquake-type effects resulting from an unintended natural gas 
or hazardous liquid pipeline release a,-e hazards that can adversely affect humans, property, and the 
environment. However, these effects are beyond the scope of this study because they occur 
immediately after the break and RCVs and ASVs, which typically require several minutes to close, 
cannot mitigate these hazards. 

Can you address t his ORNL report in your memo? 



Thanks! 

Suzanne 

Suzanne Dennis 

Office of Research 

U.S. NRC 
301-415-0760 



From: 
To: 
Cc: 
Subject: 
Date: 

Hi Suzanne, 

Luketa. Anay 
Dennis. Suzanne: Mohmand. Jamal Ahmed; Lafleur. Chris 
Sanborn Scott Edward 
[Extemal_Sender) RE: [EXTERNAL) Comments/Clarifications on Draft Report 
Tuesday, March 31, 2020 2:31:36 PM 

See my responses below. -Anay 

From: Dennis, Suzanne <Suzanne.Dennis@nrc.gov> 

Sent: Monday, March 30, 2020 7:07 PM 

To: Luketa, Anay <a luketa@sandia.gov>; Mohmand, Jamal Ahmed <jamohma@sandia.gov>; La Fleur, 

Chris <aclafle@sandia.gov> 

Cc: Sanborn, Scott Edward <sesanbo@sandia.gov> 

Subject: [EXTERNAL) Comments/Clarifications on Draft Report 

Hi SNL team, 

Thanks aga in for all of your help on this! We are so glad to have your expertise! 

On report 

• Page 3 : "ALOHA is not capable of modeling ... congestion" I thought this was an option? Is it 

not? Please clarify. Added clarification. 

• Page 3 states that ALOHA is not appropriate for this kind of application. Can you add a quick 

description on when ALOHA is appropriate, if at all {like for very bounding appl ications)? I 

haven't validated ALOHA so I can't comment on th is. 

• Page 4 states "yields as high as 50% have been recorded," can you add a reference there? 

Reference added, 

• Under "duration of re lease on page 5, " First sentence needs edit: "The amount of mass used 

in equation 1 will determine by the duration ... :" Corrected 

• Last sentence, second 1Para, page 6 needs edit: 11if it behaves as a dense gas which wil l greatly 

extent the t ime" Corrected 

• Figure 9 : please split into separate figu res and note minute represented Will separate Figure 

9 with time noted. 

• Add foot measurements to Appendix A 

• A qJestion I forgot to ask today (or can't remember the question if I did): Do you have an idea 

of overpressure if ignition occurred within 1-minute after rupture? This would require 

addit ional analysis that would not meet the t imeline. I wou ld get an estimate using the Sandia 

shock physics code, CTH 

• If pipe rupture is occurring in a crater, does that change the results? When we talked to 

accident experts at PHMSA today, they said that typical ly the super-critical, high mass flow 

would be expected before t he pipe exploded to the surface, but once it pushed t hrough the 

dirt, It wou ld become buoyant. I'm not sure how I can explain that the flow would no longer 

be choked. Also, I'm not sure then how to explain the photo in the NTSB Florida report which 

created a crater, showing a white cloud that indicates condensation of water vapor. And, 

injury to the officer that walked through a dense cloud indicating that there was enough 



oxygen displacement from inhaling the methane to cause '1ealth concerns. Can they explain 

the physics of t his, that is, how the flow Is no longer choked? If they have data on t his can 

they share this with me? 

• Also, our discussion with the PHMSA experts rem inded me that we should probably state 

somewhere that your boundarv condition calcu lation assumed the equivalent of an above­

ground break, correct? Added. 

• Exp losions away from the rupture site or blast impacts at a longer distance than the heat­

affected area have not been seen by the PHMSA accident experts, either in accidents or from 

controlled blowoff valves (which wou ld not have the turbu lent effects of two pipe segments 

facing each other} - anything that could explain why th is phenomenon has not been seen in 

real life? *Steve is going to try and set-up a phone call w ith t he investigator that looked at the 

Florida rupture to ta lk about the cloud.* I don't know the statistics on this which is under 

PHMSA area of expertise. I would think they would be asked if il's impossible to have an 

unignited release and would hove to explain the Florida incident. Also, as I mentioned, I don't 

know what the potential is for vapors to form from a punct ure versus a ful l-bore release which 

mav have a higher probably of :::lelayed ignition. Maybe Steve can address th is as well. 

• Jamal - the report currently states: "closest safety-related structure [2320 ft] would be 

11 kW/m2 for a mass flow rate of 1940 kg/s. For a bounding flow rate of 4000 kg/s, the heat 

flux wou ld be 21 kW/m 2
." Can you verify but not add to report. 

Let me know if you have any questions about any of these. 

We got Steve a copy of the report tonight (he was having trouble accessing BOX}, so we might need 

to meet-up tomorrow if he has any questions. We' re hoping to have the draft copy of the whole 

report to you all by tomorrow. I know it will be a tight t urnaround to review (for me too!). 

Thanks aga in, 

Suzanne 

Suzanne Dennis 
Office of Research 
U.S. NRC 
301-415-0760 




