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1.0 PURPOSE AND OBJECTIVE

This calculation evaluates the hazard at the proposed National Enrichment Facility (NEF) in
Eunice, New Mexico due to the presence of a natural gas pipeline.

The evaluation is part of the Integrated Safety Analysis (ISA) for the proposed site, as required
by 10 CFR Part 70. It was performed in accordance with the Framatome ANP (FANP) Quality
Assurance Program.

2.0 BACKGROUND

A 16-inch natural gas line runs along the southern boundary of Section 32, Township 21 South,
Range 38 East, New Mexico Meridian, Lea County, New Mexico. The proposed NEF site
(Figure 1) is situated north of New Mexico Highway 234 within Section 32. Sid Richardson
Energy Services Co. (SRESCo), located in Jal, New Mexico, operates the pipeline. Information
gathered from SRESCo via telephone revealed that the pipeline is a low-pressure line (<50 psi)
that carries "wet sour gas," which is unprocessed, field gas from the well being sent (transmitted)
for processing (Attachment 5). The gas line is buried to a depth of about 3 feet. The gas
composition is approximately 72% methane, 11% ethane, 7% propane, and <1% hydrogen
sulfide. The gas line flow is between 200-500 thousand cubic feet per day. It is 14-15 miles in
length, with manual block valves at each end and in the middle. There also is a check valve at
the connection with the main service line located near Eunice and Highway 234. At its closest
approach, the pipeline is about 1800 feet (ft) from the Technical Services Building (TSB), the
nearest critical NEF structure (Figures 1 and 2).,

Following a postulated rupture of a segment of the gas pipeline shown in Figure 1, natural gas
will be discharged into the atmosphere. The released gas mixes with the atmosphere and forms a
vapor cloud. Depending on the environmental conditions, this vapor cloud will rise (due to
buoyancy effects) and travel away from the rupture location. The vapor cloud may explode (or
detonate). When this occurs, the shock wave associated with such an explosion may create an
overpressure on plant structures. Also, the dynamic impulse from such an explosion may propel
objects or missiles in the vicinity of the explosion towards the NEF structures and may
structurally damage critical buildings. Alternatively, the vapor cloud may ignite and form a
fireball, resulting in radiant heat that could cause potential structural damage.

Based on the above discussion, the hazards posed by an accidental rupture of the gas pipeline
therefore consist of:

a. Overpressure on plant structures due to shock waves generated by detonation or
explosion of the gas cloud from mixing of the released gas and the atmosphere.

b. Impact by missiles propelled by air bursts from detonation or explosion of the gas
cloud.

c. Radiant heat flux on plant structures due to combustion of the gaslair mixture in the
gas cloud (thermal impact).
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3.0 METHOD OF ANALYSIS

This calculation uses a hazard model to estimate the likelihood of a gas line rupture and
subsequent hazards that could impact NEF plant operations. In its general form, the probability,
P. of an incident occurring that affects plant structures is

P = PEXpiOSI.II + PMissile twmon+ P~hm. impCt

4.0 ACCEPTANCE CRITERIA

A natural gas pipeline incident is an external event. In accordance with NUREG-1520, Section
3.4 (Reference 1), an external event is considered not credible if the probability of the event
initiation is less than IO per year. If the probability is greater than 104 per year, the event is
considered credible and must be evaluated further.

5.0 INPUT & ASSUMPTIONS

The analysis input and assumptions are as follows:

1. The pipeline diameter is 16 inches, with an operating pressure of 50 psi (Attachment
5).

2. The gas released is methane, which is the major constituent of wet sour gas
(Attachment 5).

3. Ruptures less than 0.1 foot in length are assumed to be unable to cause a plant hazard.
If a rupture length is not reported, it is assumed to be zero.

4. The external walls of the proposed NEF buildings that house critical components are
made of concrete (Reference 10) and able to withstand an explosion as determined by
the safe separation distance in Regulatory Guide 1.91 (Reference 3).

6.0 ANALYSIS AND RESULTS

6.1 Probability of Pipeline Explosion

The general form for the probability of a pipeline explosion is

P=IxRcxD

where,
I = gas line rupture incident rate per mile
RC = conditional probability that a significant incident will occur given an incident
D = exposure distance in miles
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6.1.1 Probability of Pipeline Incident (I)

Historical data on pipeline accidents are available through the Office of Pipeline Safety (OPS)
official website (Reference 7). Attachment I shows the incident summary statistics from 1986 to
2002. Attachment 2 contains the incident summary by cause for years 1998, 1999, 2000, and
2001. Data from these four years will be used to evaluate the yearly probability of a pipe
rupture. The annual mileage of natural gas transmission pipelines in the country is given in
Attachment 3. Only the "onshore" mileage is used in this evaluation.

Also available from the OPS website (Reference 7) are the detailed account of each reported
incident, including incident address, incident date, type of incident and rupture length for a
rupture incident as well as telephonic records of incidents involving chemical releases. The
telephonic records contain information on incident description, and are used here to determine
the number of incidents that involve explosions.

Table I synthesizes the information in Attachments 1 through 3, the detailed transmission
incident accounts, and the telephonic incident notifications for years 1998 to 2001. The
telephonic records for 1998 and 2001 are only from January to June of each year. The number of
on-shore rupture incidents and total mileage for these two years, as a result, are divided by two.
The number of incidents that involve an explosion is determined from the telephonic records. If
no telephonic records exist, or no mention is made of an explosion for an incident, no explosion
is assumed for that incident. This is reasonable since an explosion would be reported if it did
occur (see Table 1, Note 8). Also, if a rupture length is not reported, it is assumed to be zero.
Only rupture incidents with a rupture length of greater than 0.1 ft are able to cause a plant hazard
(Input/Assumption 3).

From Table 1, the annual incident rupture rate is

I = 50 rupturesl873,305 miles = 5.73 x 10O5 ruptures/mile

Hence, the probability of rupture of the pipeline under evaluation is 5.73 x 10`5 ruptures per mile.

6.1.2 Conditional Probability of Significant Incident (Rc)

The conditional probability of a significant incident, Rc, has two parts. Given a pipeline
incident, in this case a rupture, there must be an explosion (Rct), and given an explosion it must
be substantial (Rc2) - i.e., be a detonation to affect plant buildings.

From Table 1, seven ruptures out of the 50 (with a rupture length greater than 0.1 foot) involved
explosions. Hence the fraction of explosion events is

RcI = 7/50 = 0.14

* As of the date of this calculation, transmission data for 2002 to the present was available; however, telephonic
incident notifications through 2001 were only available. Thercfore, this calculation is based on data between 1998
and 2001.
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As stated above, given an explosion it must be significant - i.e., a detonation, but not every
explosion is a detonation. Instead, most explosions are deflagrations, which produce much less
severe consequences than a detonation. Reference 5 suggests a denotation rate, R. 2, given an
explosion of 0.28, which is considered conservative (Attachment 7). Therefore, in this
calculation,

RC2 = 0.28

6.1.3 Exposure Distance (D)

The exposure distance, D, is a function of the safe separation distance. If an explosion occurs
beyond the safe separation distance for a plant critical structure, then the structures will be
unaffected.

The exposure distance has two parts: the distance to the gas upper and lower explosion limits
(UEL and LEL), DI, and the safe separation distance, D2. Di is determined by employing the
computer program ALOHA (Reference 6) to calculate the concentrations of gas from a
postulated gas release along a direct pathway to the NEF. D2 is determined following
Regulatory Guide 1.91 (Reference 3) and using the ALOHA results.

As shown in Attachment 4, DI, the distance to the LEL is 4,095 ft and D2, the safe separation
distance, is 1,471 ft., for a total of 5,566 ft. This means that NEF critical structures must be at
least 5,566 ft (1.05 miles) from the point of explosion. Using this distance as a radius, then
swinging an arc from the approximate edge of the TSB, intersects the gas pipeline at two points
(Figure 1). The distance of the cord between the two points is the exposure distance, D (Figure
1), with the maximum distance possible being two times the radius. Hence, for conservatism,

D= 2x 1.05 =2.1 miles

6.1.4 Final Probability of Pipeline Explosion

The final probability of a pipeline explosion is

P~xpl,.in = 5.73 x 105 ruptures (explosions)/mile x 0.14 x 0.28 x 2.1 mile = 4.72 x 10
ruptures (explosions)
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6.2 Probability of Missile Hazard

The missile generation hazard depends on the detonation strength (TNT-equivalent weight), the
dynamic pressure impulse, the projectile mass, air drag, and the distance between the detonation
center and the facility. Since none of these parameters for the proposed enrichment facility has
been established, it is conservatively assumed that every detonation will result in a hazard due to
missile impact. Accordingly, the probability of a hazard due to missile generation is the same as
the explosion probability previously calculated in Section 6.1, or

Pnissslegnerajidon = 4.72 x 106 / year

6.3 Probability of Thermal Hazard

The thermal radiation hazard depends on the gas release rate, subsequent motion of the vapor
cloud, flame temperature, flame speed, flame emissivity, air transmissivity, and distance between
the vapor cloud and the facility. The gas release rate and subsequent motion of the vapor cloud
for the present analysis are bounded by similar analysis involving a natural gas pipeline
conducted by the Tennessee Valley Authority (TVA) at the Hartsville Nuclear Plants (Reference
9). The pipeline in the TVA analysis had a larger diameter (22 vs. 16 inches) and a higher
operating pressure (560 vs. 50 psi). In addition, the TVA analysis used conservative values for
flame temperature, flame speed, flame emissivity, and air transmissivity, all of which are
applicable to the present evaluation. Lastly, although the distance to the pipeline for the NEF
site is less than the TVA analysis (1800 ft vs. 2650 ft), considering other conservatisms as noted
above, the TVA results for the radiant heat flux would bound those for a detailed analysis of the
pipeline near the NEF.

The worst-case heat flux to critical plant structures in the TVA analysis was less than 800 Btu/ft2
(page 2.2-12m, Attachment 9). Based on the above argument, the radiant heat flux to the
proposed NEF is also expected to be less than 800 Btu/ft2 . This is substantially less than the heat
flux expected to cause any damage to the concrete NEF structures. From Reference 9 (page 2.2-
121, Attachment 9), a heat flux of about 1750 Btu/ft2 would be needed to cause spontaneous
ignition of wood. The heat flux that would cause damage to concrete is expected to be much
higher. Given the low gas pressure, any fireball would last a very short period of time before the
flame front retreated back to the vicinity of the pipe, approximately 1800 ft from the NEF.
Hence, there is no need to consider the hazard due to heat exposure from combustion of the
gas/air mixture in the gas, resulting in a yearly probability of zero.

6.4 Probability of Hazard due to Gas Pipeline

The final probability of a hazard due to the natural gas pipeline in the vicinity of the proposed
NEF site is the sum of the three hazards:

P = 4.72x 104 /year+4.72x le /year+0 = 9.44x 104/year
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7.0 RESULTS AND CONCLUSIONS

A postulated rupture of the gas pipeline near the NEF could pose the following the hazards:

* Overpressure on plant structures due to shock waves generated by detonation or
explosion of the gas cloud from mixing of the released gas and the atmosphere.

* Impact by missiles propelled by air bursts from detonation or explosion of the gas cloud.

* Radiant heat flux on plant structures due to combustion of the gas/air mixture in the gas
cloud.

A hazard model estimated the likelihood of a gas line rupture and the subsequent hazards that
could impact NEF plant operations. The yearly probability of these hazards is 9.44 x 104 / year.
Therefore, the event is considered credible in accordance with NUREG-1520 (Reference 1).

The objective of this calculation has been met.
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9.0 QUALITY ASSURANCE

In addition to Urenco supplied design inputs, FANP is also using design inputs supplied by
Lockwood Greene. Urenco has authorized FANP in writing (Reference 2) to use design inputs
from Lockwood Greene for work in the preparation of the NEF License Application under the
context of the FANP QA program.
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Table 1
Pipeline Statistic for 1998 to 2001

(Source: Official website of Office of Pipeline Safety: ops.dot.gov, Reference 7)

1998 1999 2000 2001 ToalD
Rupture 24/2= 12 16 24 16t2=8 60
Rupture>0.1' 21/2=11 11 22 11/2=6 50
Total 295,598/2= 290,083 292,957 284,932/2 _ 873,305
Mileage 147,799 142,466 .-
No. Ignition 6 5 5 1 17
No. 3 3 1 0 7
Explosion

1. Only rupture incidents involving rupture lengths greater than 0.1 foot are considered. Unreported rupture
lengths are assumed to be zero. (Input/Assumption 3)

2. Information on incident types (i.e., ruptures) is based on natural gas transmission incident data.
3. Information on incidents and explosions is based on telephonic incident notifications. The number of ignitions

(fires) is for informational purposes. Ignition incidents include NRC Nos. (1998)420106,421437,427286.
430284,436523,437627 (also associated with an explosion), (1999) 474992,487294, 490844,498467,506063,
(2000) 527789,528256,534705,548619.549015 and (2001) 560330.

4. Two ruptures in 1998 (dated 1/26/98 and 3/20/98) were associated with off-shore incidents and not included in
the overall rupture total or in the rupture>0.1' total. Also note that in 1998, for one incident, (NRC no. 433654),
two pipes ruptured; therefore, this was counted as two pipe ruptures in the rupture and rupture>0. I' totals.

5. Referring to Attachment 3 - Incidents and Telephonic Records 1998 - 2001, note that some incidents were not
indicated to be a 'rupture' type incident on the transmission incident data report, although the telephonic
incident notifications indicated a rupture occurred. Therefore if a rupture length of>0. 1' was associated with an
on-shore, non-rupture incident type, it was counted in the rupture and rupture>0. ' totals. This applies to the
year 2000 (i.e., NRC No. 520444, dated 2/18/2000 - indicated to be a leak type incident).

6. Reported explosion incidents include NRC Nos. (1998) 424160,426483,437627, (1999) 472803,476123,
491766 and (2000) 551181. Note that for NRC No. (1998) 437627, both a fire (ignition) and explosion were
reported.

7. Although it has been assumed that rupture lengths <0..1 ' are unable to cause a plant hazard and unreported
rupture lengths are assumed to be zero, except for NRC No. 476123, six of the seven reported explosions are
associated with incident types that have no reported rupture length and/or are not indicated to be ruptures.
However, they have been considered in the explosion total and used to determine RF. in Section 6.1.2 without
increasing the number of ruptures >0.1 (i.e., 50) in computing Rcl. [Note: The other explosion incident
indicated to be a rupture is NRC No. 551181: however, it has no reported rupture length.]

8. Refering to Note 3 above, for some of the ignition incidents (ife., NRC Nos. (1998) 421437,430284, (1999)
487294,490844,498467 and (2000) 528256), the source of the ignition was reported as unknown and/or the
incident may have been reported after the ignition started. Considering that no mention is made of an
explosion, in addition to various conservatisms used in this evaluation (eg., determination of P.,15 ik Dad .. ,in
Section 6.2), it is reasonable not to include these incidents in the explosion total.
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Figure 1, Location of Pipeline near the Proposed NEF Site

Source: http://www.topozone.com

0 0.2 0.4 0.6 0.8 1 mi



z
0
EI

a

O
0.

0

0)
a

Al
.I

a
r
F

.CD

3

02

I.'

0

v
t

A)

ts

a

z
p

0
0Cu0

6

la1
0)a
CD,
-0

CO)

:1)
fir
o
5.



Document No. 32-2400572-02
Natural Gas Pipeline Hazard Risk Determination R i

Page14 of 45

Attachment 1: Incident Summary Statistics from 1986 to 2002
(For Informational Purposes)

OFFICE OF PIPELINE SAFETY
NATURAL GAS PIPELINE OPERATORS

INCIDENT SUMMARY STATiSTICS BY YEAR
1/1/1986 - 08/31i2003

TRANSMISSION OPERATORS

Year No. of Fatalities Injuries Property
Incidents Damage

1986 83 6 20 $11,166,262
1987 70 0 15 $4,720,466
1988 89 2 11 $9,316,078
1989 103 22 28 $20,458,939
1990 89 0 17 $11,302,316
1991 71 0 12 $11,931,238
1992 74 3 15 $24,578,165
1993 95 1 17 $23,035,268
1994 81 0 22 $45,170,293
1995 64 2 10 $9,957,750
199 77 1 6 $13,078,474
1997 73 1 5 $12,078,117
1998 99 1 11 $44,487,310
1999 54 2 8 $17,695,937
2000 80 15 18 $17,868,261
2001 86 2 5 $23,610,883
2002 81 I 5 $24,365,559

Totals 1369 59 224 $324,821,316

Historical totals may change as OPS receives supplemental Information on Incidents.
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Attachment 2: Incident Summary by Cause, 1998, 1999, 2000 and 2001
(For Informational Purposes)

OFFICE OF PIPELINE SAFETY
TRANSMISSION PIPELINE

INCIDENT SUMMARY BY CAUSE
111/1998 - 1213111998

(Natural Gas)

Cause No. of % of Prpry % of
Incidents Total DPamaesy Total Fatalities Injuries

____Incidents DmgsDamages____

CONSTRUCTIONIMATERIAL 19 19.19 $2,984,361 6.7 0 4
DEFECT I____

CORROSION, EXTERNAL 8 8.08 $1,289,036 2.89 0 C0

CORROSION, INTERNAL 14 14.14 $3,259,500 7.32 0 0

DAMAGE BY OUTSIDE 37 37.37 $18,673,077 41.97 1 3
FORCE__ _ _ _ _ _ _

OTHER 21 21.21 $18,281,336 41.09 0 4

TOTAL 99 $44,487,310 1 1

Historical totals may change as OPS receives supplemental information on incidents.

OFFICE OF PIPELINE SAFETY
TRANSMISSION PIPELINE

INCIDENT SUMMARY BY CAUSE
111/1999 - 12131/1999

(Natural Gas)

Cause Nof % Of % Of
Incidento Total Property Total Fatalities Injuries

ncdnsIncidents Damages Damages____

CONSTRUCTIONIMATERIAL8 148 $65400 3. 0 0
DEFECT 8_ 14.81 |6_6_4,800 37.6 _ 0

CORROSION, EXTERNAL 3 5.55 $465,000 2.62 0 0

CORROSION, INTERNAL 10 18.51 $3,352,000 18.94 0 0

CORROSION, NOT1 1.5$0 0 0
SPECIFIED 1 .__5 ___ ° °

DAMAGE BY OUTSIDE 18 33.33 $5,684,100 32.12 1 2
FO RCE I__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

OTHER 14 25.92 $1,540,037 8.7 1 6'

TOTAL 54 $17,695,937 2 8

Historical totals may change as OPS receives supplemental information on Incidents.
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OFFICE OF PIPELINE SAFETY
TRANSMISSION PIPELINE

INCIDENT SUMMARY BY CAUSE
111,2000 - 12/3112000

(Natural Gas)

Cause .%of %of.
Incident Total Property Total Fatalities Injures
Incident Incidents Damages Damages____

CONSTRUCTIONWMATERIAL 7 8.75 $591,043 3.3 0 0
DEFECT 7 873.3 .

CORROSION, EXTERNAL 14 17.5 $3,475,500 19.45 0 0

CORROSION, INTERNAL 16 20 $2,635,086 14.74 12 2

CORROSION, NOT 1 1.25 $730,000 4.08 0 0
SPECIFIED ___ ____

DAMAGE BY OUTSIDE 20 25 $3,164,161 17.7 3 7
FO RCE _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

OTHER 22 27.5 $7,272,471 40.7 0 9

TOTAL 80 $17,888,261 15 18

Historical totals may change as OPS receives supplemental information on Incidents.

OFFICE OF PIPELINE SAFETY
TRANSMISSION PIPELINE

INCIDENT SUMMARY BY CAUSE
11112001 - 13112001

(Natural Gas)

Cause No f % of % of
Incidents Total Property Total Fatalities Injuries

Incidents Damages Darnage

CONSTRUCTION/MATERIAL 12 13.95 $1,639,070 6.94 0 0
DEFECT_____ __

CORROSION, EXTERNAL 7 8.13 $1,961,350 8.3 0 0

CORROSION, INTERNAL 9 10.46 $3,301,200 13.98 0 0

DAMAGE BY OUTSIDE 36 41.86 $14,807,928 62.71 0 0
FO RCE _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

OTHER 22 25.58 $1,901,335 8.05 2 5

TOTAL 86 $23,610,883 2 5

Historical totals may change as OPS receives supplemental Information on incidents.



_ Document No. 32-2400572-02
Natural Gas Pipeline Hazard Risk Determination Revision 2

Page 17 of 45

Attachment 3: Natural Gas Transmission Pipeline Annual Mileage

Office of Pipeline Safety

Natural Gas Transmission Pipeline Annual Mileage

Transmission Gathe
No. of

Year Records Onshore Offshore Onshore Offshore
1984 885 277,601 7,353 33,290 3,671
1985 952 282,745 7,719 33,729 1,740
1986 1,008 280,667 9,291 29,737 1,958
1987 963 284,235 7,622 29,654 2,477
1988 1,019 280,252 7,908 28,941 3,101
1989 1,033 279,728 8,198 29,597 2,547
1990 1,105 283,880 8,110 29,266 3,154
1991 1,211 285,295 8,567 29,009 3,704
1992 1,183 283,071 8,397 28,909 3,720
1993 1,131 285,043 8,220 28,431 3,625
1994 1,229 293,438 8,107 27,392 3,912
1995 1,267 288,846 8,101 26,657 4,262
1996 1,247 285,338 6,848 24,844 4,761
1997 1,352 287,745 6,625 28,234 6,161
1998 1,164 295,598 7,108 23,480 5,673
1999 1,176 290,083 6,017 26,348 5,916
2000 1,158 292,957 5,241 21,706 5,682
2001 1,306 284,932 5,536 17,659 3,865
2002 1,389 301,312 6,212 15,968 3,355

Source: http://ops.dot.gov/stats/GTANNUAL2.htm - Pipeline Statistics, Transmission Annual
Mileage Totals (1984 - 2002).



Incients and Telomnic Records 1998 2001

NRC No. I ien D Ote hore?. h T l Riiptre Length Oescrptlon of Incdent
418580 19980105 No OTHER 201N NATURAL GAS PIPELINE/ UNE WAS RUPTURED WHEN A CONTRACTOR STRUCK FT WITH A GRADERNONE 19980108 No RUPTURE 0.35 No telepho record

19t0109 Yes ULEAK NIA. offshore
19980111 Yes LEAK N/A, offshore

419522 19980113 No UPTURE 85 TRANSMISSION LINE PIPEIRUPTURED DU TO U01NOWN CAUSES
420106 19980116 No - OTHER NATURAL GAS COMPRESSOR I COMPRESSOR CAUGHT FIRE
420030 19980116 No IRUPTUR 20 INCH NATURAL GAS TRANSMISSION PIPEUNE i CAUSE OF RELEASE UNKNOWN ATTIME OF REPORT
420718 19980121 No RUPTURE 15 6 INCH NATURAL GAS TRANSMISSION UNE/ LINE STRUCK BY HOWARD COUNTY ROAD DEPT. VEHICLE

. 19980126 Yes RUPTURE 6 NJA. offshore
19980126 Yes LEAK OA, otffol

NATURAL GAS TRANSMISSION UHE I GAS IS BEING RELESED FROM THE PIPELINE AND BURNING I CAUSE OF RELEASE IS
42143? 19980127 No RUPTURE 92 UNKNOWN

19980130 Yes OTHER S NA. offshoe
424160 19980207 No LEAK _ _ __ AS -H1!AT!RXPLODED.CORR0SION RELATED PROBLEM
425454 19980220 No LEAK SUBTEARANEn20 ION NT-URAL GAS PIPELINE LEAK/ UNKNOWN CAUSE
425942 19980225 No OTHER 20 INCH PIPELINE /THE LINE RUPTURED
426217 1t992 - -No LEAK __ 24 INCH NATURAL GAS PIPELINE (TRANSMISSION UNE) I UNKNOWN._.DEVELOPEDA LEAK

42U483 19980301 No LEAK EXPLOSION AT MLNP FIRST AND INGRIA STREETS IMAY BE NATURAL GAS RELATEDCOMPANY IS STIU INVESTIGATING
CAR DROVE OVER 2' FEEDOFF LINE TO DISTRIBUTION SYSTEM: REGULATOR VALVE BROKEN OPEN RELEASING ASWHIC

427286 19980307 No OTHER 0 IGNIED, SETTING CAR AFIRE.
427385 19980308 No OTHER 8 INCH METER STATION / UGHTNING STRUCK METER

19980320 Yes LEAK NM, offshore
429154 19980320 No LEAK 0 NATURAL GAS PIPEUINE (TRANSMISSION UNE) IA CONTRACTOR STRUCK AND RUPTURED PIPELINE
NONE 19980324 No LEAK _elphonlos

199eo327 Yes RUPTURE 13 N/ offshore
19980328 Vs. LEUK .N/ hors

430284 19980329 No RUPTURE 159 FIRE WAS DISCOVERED BY LOCAL POLICE ALONG PIPUNE AREA ICAUSE OF AREAKIS STILL UNKNOW
430957 19980402 No LEAK .__ RE 26 PIPELNE/CAUSE: POSSIBLE CORROSION TO THE PIPELINE CAUSE THE RELEASE

IOIN BELOW GROUND NATURAL GAS PIPE/UNKNOWN CAUSE/ TRANSMISSION LINE INTERSTATE PIPEUNI COMPANY __NE430914 10980402 No RUPTURE 8 NAME 2-AD
12 IN TRANSMISSION PIPELINE I LEAK UNDERWATER IN INTERCOASTAL WATERWAY (Note: Althuh I eppeam from the telephonic

43176 1980408 No LEAK recd that tIs Indent Is assoclated with an off-shore (1te " lek, te Incdent data IIee N Is not.)431743 19900408 No RUPTURE 18 15 INCH NATURAL GAS TRANSMISSION PIPELINE / LINE FAILURE CAUSED RUPTURE
432039 19900410 No LEAK 4 INCH NATURAL GAS TRANSMISSION UNE / CAUSE UNKNOWN

NATURAL GAS PIPELINE (SIZE & TYPE UNKNOWN) I UNKNOWN_..AN OVERFLIGHT OBSERVED WHAT APPEARED TO BE A433207 19980420 No LEAK LEAKING PIPELINE
2 PIPES (TYPE UNKNOWN)/ LANDSLIDE CAUSED PIPES TO RUPTURE (Nte There Is only one Indent Dsted for this date In the
IndCdent ta rpot HoWr, t teepho Iddent notfction pot abo hasa tng for NRC r 43355 (sa ty s NRC no.
433654). NM 433655 so pertans toa pie ntWm due to a landslIte on ft me date ILb , per ft telephonic recoads: No. 433655.433654 19980422 No RUPTURE 700 PIPELINE i LANDSUDE CAUSED PIPE TO RUPTUREI. Thu. It appears that no. 433855 Is not associated with a natural s pipel.)

19980504 Yes LEAK NIA. offshor
19980505 Ye LEAK NA. offshore

435589 19960506 No RUPTURE 3 30 INCH UNDERGROUND TRANSMISSION UNE I RUPTURED DUE TO UNKNOWN CAUSES
22 INCH STEEL PIPELINE ILEAK IN PIPELINE DUE TO UNKNOWN CAIUSES RELEASED NAkTURAL GAS TO THE ATMOSPHERE435"8 1980508 No LEAK LNE. TRANSMSSN LINE

19980511 Yes __ __ ______ N/ ofshore
22 INCH TRANSMISSION UNEI WHLEREPAIRINGARIELEASEANIGNITIONOCCURREDRESULTINGINANINJURYTOAN

43662 1998012 No OTHER EMPLOYEE _ _E__
- 19980510 Ye LEAK . _ OShofshoe _

I
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Inld.t andTeol bmloRecords 1995- 2001

NRO No. I In a IOffshore IInckenyrM MpueLnh I 9epr niet
IYes _ILEAK I___IY oafsho

- a.,n. .n... ..... .rn..a..ne~s .. r~nrOlivat MOn.f.sqa *ientfltt P.n. AI-uh0rInIfIrnfltIAIn IWflfli *5 CYO*I fl@If
437627 19980519 I NO I OTHER

IRUUTYUL"WWRIU gIru%";MIaavUI la MUIFJflIU MI~nlmm1flfi FI~I Il ,flrl .. m~-.

POCU .OWECD BYAPFIRE
43900 19980530 I No I RUPTURE I 30-
439772 19980502 No OTHER I

AiAUbft I
L GAS PIF PROPER VALVE SEQUEN CE CAUSED A RELEASE OF NATURAL GAS

19950^0 No I OTHER Ir toecnio roo__1
M. I FAK fN IIwWI 0WV-4.

I C __ __ __ _ __ __ I 1_Yes I LEA - .- NM shore
_ No OTHER . NotWehac.

-_
-_

l10Ctf7fA M. IFAK I INo t.nIhmlpe rewli
1998707 No LEAK No tebphonic record
19960707 No OTHER te F0o0cod
10980711 No OTHER No hon_
19980715 NO LEAK Not record
19980715 NO OTHER Note? honrcecord
18990717 No LEAK Nte 1phonrcord
1998717 No LEAK No honiecd
19980721 No OTHER No record
1990723 LEAK No tel record
19080723 YVs LEAK NWA, offshore
19980723 Yes LEAK NIA, offsho
19980727 No OTHER No telephoic record
1998082 No LEAK to nicrect
19980802 No LEAK No Idl Imh record
19980890 No OTHER No telephonic record
199808 No LEAK No lelei orecord
19980814 No OTHER No tehpho t red
199w818 No OTHER Notehonicreord
19980825 No OTHER 0 Nolehonlc recordn
19980825 Yes LEAK N/A. offshore
1998028 No LEAK No t reord
19980828 No RUPTURE No telephomcreword
199803 No RUPTURE 20 No feyhonil record
19980906 No RUPTURE 15 No telephon record
19980917 Yes I LEAK NIA. ofshore
19980920 Yes LEAK N fshore
19980923 Yes LEAK WA,
1998092 No LEAK No I hoohk rcd
19980929 No OTHER No telphwrk NOW
19980v92 Yes OTHER WA otfsho -
19980930 7iis LEAK WA. vtish
19981002 Yes OTHER W& ofshoe
1998100 No RUPTURE Notv c reord
19981006 Yes LEAK WA. fh
PVMtOW8 No LEAK I_ NelptMIoc rococ

19951012 No I
- 19981012 No RI

19981026 No I
- 19981029 No RI

No I11 Rl

IN TtwOOrllo IUcoIU
r.4-;r 10 INo telephonic reor

,No te? ehonic reordI 55 INoteephonrc recordNo .ecord
.. smbmm tmmemw

I ATrACKMWZT.3 LP J-b I f
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Inidente end TVephoni Recod 19 9 2001

NRC No. Inident Detw Offshore? Inident Typ. Rupture Lonith Desurption of Inciden
1991123 No LEAK N_ otehonlneod
19981130 Yos LEAK WA.=ofhore
19981202 No OTHER . Notel record
19981206 NO RUPTURE 80 No telephon reord
19981207 No RUPTURE 33 No telephoncreor
19981210 No RUPTURE 1 No telephonic recoad
19981210 No OTHER Noehoc record
19981213 No RUPTURE I Notelephoitecor
19981216 No OTHER .Notelephonrcod
19931217 No RUPTURE 29 Notelphork record
19981221 No LEAK No ________ __469888 19990102 No RUPTURE 22INCHPIPEUNEITHEMATERALRELEASEDDUETOANUNKNOWNFAILURE ONTHELUNE

469420 19990103 NO OTHER 8 INCH TRANSMISSION PIPEUNE I UNKNOWN
NONE 99 113 No LEAK Note_____ ____
NONE 19990117 No LEAK __ _ _ _No_ _ _ _ _ _ ___ _ _ _ _ _

19990t17 Yes LEAK 0 WA offshore

471924 1990125 No LEAK _ _ 20 IPCH GAS PIPELINE I CORROSION OF UNE (Note: vckde eren tfouh ;ydf"ers betwen the Ircident end telephone ecords)
472364 19990130 No LEAK 0 22 INOC STEEL BELOW GROUNDTRANSMISSION PIPELINE _ COUPLING ED

INSDE PLUMBING OF BUILDINGIPLUMBING CONTRACTOR TURNED GAS VALVE ON TO PURGE PLUMBING LINES CAUSING
472803 19990202 No OTHER EXPLOSION WHEN PLUGGING IN WATER HEATERS

OPERATOR 10 19136 / 20 INCH TRANSMISSION PIPEUNE / THE CAUSE HAS NOT YET BEEN DETERMINED / THERE WAS NO FIRE
472633 19990202 No RUPTURE 0 OR EXPLOSION
4749 19990224 No LEAK COMPRESSOR STATION I FAILURE Of COMPRESSOR ENGINE GAS RELEASE AND FIRE 124 INCH PIPELINE
475Z72 199902 No RUPTURE 26INCH NATURAL GAS TRANSINSSION PIPEUNE / FAILURE DUE TO UNKNOWN CAUSE

18 INCH NIATURAL GAS TRANSMISSION PIPEUINE I DOT REGULATED I NO SERVICESAFFECTED I FLANGE GASKET ON UINE
475494 19990 No LEAK LUAKED
475747 19990303 NO L BEIOW GROUND 361NTRANSMISSION PIPELINE/UNKNOWN DOT REGULATED PIPELINE
476123 1990307 No RUPTURE 165 12 iNCH TRANSMISSION UNE RUPTURED AND EXPLODED

19990323 Yes LEAK WA.offsho __

3 INCH TRANSMISSION NATURAL GAS PIPELINE I THE LINE WAS STRUCK BY A 3RDPARTY CONTRACTOR I THERE WAS NO FIRE
483495 1999052 No OTHER ._ OR EXPLOSION

NONE 19990513 No LEAK No fel id
19990520 Yes LEAK NA. offs"

485403 19990528 No RUPTURE 2 INCH TRANSMSSION NE I CAUSE.UNKNOWN I UNE IS REGULAYED BY THE DOT
SOURCE UNKNOWWN IGNmON AT PIPELINE STATIO1N UNDER INVESTIGATION UNKNOWN SIZE OF UNE/STATION IGNmON/NO

487294 19090613 No RUPTURE 10 INJlURtESINO BUILDINGS DAMAGED
NATURAL GAS PIPELINE /NGPL30INCH GULF COAST UNE RUPTURED CAUSING FIREUNDERGRQUND TRANSMISSION UNE T

490644 19990710 No RUPTURE 35 DOT REGULATED LINE
METER STATION EQUIPMENT FAIWRE RESULTED IN A BUILDING EXPLOSIONIALSO A PIPELINE IS RUPTURED INCIDENTS ARE

491788 19990718 No OTHER POSS1BLY RELATED
494776 1999081 No RUPTURE 4 12 INCH NATURAL GAS PIPELINE UCAUE UNK/ RELEASED NATURAL GAS INTO ATMOSPHERE
495259 19990814 No OTHER PURGING 20 INCH PIPELINE I LINE RUPTURED IN TWO PLACES DURING PURGING LINE IS DOT REGULATED
495123 19990815 No LEAK 8 INCH PIPEUNEIDREDGING OPERATION
496056 19990816 No LEAK . ABOVE GROUND 21N PIPING WITHIN PLANT/POSSIBLY DUE TO CRACK IN WELD

49023 19990t23 No RUPTURE 43 1tH BELOW GROND PIPELINE I CAUSE OF RELEASE IS UNDETERMINED TRANSMISSION LINE I NO SERVICE INTERRUPrED
NOE 1999828 NO LEAK No____ ltellephonic record

DOT REGULATED TRANSMISSION PIPEUNE I RELEASE FROM A 6 INCH BLOW OFFl 6 INCH UNE COMES OFF A 26 INCH LINE B
497288 19990901 No OTHER ABOVE GROUND PIPELINE
497979 19990908 Ye LEAK I _ N/A offshore

tellt
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Inddent end TeleptMW Records 19 - 2001

NRC No. Irmident Date Offsho.e? Inlda Typ naih Dci d Rodent
THERE IS A RUPTURE IN A 24 INCH PIPELINE/ CAUSE OF THE RUPTURE IS UNKNOWN/ GAS IGNITED AS A RESULT Or THE

49467 19990912 No RUPTURE 25 RUPTIRUJ DOT REGULATED LINE
6 INCH GAS TRANSMISSION UNE / LINE HIT BY FARMING EQUIPMENT / RELEASEDNATURAL AS INTO ATMOSPHERE 'DOT REG

499554 19990913 No RUPTURE LINE NO. 20007

49923 19990920 No RUPTURE I SEMI TRUCK ROLLED INTO NATURAL GAS FACILITY AND BROKE A SMALL PIPELINE SIZE OF PIPE UNK / NO FREINO INJURIES
1999093 Yes LEAK _ _ aflshwr

26 INCH NATURAL GAS PIPELINE RUPTURE/ REASON FOR RUPTURE IS UNKNOWN/ THIS IS A DOT REGULATED TRANSMISSION
499904 19903 No RUPTURE 29 LINE

1p990925 Yes LEAK MA. ofshore
601339 19991005 No OTHER 8 INCH STEEL TRANSMISSION GAS PIPEUNE/ DOT REGULATED/CONTRACTOR STRUCK WITH BACKHOE
505595 19991016 Yes LEAK NA o

19991026 Yes LEAK NWA, oafshor
503884 19991027 No LEAK 24INCH NATURAL GAS PIPEUNE(GATHE ING LINE) / UNKNOWN ... UNE WAS DISCOVERED LEAKING
NONE 19991103 No OTHER No elelIphonlro
605133 19991109 No RUPTURE 24 INCH BELOW GROUND PIPELINE I RELEASE OCCURRED DUE TO UNKNOWN CAUSES
507411 9 I91111 No LEAK A 12 INCH PIPELINE WAS RUPTURED BY A THIRD PARTY

10 INCH TRANSMISSION NATURAL GAS PIPELINE I THE LINE WAS STRUCK BY A 3fAD PARTY CAUSING THE LINE TO BLOW OUTr
0595 19991111 No RUPTURE 6 TWO EMPLOYEES ARE MISSING

8 INCH TRANSMISSION NATURAL GAS PIPELINE I A BULLDOZER GOUGED THE UNE CAUSING A RELEASE / THERE WAS NO FIRE
505500 19991111 No OTHER OR EXPLOSION
NONE 19991113 No LEAK No telephonic -ecd

_ .5 INCH TRANSMISSION NATURAL GAS PIPEUNE I THE LINE WAS STRUCK BY A CONTRACTOR CAUSING A RELEASE /A FIRE
500083 19991117 No LEAK RESULTED
508039 1 999 124 No OTHER _ olel

_ INCH.TRANSMISSION NATURAL GAS PIPELINE I A LEAK IN A VENT UNDER A HIGHWAY WAS DISCOVERED /THE CAUSE HAS
5890 19991209 No LEAK NOT BEEN DETERMINED
508805 19991210 No OTHER 12 INCH PIPELINE /THE MATERIAL RELEASED DURING MAINTENANCE WORK

NATURAL GAS PIPELINE I/3RD PARTY CONITRACTOR STRUCK LINE WITH BACKHOE I TRANSMISSION UINE I DOT REG. LINE
509409 19991216 No RUPTURE 0.25 eN Same state h iddant and teephoereords but dieret conaerate to hcude)

1.o INCH NATURAL GAS TRANSMISSION PIPELINE/A THIRD PARTY STRUCK THE LINE CAUSING A RELEASE ITHERE WAS NO
809538 19991220 No LEAK 0 FIRE OR EXPLOSION

BELOW GROUND 421N DOT REGULATED PIPELINE/PIPELINE WAS DUG UP TO REPAIR ND IT WAS DISCOVERED THAT PIPELINE
515184 19991222 No LEAK NEEDS TO BE BLOWN DOWN PRIOR TO REP
515860 19991231 Yes LEAK _NIA oth
515947 20000101 No LEAK 0 UNKNOWN UNDERGROUND PIPELINE BREAK

THE MATERIAL RELEASED OUT OF A 20 INCH NATURAL GAS PIPEUNE DUE TO THIRY DAMAGE. THERE WAS NO FIRE OR
518605 20000111 No OTHER EXPLOSION
517700 20000124 No OTHER PRESSURE STATION CAME OFF LINE WHICH CAUSED A VALVE TO RELEASE NATURAL E TO HIGH PRESSURE
517943 20000127 No RUPTURE 2 20 INCH GAS UNE RUPTURED
518022 20000127 No RUPTURE 770000 2 INCH NATURALGAS PIPEEUNE / UNE BLEW OUT CAUSING RELEASE
515173 20000129 No RUPTURE 50 NATURAL GAS PIPELINE RUPTURE OCCURRED

_ CALLER STATED THAT THERE HAS BEEN A RELEASE A 24 INCH TRANSMISSION LINEO UNKNOWN CAUSES (Not: teephonic
513468 20000201 No RUPTURE 5 record for 2V22000)*
518475 20000202_ No RUPTURE 40 10 INCH TRANSMISSION PIPELINE / UNE RUPTURED FOR UNKNOWN REASONS
518851 20000205 No LEAK _RANSMISSION PIPELINE RUPTURE

ruLJ felA I CO OrTepTLJTATTY ,e.,.OtUK] MnITrX * i tlSl.t I ut .Ir ~ Asl an SYNCC .d. .aa .. .. . .

I1tM7A I fIflPI Un I I | A DaAMfItm@W WeIU £ fESR %7=l daLwitnft
IS N I NU IA HF [FRMATFRIASFIi Rpll fl I T;A A -'AII A I fmM£ cuuu i~ EMC .0'z

20 1 ;8j 4 [ NO 1 OTHER 1 _ __ INCHHIGHPRESSURESTEELPIPELNE/PIPELINEDAMAGEDBY3RDPARI
1. I

.1pe4

ATTAMEW --- M- ii
I--,.7 -C r

1,



Incidets and Telephonic Records 1998 2001

NRC No.
520905

Il No? Iniddent Type I Rupture Len.gth
o LEAK I _ _

DOWc
A 241

kdent
ETO UNKNOWN CAUSES AT THIS TIMEULNE DEVELOPED 0

WA-TURAL GAS PIPELINE RUPTUREDODUETO UNKNOWN CAUSES. (Nate: In thetelephonIcrecords. NRr-no. 52080615 also InclOSIS
to hav occuredA hi th sam stt Ma NRC no. 520825 and on the sme dae gLe.. per the ephtonkc rod, no. 520506 b: 12 INCH
PIPEINE TRANSMISSION UNFI RUPTURE IN LINE DUE TO UNMWOWN CAUSES. However, hI the IndM repoh fthee Is orgy one
kitingforth st f Mlonthi date. Thus.Iappers tatno. 20 ob notaoaedwifth anatul spipele Therefore.thI Is

considered one Ibciet)620825 20000Z3 NoI RUPTUREJ 12
NONE
52126s_
52237_
52303_
523107_

623850

No OTHER
I 7 No RUPTURE 300

j No OTHER I
6I No LEAK I 0

NC
24

BE
Ut
t0
Pt
2O

THE LINE AND RELEASED THE MATERIAL
FOR UNKNOWN REASONS

20000316 No LEAK
2 No LEAK F00IOL= W MJ
-_A . _.

20000322 No
624202 20090327

__ ^v ^ ^.^ v^- S- - .s ^ -nT Mac024643- 2 MNot _.____-;_- ...LEAK 0 i I RUCKa nT A I RUEA CAUSINGU I HE nrlLCP.OO
_ -- ----- - - . .-

525947 20000424 Yes LEAK I
527237 20000426 Yes LEAK NLA olnhore
527789 20000502 No OTHER DUI ING GAS THAT WAS PRESENT IN THE AREA IGNITED
52256 20000507 No OTHER CALLER SAYS THERE WAS A FIRE NEAR A NATURAL GAS PIPELINE
NONE 20000513 No OTHER Notel record

529301 2000518 No OTHER 20 INCH KA PIPELNE STRUCK BY MINING COMPANY
NONE 20000e03 No LEAK No teleoii rexord
532311 20000614 No OTHER THIRD PARTY DAMAG£ ON 16 INCH GASLINE CAUSED RELEASE OF IATERIAUITRACTOR RIPPED HOLE IN LINE
532481 20000817 Ts LEAK WA. dfhox
532694 20000619 Yet LEAK N/ ofshor
633053 20000622 No RUPTURE 26 ao telep c rooord
633867 20000828 No RUPTURE 6 8 INCH PIPELINE TRANSMISSION' I UNKNOWN CAUSES

533922 20000829 Yes LEAK WA, oH share
534181 20000702 No LEAK 30 INCH NATURAL GAS PIPEUNE I CAUSE:UNKNOWN
534468 2000702 No RUPTURE 9 MATERIAL WAS RELEASED FROM A SIX INCH NATURAL GAS PIPELINE DUE TO UNKNOWN CAUSE.
534097 20000703 No RUPTURE 36 NATURAL GAS UNE HAS BROKEN VALVE AND IS RELEASING MATERIAL telephonic record dated 7/I100)
534U4 2000705 No RUPTURE 22 TUG BOW STRUCK GAS UNE CAUSING A RELEASE

20000705 Le LEAK WA, otfshome
634705 20000707 _No LEAK 1A FIRE AT A METER STATION CAUSED A RELEASE OF NATURAL GAS
534886 20000707 Yes LEAK N/A, offhore
NONE 20000715 No OTHER No teephonli record

635726 20000718 No OTHER LINE BLOCKAGE TO MAIN DISTRIBUTION UNE. CALLER BEUEVES A VALVE WAS LEFT SHUT
THE MATERIAL RELEASED OUT OF A l1IN NATURAL GAS PIPELINE DUE TO A THIRD PARTY PIECE OF CONSTRUCTION

536165 20000721 No OTHER EOUIPMENT STRIKIN THE LINE.
536096 20000721 Yes LEAK N/A.offhore
537404 200008o2 No RUPTURE 3 THE MATERIAL WAS RELEASING FROM Ala INCH STEEL PIPELINE DUE TO THE PIPELINE RUPTURING.
NONE 20000804 No LEAK Natloteaornicord
it.OMI SOAWM4A tI.k. I ICAl I010c II*= I CAIK

53917 :L
owwu *w rw r..

20um0015 _ .. I LEAK . -_ _s
L No UEAK I____ E CALLER STATED THAT A PIPE CAME OUT OF A C0OUPLING DUE TO THE UN638990 4J ru Mr-~O.upiu up

539215 i 2a0005ls Yes LEAK lNIA. ashm"
539219 d

I NNo LEAK _ _ 112 INCH -TRANSMI!
I 4e n.w. .. au

--- ----INE HAS A l
ul' 1 11539697 1

1,1 itc on Ie7IIUEI UC IU
ATUR1AL GAS I: Luf" IQ 16

9402&M
ea u s^ls« o-Q z v1n ne esnen ^SATenal^ r

200008 I No I
oUwW uriujrfUN ol IN MAIN4 upb U4rd "cWJtu MA I ttlAL Fi
NVMII ATgD AnD rmMVPRPM I WAKt
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Incidents and TeolphIon Records 1998- 2001

NRC No. InWdent Dole Offshore? Incident T Rupture Length es of Incide
540327 2000029_ NO LEAK _ THE CALLER STATED THAT A NATURAL GAS PIPELINE WAS RELEASING MATERIAL DUE TO CORROSION.

THE MATERIAL IS RELEASING DUE TO A PLANNED BLOWDOWN IN AN 8 INCH PIPELINE. THE BLOWDOWN HAD TO OCCUR TO
AVERT A RUPTURE. THIS IS AN EMERO (NoW. Although the dties ore not the sme In the Irmident and teophonIc reports convate

541917 20000912 No OTHER hckde)
543279 20000926 No RUPTURE THE MATERIAL RELEASED FROM A 12' GAS PIPELINE DUE TO UNKNOWN CAUSES.
43441_ 20000927 No LEAK THE MATERIAL RELEASED FROM A NATURAL GAS PIPELINE DUE TO UNKNOWN REASONS.

543746 20000929 No RUPTURE 83.5 THE MATERIAL WAS RELEASED FROM A RUPTURED 30 INCH PIPELINE DUE TO UNKNOWN CAUSES.
544293 20001003 No OTHER 2 NCH WKM GATE VALVE, SAFETY SEAL, THE BOLTS ON THE BONNET FAILED.
545019 20001012 No LEAK THE MATERIAL RELEASED OUT OF A 24 INCH PIPE UNE DUE TO AN UNDETERMINED CAUSE.
5467 20001028 No LEAK THE CALLER STATED THAT A PIPELINE VALVE IS RELEASING GAS. THE CAUSE IS UNKNOWN.
546628 2000030 Yes LEAK _ WA. offshore

THE CALLER STATED THAT A NATURAL GAS DISTRIBUTION SYSTEM HAS LOST SERVICE TO SOME CUSTOMERS. THE CAUSE
54089 20001113 No OTHER FOR THE SYSTEM FAILURE IS UNKNOWN.
548441 20001116 Yes LEAK NA, ofshore

619 20001118 No LEAK FIRE IN TOWN BOARDER STATION IN THE HEATER NATURAL GAS DISTRIBUTION CENTER

548759_ 20001120 No OTHER . THE MATERIAL RELEASED FROM A RELIEF VALVE ON AN EMERGENCY SHUTDOWN DEVICE DUE TO UNKNOWN CAUSES.

549015 20t123 No OTHER THE CALLER IS REPORTING A FIRE IN A COMPRESSOR BUILDING DUE TO UNKNOWN CAUSES. THERM WAS NO EXPLOSION.
549118 20001125 No LEAK LEAKINA22 INCH NATURAL GAS NE

THE CALLER STATED THAT A GAS UNE MAY HAVE A LEAK IN IT. AND THERE IS BUBBLE COMING FROM THE WATER (NOTE:
549288 20001127 No LEAK Sane sate I Iident ad wtehoric records mnsentve to Indcde)
N 20001128 No OTHER No telphoic record

549112 20001130 No RUPTURE 23 THE PIPELINE WAS DAMAGE DUE TO A THIRD PARTY. (POSSIBLY AN EMPLOYEE OR CONTRACTOR OF VALLEY TELEPHONE)
A 30 INCH TRANSMISSION LINE HAS RUPTURED DUE TOUNDETERMINED CAUSE CAUSING NATUiA GAS TO EA M

549479 20001204 No RUPTURE 28.25 THE LINE INTO THE ATMOSPHERE.
SO26S 2D001206 No LEAK THE MATERIAL IS LEAKING FROM A BALL VALVE DUE TO UNKNOWN CAUSES.
550S98 20001209 No RUPTURE 78 A NATURAL GAS PIPELINE RUPTURED. THE CAUSE IS UNKNOWN.
551181 2D001216 No RUPTURE EXPLOSION DUE UNKNOWN CAUSES AT AN UNDERGROUND STORAGE FACILITY
551911 20001220 NO NO DATA CALLER STATED SRP DUG INTO A 32 INCH GAS TRANSMISSION LINES THE SRP WAS GRADING FOR A STREET
552219 20001229 No RUPTURE 40 26 INCH NATURAL GAS PIPIUNE RUPTURED DUE TO UNKNOWN CAUSE
552464 20010103 No LEAK _A TACKHOE HIT A 18 INCH NATURAL GAS PIENT WHILE EXCAVATING FOR ANOTHER LINE
552627 20010104 No RUPTURE 120 THE CALLER REPORTS A RUPTURE OF A 22 INCH NATURAL GAS PIPELINE.

THE MATERIAL WAS RELEASED FROM A RUPTURED 18 INCH GAS LINE DUE TO UNKNOWN CAUSES. THE CAUSE FOR THE
552669 20010104 No LEAK RELEASE IS UNDER INVESTIGATION

THE CALLER STATED THAT A FRONT END LOADER WENT OFF THE ROAD AND HIT A 20 INCH HIGHT PRESSURE GAS UNE.
35e8 20010115 No OTHER PART OF AN ABOVE GROUND SPAN. GAS RELE

553737 20010118 No LEAK _ THE CALLER REPORTS A LEAKING NATURAL GAS PIPELINE POSSIBLY DUE TO SUSPECTED CORROSION.
553780 20010116 No OTHER RELEASE DUE TO AN UNKNOWN CAUSE
554695 20010125 No LEAK _ 6 INCH PIPEUNE FLOWUNE LINE DEVELOPED A PINHOLE leok DUE TO UNKNOWN CAUSES
555048 20010129 No LEAK THE CALLER STATED THAT A 12 INCH NATURAL (AS TRANSMISSION PIPELINE RUPTURED, THE CAUSE IS UNKNOWN.

20010203 Yes LEAK _A-._____ __
A THIRD PARTY CONTRACTOR STRUCK A UNDERGROUND a INCH NATURAL GAS TRANSMISSION UNE WITH A BACK HOE

555725 20010204 No RUPTURE 1 CAUSING NATURAL GS TO RELEASE FROM THE U
NONE 20010208 No LEAK _ __ o __ ___le ___o_ -

558117 20010228 Yes OTHER INIA, o__shore
-ITHI MATFRIAL WAR APrI PAitfl FmAil A 3101 PIJC fli EU Tf% A f2 A OLM-r C- ~.

Th

It
s899 1 2001o30 I No I LEAK 1tTHE ..-. RIL \S RELEASED FRO .M .. A ---PLInF nlJF TIrn :AX. e. _m.uml. .MR, onreru. CMOs in _io ._clen_

,,. eleohonlo renofW r onama velyv kuludIal
559149 1 20010310 I Yes I LEAK - A- Wf._hnm __ I _ '-' .. Lm _

NONE j 20010313 | No OK 1 No t ept-nrecord (NRte nons of the citIes norcnties match beene ndt nd ephonireols)
trrw-�

paeg 6
ATrAKMEWT.aC3 MM |

MCAL.NO. iv-a -.

I



Inddenta a Telephoni Records 109 - 2001

NRC No. Inckdent Date Offshomo Incident Type re h Deecr o Irdden-
BLOW DOWN VALVE AT A COMPRESSOR STATION DID NOT SHUT DUE TO EQUIPMENT PROBLEMS I COMPRESSOR STATION IS

5596 20010317 No OTHER PART OFAPIPELNE eNote: tel eord for3/1&2001
559917 20010319 No OTHER ae h record (Nob No mod NRC n. h the telephonic record for alven date)

NATURAL GAS WAS RELEASED FROM A TRANSMISSION PIPELINE, DUE TO A SCHEDULED GAS CAUGHT
56033 20010322 No OTHER MIRM

THE MATERIAL RELEASED OUT OF A 6 INCH STEEL TRANSMISSION PIPELINE DUE TO AN EXCAVATOR DAMAGING THE
561008 20010028 No RUPTURE 0.66 PIPELNE
NONE 20010329 No RUPTURE No to1 onlcord (Notb: one of the Taxas dtie ard/orcomniles match betwn the hidnt and btelhn rc1orf)
NONE 20010029 No LEAK No telephonic record (Note. none of the Texas etles eufdor counties match between the biddent anet teepcreport)
561310 20010330 No LEAK A PIPELINE LEAK WAS DETECTED BY A MOTORIST

THE CALLER IS REPORTING THAT THE SUSPECTED RESPONSIBLE PARTY TOOK THE COVER OFF A 10 INCH PIPELINE AND
661808 20010404 No OTHER PUNCTURED THE LINE WITH A DOZER BLADE

581796 20010404 No OTHER A CONTRACTOR HIT THE RESPONSIBLE PARTYS EIGHT INCH PIPELINE WITH A BULL DOZER CAUSING A RELEASE OF GAS.
561742 20010404 No OTHER RELIEF VALVE ON TRANSMISSION LINE RELEASED GAS DUE TO OVER PRESSURIZATION.
561893 20010405 No LEAK THE MATERIAL WAS RELEASED FROM A PIPELINE DUE TO A LEAK IN THE LINE FROM UNKNOWN CAUSES.
561915 20010405 NO OTHER No telephonic rAd (Note No mtching NRC no n Ithe let ic records for given date.)
562056 20010406 Yes LEAK MA. offshore
562463 20010407 No OTHER No honorecord Note No mati NRC no. in the telephonlic ecomds for gten date.)
563110 20010416 No LEAK THE MATERIAL IS LEAKING FROM A CRACKED 36 INCH UNDERGROUND TRANSMISSION PIPE.

564100 20010425 No OTHER RELEASE FROM THE LINE INTO THE ATMOSPHERE.
_ THE MATERIAL RELEASED ouT OF THE TWENTY FOUR INCH UNDERGROUND NATURAL GiAS PIPE DUE TO AN UNDETERMINED-

S54274 20010427 No LEAK CAUSE AT THIS TIME
_THE MATERIAL RELEASED OUT OF A 20 INCH PIPEUINE DUE TIO A VALVE FAILURE. (NoiW: D~es*Vtln Is associated with NRC rim

656e31 20010504 No RUPTURE 16 56501. It vs that th NRC no. of 5651 bled In the Incident be a
585794 20010511 No LEAK TRACTOR WITH DITCHING DEVICE STRUCK 12 INCH PIPEUNE
565922 20010513 Yes LEAK RA, ecbhom
56M30 20010521 No LEAK LEAK ON AN INTERSTATE AS PIPEUNE DUE PIPE DAMAG
667182 20010524 Yes LEAK NA oesho
567198 20010524 N RUPTURE THE CALLER STATED THAT COUNTY ROAD GRADER HIT A NATURAL GAS PIPEUNE AND CAUSED A LEAK.
583 20010613 No RUPTURE N h crem
569577 20010614 No LEAK No to red
NONE 20010616 No OTHER Notelehc

570128 20010619 No LEAK No tellphe record
570250 20010620 No LEAK N te ch an
NONE 20010630 No LEAK No 1eleptson1 record
572288 2001070B No OTHER t ic head
574018 20010723 No LEAK No _e_ _c

NONE 20010724 No OTHER No telephonic rco
NONE 20010725 No LEAK No rcord-
NONE 20010725 No OTHER
NONE 20010729 No LEAK No rlond

575297 20010803 No LEAK 0 teo record
675940 20010509 No LEAK No telphoric rtco
678119 2001011 No RUPTURE 19 Notel ehoneirecord
r76A520 I m1.6 No. LEmm.AK N ii* I_ .._ .5 as_ .. ,p WI - -- --
676787 20010814 No LEAK __ No______ _eord___I___Pi________
573077 1 20010815 I No I OTHER I IC
NONE 1 2DOflR20 INo IL AK I t 'we e 1,

-� J -- I I � I � __________________________________________________

pe7

I;

A1TACWWMk3,Vf.LrTJ,4M
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IncdeWns and Teeponic Records 1998- 2001

NRC No. Incident Date Offshore? Incident Typ Ruptr Lengftinck
677245 20010821 No RUPTURE N to record
677756 20010826 Yes LEAK N ofshore
577808 20010826 Yes LEAK A.
NONE 20010831 No LEAK Natal crowd
578944 20010903 No RUPTURE 10 Ou
579144 20010907 No RUPTURE I Ntelo h record
58000 20010917 No LEAK Noten c record
NONE 20010920 Yes LEAK 101ofshor
604993 20010921 No LEAK____ tee rowd
580834 20010925 No RUPTURE 9 Noa e" rCeco=d
582452 20011009 No LEAK telenirecod
NONE 20011012 No RUPTURE 4 Notele n crecod
883347 20011016 Na LEAK No record
513s16 20011018 Yes LEAK
584230 20011023 No OTHER No record
NONE 20011024 Yes LEAK NAeehfoe
NONE 200tt106 NO OTHER .

585264 20011106 No OTHER tledhorncod
685408 20011107 No OTHER telepon eo d
585912 20011113 No LEAK tephordc nbcord
586663 20011121 Yea LEAK WA. etish
587965 20011206 No LEAK No telephonicoid
587925 20011206 No LEAK telophonicoem
588102 20011207 No LEAK telephoni nd
588053 20011207 No RUPTURE 10 No tel record
585285 20011210 No OTHER telophonic nd
588431 20011212 No LEAKNofted recod
588473 20011212 Na RUPTURE No td n
5 8825 20011216 Nb RUPTURE 610 No tephOl I record

_ Notes: 1) For ionddckents (e.g.. 1998 throwh 5tMI m and vairos others). no NRC number is given in the incident date ieport
Therefore, a cor n d e city, county undrorstate formation between the Incident deta report end telephonic Incident notfation
records wans made to deternine the NRC number.

2) Abov ormation was compiled from the Oflice of Pipeline Safety webskIt httpi/ops.dot.gov - rom the Online Libroy - Accident
a Incident Date. Natural Gos TranribssIon Incident Date mid 1964 to 2001 and 1mm the OnIew Ibrary * Telephonic incident Notification.
-1995-8 & 1992001 Te k Incident Notiffeations.

3 Ru unitsameasumedto Infeet (o. -unitsam not Idcted Inthetansmdentdarep
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Attachment 4: Calculation of Distances Di and D2

1.0 PURPOSE AND OBJECTIVE

Calculate the exposure distance, D, which has two parts, the distance to the gas upper and
lower explosion limits (UEL and LEL), Di, and the safe separation distance, D2.

2.0 METHOD OF ANALYSIS

Employ the computer program ALOHA (Reference 6) to calculate the concentrations of
natural gas from a postulated gas release along a direct pathway to the NEF. Use the
model results to determine the distance to the upper and lower explosion limits (UEL and
LEL), which is DI. Then estimate the safe separation distance, D2 from an explosion
following Regulatory Guide 1.91 (Reference 3).

ALOHA was developed jointly by the U.S. Environmental Protection Agency (EPA) and
the National Oceanic Atmospheric Administration (NOAA). The program predicts the
rates at which chemical vapors may escape into the atmosphere from broken gas pipes,
leaking tanks, and evaporating puddles. It also predicts how the gas cloud disperses in
the atmosphere after an accidental release.

3.0 INPUT AND ASSUMPTIONS

The following assumptions were made relating to the dispersion and transport of the
pipeline gas:

* The gas released is methane, which is the major constituent of wet sour gas
(Attachment 5).

* The postulated gas release is a guillotine pipeline break such that the break hole size
equals the pipe diameter.

* The pipe is connected to an infinite source because there are no automatic shut-off
valves in the pipeline (Attachment 5).

* The gas release is 1 hour; the maximum expected time before emergency crews arrive
to shut off the source at a manual shut-off valve (Attachment 5).

* The pipe length is 200 times the pipe diameter, which is the minimum allowed by
ALOHA and considered to be very conservative.

* A delayed explosion from a drifting plume I hour after release is more severe than an
in-place explosion because the gas plume is closer to the plant.

* The atmosphere is stable, with minimal dispersion and effects due to elevation
change.
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* The distance from the gas release location to the plant is the "straight-line" distance,
which is the shortest distance between the source and the plant measured on a plain
surface that excludes intervening ground elevation changes and building surfaces.

• The TNT equivalent weight of an exploding material is represented by the SFPE
Handbook method (Reference 8).

4.0 ANALYSIS

The safety of structures from an explosion is evaluated by determining the safe separation
distance between the explosion and the structure. If there is sufficient separation such
that structural damage is minimized, then the structure is assumed safe.

The method used to establish the safe separation distance is from Regulatory Guide 1.91
(Reference 3), which is based on a level of peak positive incident overpressure,
conservatively chosen at I pound per square inch (psi), and TNT equivalent energy in the
form

R=45WI"3

where,

R = the safe separation distance in feet (ft), and

W = the TNT equivalent weight of the exploding material in pounds (Ibs).

To calculate the safe separation distance, therefore, requires the TNT equivalent of the
mass of methane volume released. For a continuous release such as postulated, this is the
mass of methane between its lower explosion limit (LEL) and upper explosion limits
(UEL) of 5 - 15 % by volume (Reference 8). Note that 5% by volume is equivalent to
50,000 parts per million (ppm) and 15 % by volume is equivalent to 150,000 ppm.
Theses values are used as input to ALOHA (see Tables A2 and Al, respectively).

4.1 Methane Explosion Release Mass

The mass of methane released in its explosion range is calculated by using the "Sustained
Release Rate" determined by ALOHA and the distance/time relationship to reach the
UEL and LEL such that

M = S (TLEL- Tun)

where,

M = mass of methane in pounds (Ibs)
S = sustained release rate in pounds per minute (lbs/min)
TuEL = time to reach the UEL in minutes (min)
Tin = time to reach the LEL in minutes (min)
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From ALOHA output Tables Al and A2, the Sustained Release Rate of methane at 50 psi
(i.e., the maximum gas pipeline pressure) is 5,820 lbs/min. The respective distances to the
UEL and LEL (referred to as the "LOC" on the printout) are 727 yards (2181 ft), and
1365 yards (4095 ft). At the ALOHA input wind speed of 1 meter/second (m/s), or 3.28
feet per second (ftls), the time to UEL and LEL is

TuEs = 2181 ft/ 3.2 fts /60 s/min = 11.08 O min, and

TOWE = 4095 ft / 3.28 ft/s 60 s/min = 20.81 min

Therefore,

M = 5,820 lbsJmin x (20.81 Inn - 11.08 min) = 56,629 lbs.

4.2 Methane Mass to Equivalent TNT

From the SFPE Handbook, Section 3, Chapter 16, Equations 12 and 13 (Reference 8), the
TNT equivalent weight can be expressed as

W -=a(Mc XMr)
4500

where,

Wxnf = TNT equivalent mass in kilograms (kg).
at = yield, which is the fraction of available combustion energy.
AHc = theoretical net heat of combustion in kilo-Joules per kilogram (kJ/kg).
Mf = mass of flammable vapor released in kg.

From Reference 4 (Attachment 6), Table A-2, AH, is conservatively chosen to be the
gross heat of combustion, which is 55.50 MJ/kg, or 55,500 kU/kg; Mf= 56,629 Ibs/ 2.2
lbs/kg = 25,740 kg; and from Reference 8 (Attachment 8), the blast yield, a, is assumed
to be 5%. Substituting,

O.05(55,500 .Kj( 5, 40kg)
W -,V5 =15,873 kg =34,921 lbs

4500

4.3 Safe Separation Distance

From above, the safe separation distance, R, is

R = 45 (3 4,9 2 1)I3 = 1,471 ft

This means that plant critical structures must be at least 1,471 ft from the point of
explosion.



Document No. 32-2400572-02
Natural Gas Pipeline Hazard Risk Determination Revision 2

Page 21 of 45

5.0 CONCLUSION

The value of DI is 4,095 ft (1,365 yards), which is shown in ALOHA output Table Al
and is the distance from the gas release point to the LEL. The value of D2 is 1,471 ft.
which is the safe separation distance.

6.0 COMPUTER PROGRAM BENCHMARK

Attachment 10 demonstrates that ALOHA, version 5.2.3, is correctly predicting results
on the installed computer, an IBM-compatible PC (ID#3W2BZ1) using Microsoft
Windows XP® Professional, Version 2002, operating system with a Pentium(R) 4
processor.
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Table Al
ALOHA Output, Methane UEL

Text Summary ALOHAP 5. 2.3

SITE DATA INFORMATION:
Location: RUNICK, NEw MEXICO
BuLldT g Air Exchanges Per Hours 0.50 (enclosed office)
Time: October 10, 2003 1042 hours tSDT (using computer's clock)

CHICAL IFORMATION:
Chemical IUnes METHME Mlecular Weight; 16.04 kg/lmol
TLV-TWA: -unavail- DULX: -unavail-
Footprint Level of Concerns 150000 ppm
Boiling Point: -258.680 F
Vapor Pressure at Ambient Temperature: greater than I atm
Anbient Saturation Concentration: 1,000.000 ppm or 100.0%

ATMOSPHERIC INFORMATION: (MANZL= INPUT OF DATA
Wind: 1 moetrs/sec from a at 10 meters
No Inversion Height
Stability Class: F (user override)
Air Temperatures 700 F
Relative Humiditys 5% Ground Roughneass open country
Cloud Cover. 0 tenths-

SOURCE STRENGTH INFORMATION:
Pipe Diameter: 16 inches Pipe Length: 267 feet
Pipe Temperatures 70e F Pipe Press: 50 lbs/sq in
Pipe Roughness: smooth Role Area: 201 sq in
Unbroken end of the pipe is connected to an infinite source
Release Durations ALOHA limited the duration to 1 hour
Max Computed Release Rate: 7,640 pounds/min
Iax Average Sustained Release Rate: 5.820 pounds/min

(averaged over a minute or more)
Total Amount Released: 34,P998 pounds

FOOTPRINT INFORQTION:
Dispersion Module: Gaussian
User-specified LOC: 150000 ppm.
Max Threat Zone for LOC: 727 yards
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Table A2
ALOHA Output, Methane LEL

Text SSumary

SITE DATA INFORMATION:
Location: EUNICE, NEW MEXICO
Building Air Exchanges Per Hour: 0.30 (enclosed office)
Time: October 10. 2003 1042 hours NOT (using computer's clock)

CHEMICAL INFORMATION:
Chemical Name: METHANE Molecular Weights 16.04 kg/kmol
TLV-TWA: -unavail- IDLB: -unavail-
Footprint Level of Concern: 50000 ppm
Boiling Point: -258.680 F
Vapor Pressure at Ambient Temperature: greater than I atm

* Ambient Saturation Concentration: 1,000,000 ppm or 100.0%

ATMOSPHERIC INFORMATION: (MANUAL INPUT OF DATA)
Wind: 1 meters/rec frem a at 10 meters
No inversion Height
Stability Class: F (user override)
Air Temperature: 700 P
Relative Humidity: 5% Ground Roughness: open country
Cloud Cover- 0 tenths

SOURCE STRENGTH INFORMATION:
I Fpe Diameter: L6 inches Pipe Length: 267 feet

Pipe Temperatures 70° F Pipe Press: 50 lbs/sq in
Pipe Roughness: smooth Bole Area: 201 sq in
Unbroken end of the pipe is connected to an infinite source
Release Duration: AWOHA limited the duration to 1 hour
Max Couputed Release Rate 7,640 pounds/min
Max Average Sustaino d Release Raters.e20 pounds/min

(averaged ever a minute or more)
Total Amount Released: 348,990 pounds

!FOOTgRnM NFrMPHTION:
Dispersion Module: Gaussian
User-specifiedf LOC: 50000 ppm.
Max Threat Zone for LOC. 1365 yardc

I
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Attachment 5: Gas Line Telephone Chronology

TELEPHONE CHRONOLOGY
REGULATORY COMPLIANCE PROGRAMS- MARLBOROUGH

Call With See Below Date See Below
Phone # See Below Time See Below
By J.H. Snooks PID
Subject LES-NM: Gas Lines

DISCUSSION:

6/30/2003 Reviewed gas line maps and was able to identify the closest gas line as the 16"
Fullerton Loop Line, which nearly parallel to NM Rte 234-Tx Rte 176. Called
"One Call" (800-321-2537) to get info on gas line owner. Dispatcher named three
companies: Trinity C02, Texaco, and Sid Richardson Energy Services. Requested
number for SR since gas maps were labeled as SR Called SR (505-395-2116), but
no one available.

7/1/2003 Called SR again, spoke w/ Royce, who gave me general info. The gas line is low
pressure (< 50 psi) and carries "wet sour gas," which is unprocessed, field gas from
the well being sent for processing. The gas line is buried to about 36", but could
vary more or less in sandy soil due to the wind. Royce said he would have someone
get back to me on characteristics of gas, e.g., percent methane, etc.

7/10/2003 Returned Royce Dunn's call. RD had additional info on gas line specs and gas
characteristics as follows: methane = 72%, ethane = 11%, propane = 7%, H2S =
695ppm (<1%). The gas line flow is between 200-500 thousand cubic feet per day.
It is 14-15 miles in length, with manual block valves at each end and in the middle.
There also has a check valve at the connection with the main service line located
near Eunice and Hwy 176. The likelihood of internal rupture is small because of
the low pressure (<50psi).

8/2003 Called "One Call" (800-321-2537) to place a pipeline location request for Sections
32 and 33. Used town ID# 838. One Call said there were three operators in area:
Sid Richardson, Trinity, and Texaco. Companies will call in 2-5 business days with
info. One Call confirmation number is 2003323641.

8/8/2003 Goose Armstrong from Sid Richardson responded to the One call inquiry to say
they had two pipelines in Sections 32 and 33, both running parallel to the southern
boarder along Rte 234/176. One is 14-inch line that is "idle," i.e., in active. The
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other is a 16-inch line carrying natural gas. [See 7/1 and 7/10 above for more
details.]

8/8/2003 Brent Washington from Conoco-Phillips (505-390-3425) returned my many calls to
various Conoco offices to get info on potential pipelines near Eunice. Brent said
there were no known lines, but that he would conduct a site walk down on 8/1 to
confirm.

8/11/2003 Brent Washington from Conoco-Phillips (505-390-3425) called to say he walked
the site and did not locate any Conoco-Phillips pipelines.

8/1312003 Lon Briley from Trinity Gas (442-661-0162) responded to the One Call inquiry and
said Trinity had one carbon dioxide line crossing Section 32. The line carries liquid
C02 at 2100 psi; the flow is about 15 MMcf per day. Briley said that there manual
shut offs about 2 miles north and south of the site and that it would take 45 min to 1
hr to close the values. There also is an electronic shut down system, but it would
still take about 45 min to 1 hr to shut off supply and "bleed the system." Altemate
contact is Barry Petty (who Ed Maher has spoken to.) His tele no is 432-683-8262.

9/4/2003 Called Royce Dunn at Sid Richardson (505-395-2116) to ask if SR had a DOT risk
report in case of a leak like Trinity C02 gas. RD didn't know of any; he said there
wouldn't be a fire or "blowout" explosion, like might occur in the C02 line because
SR gas line is low pressure. RD gave the web site of the state agency responsible
for oil sites: www.emnrd.state.nmn.us/ocdl.
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Attachment 6: Fire Protection Handbook

W-

Fire
Protection

i Handbook'

Seventeenth Edition

Arthur L Cote, PE.
-Editor-in-Cief

. Jim L Linville
Managing Editor

._. c * -..

(iJl National Fwre Protection Association
!5~PJA Quincy, Massachusetts

I.
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A-2 TABLES AND CHARTS
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Attachment 7: Seabrook Station UFSAR

5141R10 UPDMTED FMR

TALtE 2.2 -15

PUFF RMtAIC MLYST5 PAAM VAESS

I

Probability that a release will occur (PI)*

Probability Ignition will be delayed (P2)**

Probability of Ignition at a critical point (P5)

Probability of unacceptable damage per critical
Ignition for a dtflagration (P6)

Probability of a detonation occurring per critical
Ignition, for a detonation (P6')***

Site Temperature

Propane Kass Release

Flasbitg Fraction

Propane Puff Woight CM)

Propane Vapor density at 1047F (Pga)

Detonability Limits of Propane

0I spills/year

0.24 delaysd
ignitions per spill

1.0

1.0

0.28

104*F

2.35x10 lb.

0.47E

.1l12xlOS lb.

0.107 lb./ftS

3.0 - 6.8S
(Ref. 96)

. I

R Reference 70 gives an upper bound for boiler failures of 10- per year
and Reference 9S gives the failure rate for fixed location chlorine
tanks as I0-5 pdr year, excluding seismic evnts. A value of 201 per
year is conservatively assumed.

** Study of rail car spills (Reference 70) abovs that 76 percent of the
spills ignited within 100 ft of the release, hence, a value of 0.24
delayed ignitions per spill.

R* Reference 71 suggests a detonation rate giving ignition of 0.2t. which
Is considered conservative.

j)
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Attachment 8: SFPE Handbook of Fire Protection Engineering

SFPE Handbook of
Fire Protection Engineering

Second Edition

Editoril Staff

Philt 1. DiNcnno. P.E. Hughes Associates. Inc.
Cnig L Bcyler. PbDh) Hughes Assodates. Inc

ltichard L P. Custer. Custer Powell Inc.
W. Douglas Walton, P.E.. National Institute of Standards and Technolgy

John M. Watts, Jr. PhD. Ihe Fire SWtfy Institute
Douula Dqysdale, PhD., University of Edinrh -

John R. Hallr. Phr), National Fire Protection Association

j M1 Na l Fm P: tecto Association
w Quhqr,. Marscuns

Sodety of re ?nstectlon Engpnera
Unio n, Massachusets
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FLAMMABILITY LIMTS OF PREMIXED AND DIFFUSION FAMES 2-151
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EIF EXPLOSION PROTECTION 3-325

actual quenching of the advancig flaws front In large we-
olds. Some agents pmovide chemical inhibition effects (most
likely via fteeradicat scavenging) In addition to dlluent and
thermal bnefits but ibis chemical InhibitIon effectiveness
is both fuel dependentY and dependent on the advancing
iaame frnt Speed.'

Most of the suppression tast data suggest that the vaa -
u aents have comparable affectiveness for slow to mod-

S late eltions. but that anunonium phosphate (and to a
bsor extent potasstum bicarbonate) becomes decidedly

oe fctive for rapid dellagrations. However, Bastkncht
l concludes that none of these agents, as presently used In

ospprsslon systm, can suppress explosions in gases with
irc values exceeding 200 barmis. or In dusts with Ksrvahls
greatrthan 300 barmns.

Recent tests aNIST 0 in a shok tube generting higly
turbulent games and quadsdetonation de onst that
these high-challege explosios can be suppressed, pro-
sided (1) agent can be dispersed uniformly ahead of the
shock wave. and (21 gaseous agent concentrations ae

round 5 vol pe nt. e. about twice as hi as th Hln
1so volumctrc conc'entration used for mmoeconvntional.
less challonging. explosion suppression applications.

The choice tf agent must Involve ether considerations
besides suppression effectiveness s determined by ts
data. Other relevant considerations Include agent retention
time to Cope with repeated Ignitions gent compatibility
with process materials. environmental Impact reulations,
end potential toxicity effects at the agent design cencentran
lan. U.S. regulations that define acceptable and unaccept-
able suppression agents, from environmental and toxiidly
considerations, are descrlbed In ea glficnt new alterna
tive policy for ozone-deplting chemicals$"

General guidelines for the design. Installation. and
maIntenance of a reliable and effoctive loson suppres-
adon syst s can be found In the liteuature and i the

auals provided by system manufacturers. in addition.
system manufacturers and approval oersnizstions ha" e
walth of unpublished test and Incident data that are often
essentia in daveoping system sp as nd designs fr
Specific applicationL

VAPOR CLOUD EXPLOSIONS
Release of* large quantity of flammable ps or vapor

into the atmospbere vill result, at least tempoi~. in the
formation of a lmsnsle vapor cloud. ignition o vapor
coud may. under certain vaguely defined conditions.result
In suEcciently rapid lame propagation to generate destrac-
live verpressures and blast waves. Qualhtavely, the con-
itios required for a vapor cloud explosion ere 1II a large

qfianftyof detonation-prone gashapor and (2)eiherauhly
esetic Ignition source or a highly obstructed envkonment

supportive of turulencenduced flame accelerations
lMstoricalIyt3 all reported vapor cloud explosions

havwe Iinvdwed thne rease o at least tO0 kg eoflammabiegas.
with a quantity of 1000 to tOW0.0 kg b1n most common.
Ihe pes most often Involved have been ethylene. propane.

nd butane. According to Wlekomta conpilation of Ind-
deot data.32 all of the reported vapor cloud explosions have
, cmured in aesnlconflned envitonments such that build-
g or other lge structures wre withi the vapor cloud at
e lime et Ignition, Wielesdatta s~ugest that the pres-

cae etnluge buildin erstructurvewhln tihe coud Is a
ecessazy, but not suficdent, condition for an explodIon to

occur, since It least 15 of6 (22 percent) rerted Ignitions
in srameonfined environments resulted in lash f as op-
posed to explosions (37 other Ignitions did result In explo-
stonsi, Damage surveys indicatc that many of the vapor
cloud explosions were deflagrations rather than detona-
tion. On the other hand, analyses of pressuro waves gener-
ated from fgame propauation through vapor douds (eg.. Le
d J133 Indicate that a speeds of dt least 100 mis are
esmsary to 1pnrata potentialy destructive overprnssunus
grae than bot 0. atmL Thus, the most likl scenario Is
that flame speeds on the order ntae few hundrcd rns (corre-

to quadetenations) were generated in
ectui s * result ef lame acceeration aeound

buildings and structures.
The most commonly used method' to assess blast wave

efdcts from vapor doud explosions Is to employ Ideal (point
source) blast wave corrclations based On the bast wave en-
argy. Le. the TNT equivalent ener. This enery Is given by

E - elfem, ,121

whome
Jr E blast wave energy Mk)
a - yield. La.. the fraction of available combustion en-

erY partipating In blast wave generation
IW, e theoretical net heat of combustion (h/kg)
nr -rass ofelammable vapor released (W

The cornsponding 1NT equivalent rass. kg. Wrr Is

Win - Ei50O kg (131

Figure 3-16.14 Is the Ideal blast wave overpressure ver-
su dstance correlation used In conjunction with Equations
12an 13. DIstances in Figure 3-16.14 ae scaled by the cube
root of WTr In accordance with Ideal blast Wave theory.34
The overpressures In Figure 3-16.24 ae reffected shock
wave everpressure s aociated with elactions of the inci-
dent scwave off solid surface perpendicular to the
wave propagation direction Nominal building damage and
personnel injury thretsholds ar also Indicated In Figure
3-16.14 end In Table 3-I&S. More accurate and cornprehen-
stve amase ssessrsents should be based on actual tc-
tural dynamic loading calculations leading to Impulse-
overpressure damage thresholds as described. for example.
by Frckett and Davis. t7

Weforo Equations t2 and I3 can be used effectively,
some guidance Is needed on the selection of appropriate
values or the yield, a. Date compiled by Guganse and
Davenport3 on the effective yields from Spproximately 20
vapor doud explosions showed a spread o four orders of
magnitude, with the highest value In one particularly dev-
astint Incident being 25 to 50 pnt. Wierena's
compilstlons shows the effective yield io 'be About one per-
cent tor releasesof l,000 to lO0.000 kg vapor. and obe in the
range of t to 20 percent when sore than 10000 kg is re-
leased. The yield in the Fitxough explosion tone of the
most destructive and the most thoroughly Investigated and
reported vapor cloud explodon to date) Is 4 to S percent
based on the 30 te 40 metric tons of cyclohexane released
prior to Ignition. Thus, the specification ofyields for bist
damage prediction Is an exercise In risk assessment, with

Although the 7NI equivalency method IS p r orskt on In Xe
United Slats European oalen e otherm ehod&

I no=$
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Attachment 9: TVA PSAR, Hartsville Nuclear Plants

.I ~. . . . - .. ..- w

TVA

HARTSVILLE NUCLEAR PLANTS

DOCKE T NOS. STN-S0-5 18,519,520,521

PSAR AMENDMENT 30

6O# 002
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.2. 2. 1.5 g& Qispesine D~zrd

A qas pipeline Lstallation belaigiaq t.o the tdst Tenunesm-s'

Watural Gas Company (ETNCG) passes through the northern part of

the flartsvilte Site. As shown iA Figure 2.2-9 r the pipeline

crosses the site boundary near the northwest corner, enters a

compressor substation north-northeast of the plant, and leaves

the site at the northeast site boundary. Approximately 1.67

miles of pipe ilo within the eite boundary with a cloeent

approach of approximately 2,4SO feet to the nearest critical

plant structure.

An extensive investigation into the safety hazards Voted by

this pipeline has been conducted The, yearly probability of a

hazard to the plant was deterained In this investigation. Events

which could cause a hazard to the plant were identified in the

form of a hazard tree shown In rigure 2.2-10MT1. The hazards

from thermal radiation# blast overpressures missile generaeion,

and plant contamination by gas at an unaccepteble concentration

were &nalyzed to deterrine the probability of exceeding

acceptable levelo at the plant sIte. The yearly probability of

exceeding the acceptability criterLa (referred to as the hazard

probability) was calculated using *ophieticated analysis

tachniques. The analysis accountad Cor a broad range of

parameterm. such as leak location and size, time varying gas

cloud size. shape# end orientation relative to the plant,

aeteoroloqical conditions, and the time at which the gas cloud

Iqniteo-

nit was detervined that'the yearly probability of a hazard due

- to thermal radlitlon,, %Lae~l* gener ton# and plant contaF~Alition

-. ;227-l

_L
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: by las at an unacceptable concentration is negligible. it was

also determined that the best estimate of the yeaity probability

of a peak reflectel overpressure of 2.4 psi at tha plant due to a
67

qao cloud detonation was 0.16 s 1v *, assuming that unconfined |

natural qaj can detonate. (There Is some doubt that uncontined

natural gas can detonate. See section 2.2.3.0.6.3.3(3) for 1i,

further discussion. if unconfined naLUral gas cannot detonate,

then the probability of a 2.4-psi peak zeflected overiressura is f17
sero.,

2.2.3.4.1 gu2ifilo PuErAPi1Q A natural gas pipeline

installation belonging to the East Tennessee Natural Gaso ETMG |7

Company passes through the northern part of the Hartsville site.

The pipeline was constructed In the early 19S0's and in part of a

network consisting of approximately 1000 miles of hajor pipelines

operated by XTNG. W7

The buried pipeline follows the terraln along its route. It

crosses the northwest plant perimeter at an elevation of

approximately 520 feot and rapidly rises to an elevation of

800 feet. it io nearly 200 feet in elevation above reactor

buildinq grade at Its point ot closest approach to a critical

plant structuro (diesel building for plant A, Unit 2).

The pipe ban An outside diameter of 22 inches and is operated

at A maxim=u pressure of 720 pulg at the compressor station. The

averaqe operating pressure at the point of closest approach Is

approximately 560 psig. The pipeline contains automatic

isolation valves. The nearest ones to th plIant art located

030676

* **------- -*- -
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The minimum clearance for all conditions was found to be 275

feet. This occurs for break point 12, stability class G, and a

wind speed of 7.5 miles per hour.

The minimum clearance for a given break point and stability class

is relatively insensitive to wind speed. This is evident by

compariuion of the data within each column of Table 2.2-1(T).

The time at which the minimum clearance condition occurs varies

considerably with wind speed.

The results described above are based on the expected plume

rise for each break point, stability class, wind speed, and time.

An analysis war also performed to determine the impact of

assuming worst-case estimates for Flume rise equation variables,

using the minimum clearance conditions (break point 12, stability

class G, 7.5 mph, 750 seconds). A worst-case clearance of 60

feet was obtained in the-ianalysis, which 1* described in the

f ollX ing paragraphs.

The result.-in Table 2.2-1(T) are calculated using the

nominal plume rise coefficients given by Briggs (Reference 10).

a maxiuma variation due to random factors of about 25 to 35

percent above or below the nominal rise can be expected. A

worst-case coefficient of sxty-five percent of the nominal was

therefore establiuhed as a lower bound on the plume rise due to

random variations.

The gas temperature after expansion in the atmosphere may be

less thin the surrounding air, as discussed in Section

2.2.3.4.4.1. This temperature differential is expected to be not

greater than 500 P. One hundred degrees Fahrenheit was

establbuhed as a conservative bound on the temperature

2.2-22 030676
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differential for the worst-case. This differential reduces plume

rise uniformly by approximately twelve percent.

The clearances In Table 2.2-1 (T) are based on a vertical

temperature gradient of 7 degrees Ccn;igrade per 100 meters for

Stability Class G. The worst-case temperature gradient expected

at the site is 10 degrees Centigrade per 100 meters. Use of this

value results in plume rises approximately 90 percent less than

those.on which Table 2.2-1 T) is based.

when all of the above factors were combined, a worst-case

plume rise reduction of approximately 50 percent was obtained.

The corresponding worst-case clearance to the air intakes i 60

feet.

This demonstrated that the probability of a hazard due to gas

contamination is essentially zero, since gas at flammable

conceAtrations did not approach the plant air intakes under

worst-Case conditions.

2.2.3.4.6.2 Heat Exosgure lazard

The probability of a hazard at the plant due to heat exposure

was found to be negligible under worst-case conditions. a
Mazxiuznheat flux of 200 JDTu.ftx was obtained in the analysis.

This may be compared with a flux of approximately 1,750 BTU/ftz

'required for spontaneous ignition of wood (Reference 18). Since

* all of the critical plant surfaces exposed to the heat radiated

*from a.burning cloud are concrete, the maximum flux is well below

that Which would cause any damage.

The largest gas cloud flammable regions and lowest plumd

rises occur for low wind speeds under stable atmospheric (class

GI conditions. Theme conditions also give rise to the highest

heat fluxes. For a given break point and wind speed, the heat

..

. .*

it

,.I

2;2-221
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flux increases with ignition time until the gas cloud recedes

away from the plant. Analysis of the heat fluxes from various

pipe segments revealed that the maximum flux resulted from a

rupture in segment 14 (see Figure 2.-166(T), which has the

lowest elevation. This condition occurred for a wind speed of

0.6 miles per. hour and an ignition time of approximately 100

minutes after the start of gas release.

The maximum heat flux is based on the nominal Flume riso for

Stability Class G. If a worst-case reduction factor of

50 percent is applied to the nominal plume rise, as in the case

of the gas contamination hazard (Section 2.2.3.4.6.1), the

maximum heat flux Is less than 800 Btu/ftt. Thus, the worst-case

heat flux -L well below the flux which can cause damage to

critical plant structures.

2.2.314.66.3 LStopation Hazar!N The detonation hazard was

determined by calculating the yeajrly probaiity of exceeding the

structural capabilities of the safety-related structures at the

plant by. air blasts or missile impacts. Plant structural

capabilities given in the response to Question 130.22 were used

in these analyses. These established that a conservative value

for the most vulnerable safety-reiated structure was 2.4 psi peak

reflected pressure. Combinations of various rupture locations

(break points) meteorological conditions. and detonation times

were. evaluated in the estimation of hazard probability.

.2.2-32m
030676
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Attachment 10: ALOHA Benchmarklng Test Case

1.0 OBJECTIVE

Verify that ALOHA 5.2.3 version is correctly predicting results on the installed
computer, an IBM-compatible PC (JD#3W2BZl) using Microsoft Windows XPO
Professional, Version 2002, operating system with a Pentium(R) 4 processor.

2.0 TESTING METHOD AND ACCEPTANCE CRITERION

Select an example test case from the ALOHA User's Manual as a benchmark. Enter the
test case input data on the installed computer and then compare the example and installed
computer results. The values should be identical.

3.0 RESULTS

User's Manual Example 3: A Pipe Source was chosen as the benchmark test case to
compare results because it is very similar to the postulated scenario being evaluated in
this calculation. Example 3 input data, as shown on user's manual pages 143 through
149, was entered into the installed computer, with one exception: the internal computer
clock was used instead of the example date and time to distinguish the two printed
results.

Copies of both the 'Footprint Plot" and 'Text Summary" from the user's manual (page
40 in this calculation) and the installed computer output (pages 41 and 42 in this
calculation) are attached. As shown, the plots are identical and the predicted numerical
values on the text summaries are virtually identical. The only variations are in the "Total
Amount Released," where the Example 3 value is 84,565 pounds vs. 84,564 pounds for
the installed version and the user's manual text summary includes a default LOC (i.e.,
from library: 50000 ppm). These difference are considered insignificant.

4.0 CONCLUSION

The installed ALOHA 5.2.3 version is correctly predicting results as designed.
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S Choose Footprint from the Display menu.

ALOHA predicts that the concentration of methane may exceed 5,000 ppm for up to
about 190 yards downwind of the leaking pipe.

Ue~~ftpaWmkdou

IN ~ w

Your Text Sumrnary should now look lie the one below.
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ALOEM 5.2 .3 fFootprint Window

Time: December 5. 2003 0822 hours PST fusing computer. clock)

Chemical anme: KLHMANE

Winds 15 knots from SE at 3 meters

FOOTPRINT IMPFORJMTXON3
Dispersion Kodule: Gaussian
User-specified LOCLOC500 ppm
H= Threat Zone for LOC: 190 yards
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Text Summary .A* aA 5.2.3 +

SITE DATA iNORSMATION:
Locations PORTLAND. OROW
Building Air Exchanges Per Hour: 1.26 (sheltered single storied)
Time: December 5S 2003 0822 houra PST (using campnters elocX1

CHEMCAL INFOMMTIONs
Chemical Names METHANE Molecular Weightt 16.04.kg/kmol
TLV-TA: -unavail- IDL: -unavail-
Footprint Level of Cncoerns 5000 pp
Boiling Points -258698° F
Vapor Presaure at Ambient Temperatures greater than 1 atm
Ambient Saturation Concentration: 1.000,000 pp or 100.0%

ATMOSPHERIC INFORMATION: (MANUAL INPUT OF DATA)
Wind: 15 knots from SE at 3 meters
go Inversion Height
Stability Clauss D Air Temperatures 440 F
Relative Humidity: 78% Ground Roughnessa open country
Cloud Cover: 10 tenths

SOURCE STRENGTH ORMATON:
Pipe Diameter: 8 inches Pipe Length: 1000 feet
Pipe Temperature: (44 F Pipe Press: 100 lbs/sq in
Pipe Roughness: smooth Role Areas 50.3 sg in
Unbroken end of the pipe is connected to an Infinite source
Release DurationL ALOKA limited the duration to 1 hour
Max Computed Release Rate: 4,430 pounds/min
Max Average Sustained Release Rate: 1,430 poundsu/1n

Iaveraged over a minute or more)
Total Amount Released: 54,564 pounds

FOOTPRINT INFORMATIONs
Dispersion Modules Gaussian
User-specified LOC: 5000 ppm
ftx Threat Zone for LOC: 190 yards
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Attachment 11: Design Verification Checklist
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DESIGN VERIFICATION CHECKLIST
RAMATOME ANP

Document Identifier 3a&- a-4o-L Sa-on--

Tite P2ojecL io __

I. Were the inputs correctly selected aid incorporated into design or 19 Y E N 0 N/A
analysis?

2. Are assumptions necessary to perforrn the design or analysis activity Y 0 N 0 N/A
adequately described and reasonable? Where necessary, are the
assumptions identified for subsequent re-verifcations when the detailed
design activities are completed?

3. Are the appropriate quality and quality assurance requirements specified? II El N 0 N/A
Or, for documents prepared per FANP procedures, have the procedural
requirements been met?

4. If the design or analysis cites or Is required to cite requirements or Y 0 N E NWA
criteria based upon applicable codes, standards, specific regulatory
requirements, Including issue and addenda, are these properly identified,
and are the requirements/criteria for design or analysis met? .

5. Have applicable construction and operating experience been considered? UI Y 0 N N/A
6. Have the design interface requirements been satisfied? El Y Q NWA N/A
7. Was an appropriate design or analytical method used? w .Y O N O N/A
8. Is the output reasonable compared to inputs? Y El N E0 N/A
9. Are the specified parts, equipment and processes suitable for the 0 Y Ol N NIA

required application?
10. Are the specified materials compatible with each other and the design 0 Y 03 N W N NA

environmental conditions to which the material will be exposed?

11. Have adequate maintenance features and requirements been specified? 0 Y 0 N N/A

12. Are accessibility and other design provisions adequate for performance of 0 Y 0 N N/A
needed maintenance and repair?

13. Has adequate accessibility been provided to perform the in-service O Y 0 N NIA
inspection expected to be required during the plant life?

14. Has the design properly considered radiation exposure to the public and 0 Y 0 N NIA
plant personnel?

15. Are the acceptance criteria incorporated in the design documents 0 Y 0 N NI N/A
sufficient to allow verification that design requirements have been
satisfactorily accomplished?

16. Have adequate preoperatlonal and subsequent periodic test 0 Y O N W1N/A
requirements been appropriately specified? _ .

17. Are adequate handling, storage, cleaning and shipping requirements 0 Y 0 N NWA
.__ _ specified? -

18. Are adequate identification requirements specified? 0 Y V ... WOA N
19. Is the document prepared and being released under the FANP Quality Y 0 N 0 N/A

Assurance Program? If not, are requirements for record preparation
review, approval, retention, etc., adequately specified?
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1A DESIGN VERIFICATION CHECKLIST
-RAMATOME ANP

Comments:
1. Although Reg. Guide 1.91 (Ref. 3) does not address effects of airblasts associated w/pipelines, equation 1 of Reg. Guide
1.91 (RakW113). used in the determination of the exposure distance (Section 6.1.3 on p. 7 and Attachment 4), is based on the
concept of TNT equivalence and applicable to hydrocarbons under pressure.

2. The benchmarking test case for the ALOHA program (Attachment 10) meets the requirements of FANP procedure 402-01,
Section VII.C.

Note: Comments 1 and 2 are from the Design Verification Checklist attached to Revision 1 of this calculation.

Verified By. J.H. Snooks

%J Signature
1fuqkat

Date'~-irst, Ml, Last) Printed / Typed Name-irst, MI, Last) Printed I Typed Name Date


