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Limerick Generating Station
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ERRATA TO SECOND PARTIAL INITIAL
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The following errata to the Second Partial Initial Decision are being
issued by the Licensing Board.

Page
184

193

205

208

229

262

Paragraph Correction
F-15 _ On line 8, change "15%" to "58%"

GLrET
VanNit,

ARA?

(See NRC Staff Proposed Transcript
Corrections, at 5, for Tr. 11,253

. (August 6, 1984).)

F-30 On 1ine 4, change "Table 7. Id.
at 38, 63." to "Table 6. Id.
at 38, 62."

F-49 On 1ine 10 of 205, change "bonds"
to "bounds"

F-55 On lines 1 and 2 of page 208,

change "The probabilities for
early fatality to individuals" to
"The risk of early fatality"

F-90 On line 2, change "conservations"”

to "conservatisms"

F-145 On line 6, transpose the words

"two" and "only"
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1. INTRODUCTION

This is the Second Partial Initial Decisfon (P.1.D.) fssued by this
Atomic Safety and Licensing Board in this proceediny. The first
"partia) Initial Decision (on Supplementary Cooling Water System
Contentions)," was issued on March 8, 1983, and resolved the captioned
fssues in favor of the Applicant (Philadelphia Electric Company or
PECo), subject to certain conditions. LBP-83-11, 17 NRC 413 (1983),
appeal pending.

This second P.1.D. decides all other issues in controversy in favor
of the Applicant which are prerequisite for authorization of the low
power operating licenses requested by the Applicant for testing and
operation up to five percent of rated power, pursuant to 10 C.F.R,

§ 50.57(c), as 1imited by 10 C.F.R, § 50.47(d). These issues are listed
in the table of contents of the P.1.D. Offsite emergency planning
fssues, which must be resolved in favor of the Applicant as a
prerequisite for authorization of operating 1icenses for power levels in
excess of five percent of rated power, are pending for 1itigation in
this proceeding. When and 1f the low power operating licenses
authorized by this P.1.D, are fssued 1s determined by the NRC Staff,
based on 1ts review of the many other NRC requirements not in
controversy before us, and the certification of completion, in turn, of
sach of the two reactor units comprising the Limerick Generating
Station,
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The Limerick Generating Statfon, Units 1 and 2 s located in
Limerick Township of Montgomery County, Pennsylvania. It s on the east
bank of the Schuylkill River, approximately four miles downriver from | |
Pottstown. Licenses are sought to operate two bofling water nuclear
reactors, each with a rated core power level of 3,293 megawatts therma) & )
and a net electrical output of 1,055 megawatts electric. Final Safety
Analysis Report (FSAR) at 1.1-1. . '

In addition to the Applicant and the NRC Staff (Staff), the parties
participating in one or more issues decided in this P.1.D. are:
Intervenors Limerick Ecology Actfon (LEA), Friends of the Earth in the
Delaware Valley and Mr. Robert L. Anthony (as a joint party and referred
to as FOE), and the Afr and Water Pollution Patrol and Mr. Frank R.
Romano (as a joint party and referred to as AWPP). The City of
Philadelphia and the Commonwealth of Pennsylvania also participated in
the hearing as interested governments pursuant to 10 C.F.R. § 2.715(c).
The City also 11tigated some of its own 1ssues. Each party filed
proposed findings of fact on issues of interest to them.

There were approximately 40 days of evidentiary hearings held on
the fssues decided in this P.1.D., between December 12, 1983 and v
June 20, 1984, in Philadelphia, Pennsylvania.

The Board's Findings of Fact follow 1n numbered paragraphs, keyed
to the lettered subsections, in Section II. The Conclusfons of Law and



e

the Order (including procedures for appeal) follow in Sections III and

IV, respectively,
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1. FINDINGS OF FACT

A. AWPP Contention V-4: Afrcraft Carburetor Icing
1. Summary

A-1. This Air and Water Pollution Patrol (AWPP) contention arises
under the National Environmental Policy Act (NEPA), and alleges that
there will be increased 1cing 1n airplane carbunton_ due to emissions
from the two Limerick large, natural draft cooling towers, The

contention states:

Neither the Applicant nor the Staff have adoquou:g“
considered the potentfal for and the impact of carburetor
feing on afrcraft flying into the airspace that may be
affected by emissfons from the Limerick cooling towers,

A-2. We conclude that this contention lacks merit. The Applicant,
supported by the Staff, has demonstrated that there will be nc hazards
to afrcraft due to carburetor fcing caused by the Limerick cooling tower
plumes. Carburetor icing 1s a well recognized hazard to carburetor
equipped afrcraft, It 1s caused by water vapor freezing in the
carburetor (in which the temperature can drop markedly due to the
expansion of the air flow through the throttling valve). If permitted



to accumulate, the ice can cause degrading engine performance to the

point of failure.

A-3. The proof before us has clearly demonstrated that beyond the
short distance from the cooling towers of about a quarter of a mile, the
temperature and humidity differences between the plume and the ambient
air are insignificant. The plumes would not present a potential
carburetor icing hazard different from the naturally occurring
- atmosphere, because an airplane could not remain 1n such a small region
of the plume for more than a few seconds -- too short a time for
carburetor icing to present a hazard. Furthermore, in the alternative,
and contrary to the evidence, even if conditions in the entire plume (up
to about 10 miles long) were significantly different from the
surrounding afr, 1t would be highly unlikely that an airplane would, or
even could, remain in the plume long enough for sufficient carburetor
fce to accumulate to cause engine failure. The plume behavior would not
result in "socked in* conditions in the local airport traffic pattern so

as to cause airplanes to remain in the plume for long time periods.

A-4, In any o!nt. the above considerations are unrealistically
conservative. They do not take into account the fact that normal pilot
procedure 1s to use the required carburetor heat system to prevent ice
accumulation, If cart.etor fce begins to accumulate, whether caused by
a plume or ambient air, there is ample timely notice to the pilot due to
symptoms of the degraded engine performance, and gauges, that ice is
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accumulating and therefore carburetor heat should be applied to melt the
fce. Pilots must face norma) varfations in temperature and humidity
conditions over relatively smal) changes in airspace location of greater
magnitude than varfations which would be presented by cooling tower

plumes,

A-5. The Applicant's witness panel included two meteorologists,
Messrs. Smith and Seymour, with impressive credentials and experience in
studying cooling tower plumes (including from afrcraft). Mr. Seymour s
also an oxpirioncod pilot and flight instructor with a commercial
lcense. See professional qualifications, ff. Tr, 6234, Likewise, the
Staff presented an excellently qualified witness panel consisting of an
experienced meteorologist, Mr, Markee, and an FAA official, Mr. Gefer,
who serves as manager of the General Aviation and Commercia) Division of
the Flight Operations office. Mr. Gefer has been a certified pilot for
over 40 years, and has been a f11ght instructor. The Staff's panel also
included a Staff nuclear engineer, Mr. Krug, because of his expertise as
an instrument rated commercial pilot. See professional qualifications,
ff. Tr. 6883, As might be expected from their qualifications, these
witnesses, both in the written direct testimony anJ under extersive
questioning at the hearing, displayed thorough knowledge and
understanding and strong, thoughtful support for their conclusions.
Indeed, they tried valiantly in response to sometimes confusing,
repetitive questions, to explain their analyses and bases so that AWPP's

lay cross-examiner, Mr. Romano, would understand the situation,
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A-6. In contrast to Applicant's and Staff's witness, AWPP's
representative (who also testified on behalf of AWPP), displayed
insufficient knowledge and expertise to be relied upon. He is a chemist
with science degrees. However, he had no knowledge of the meteorology
fnvolved in plume behavior. He has been 2 1icensed pilot of small
planes with ten years of flying experience, much of it in the local
Limerick area, However, although he is rightfully concerned, as 2 pilot
of a small airplare, with carburetor fcing, his premises of the behavior
and effect of plumes were proved incorrect, as was his unlikely
postulation that {nexperienced, imprudent pilots might not use
carburetor heat to prevent, or if necessary, remove an accumulation of

carburetor ice. Romano (oualifications and testimony), ff. Tr, 6725,

A-7. The evidentiarv hearing sessions on this contention were held

on January 11-13 and 17-18, 1984,

2. Behavior of Cooling Tower Plumes

A-8. In our unpublished memorandum and order of Mvmroi':”L
we denied Applicant's motion for summary disposition of this ¢ tion,
In doing so, we held that if Applicant had established, as an
indisputable fact, its proposition that temperature and moisture
conditions in cooling tower plumes beyond a distance of one quarter r'le
from the tower were insignificantly different from those in the ambient

atr, summary disposition would have been warranted, We would have s0
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ruled because aircraft would not, indeed could not, reasonably remain
within the influence of a plume within a quarter of a mile of the
cooling tower for more than a few seconds ¥ too short a time period
for carburetor fcing to affect the aircraft. November 8, 1983 ("Summary
Disposition”) Order, at 3-4,

A-9. At the summary disposition stage, we found that there could
be a question about the applicability to Limerick of the 1981 Thomson
Pennsylvania State University study relied on for Applicant's "one
quarter mile from tower significance proposition,” because the design of
the cooling towers of the Keystone Plant used in the study were
different. 1d. at 4. Based on the facts established at the evidentiary
hearing, as set forth below, we find that the Applicant, without any
reasonable contradiction, has established by the overwhelming
preponderance of the evidence that the Limerick cooling tower plumes
will not have temperature and moisture conditions significantly
different from the ambient air beyond a quarter mile from the tower,

Y ror example, assuming both a slow afr speed of 90 mph, and an
airplane flown through the long axis of the plume within a quarter mile
of the tower, a plane would traverse the quarter mile in 10 second:,
Any other flight path would expose the a‘rplane to potential fcing
conditions for an even shorter time,



A-10. To dissipate the wuste heat from the operation of the
facility, the Limerick Generating Statfion will employ two large natural
draft hyperbolic cooling towers 507.5 feet in height. Markee, ff. Tr.
6833, at D-5.

A-11. The operation of towers of the type used at Limerick creates
visible plumes of water vapor under certain atmospheric conditions. The
plume emitted by the Limerick towers will always have a higher
temperature and greater water content than the ambient afr. Excess
water vapor will condense to form a visible plume approximately 50 to 80
percent of the time. The plume will always be less dense than the
ambient air and will rise due to buoyancy. 1d. at 3-13; Tr. 6296,
6298-99, 6320, 6324 (Smith). The exact temperature and humidity content
of the plume as it exits the tower will depend on the temperature of the
ambient inlet air drawn into the tower and the amount of heat being
dissipated from the plant (at different plant operating Tevels).

Tr. 6317, 6322 (Smith).

A-12. As the plume rises 1t will be cooled by expansion,
evaporation, radiation and mixing with the ambient air, Markee, ff, Tr.
6883 at 3-13 to 3-14; Tr, 6290, 6293 (Smith). The rate of heat dilution
and consequent plume behavior 1s affected by the natural turbulence in
the atmosphere, the vigor with which the plume exit the tower (1,100 to
1,600 feet per minute at full power operation), and the humidity and
temperature of the ambient air relative to the humidity and temperature
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of the plume. Tr. 6292, 6296, 6407 (Smith); Tr. 6630 (Boyer). Very
rapid mixing occurs in the immediate vicinity of the tower. Tr. 6291-93
(Smith),

A-13. A temperature differential of as little as tenths of a degree
(Fahrenheit) over the ambient afr will result in a buoyznt plume.
Tr. 6681 (Smith). As they exit from the cooling towers, the plumes will
be very close to or at saturation. Tr, 6639 (Smith). Strong winds
expedite the mixing process and reduce the plume's buoyancy as its
warmer, wetter air s dispersed. Tr. 6299 (Smith). On the other hand,
if the atmosphere is relatively sti1l, plumes will rise almost
vertically to greater heights and will continue to rise, usually until
it reaches a layer in which temperature increases with height, i.e., an
fnversion layer. Tr. 6299-300, 6407 (Smith). Normally, as a plume
rises under nearly calm conditions it generates its own turbulence and
mixing and either dissipates while rising vertically or reaches a layer
in which there {s transport wind and is carried away. Tr. 6302-03
(Smith). A plume rising into air that is already saturated and
therefore has a cloud deck will blend into and bcc1 part of the
ambient cloud deck. Tr. 6408-10 (Smith).

A-14, As testified to by both the Applicant and Staff, 1t 1s
extremely rare for cooling tower plumes to assume a lateral orfentation

before reaching an altitude of 1,000 feet. Tr. 6894, 69(R-09 (Markee);

< p———y —
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Tr. 6298 (Smith). In their studies of natural draft cooling tower
plumes, Applicant's witnesses did not find a single plume whose rise
leveled off below 1,000 feet. Trey found only one bent over plume
between 1,000 and 1,200 feet. Tr. 6298, 6334, 6619 (Smith).
Additionally, the Staff testified that there is only an extremely small
probability that a plume waft might reach the ground in the vicinity of
Limerick. Such an event could only occur as a result of very turbulent,
hurricane-type conditions, which would be conducive to plume disparsion

in any event. Tr. 6894-95 (Markee).

3. Studies of Cooling Tower Plumes

A-15. Applicant's witnesses relied upon two cooling tower plume
studies as part of the bases for their testimony that plumes will not
affect carburetor icing in the Limerick area. Smith and Seymour, ff.
Tr. 6234, at 5-7; Tr. 6423 (Smith). One of these studies, the Thomson
(Pennsylvania State University) study of the Keystone cooling towers in
Western Pennsylvania (App. Ex. 13), was conducted expressly to determine
conditions inside and outside visible and invisible plumes. Tr. 6259,
6279, 6405, 6418 (Smith). The visible plume was tested by making
airplane flights at right-angle cross-sections at various altitudes from
top to bottom and at various distances along the length of the plume.
Tr. 6259-60, 6419, 6458 (Smith). When the v*-ible plume terminated,
those procedures were employed downwind at the same altitudes and at

increasing distances out to ten miles to tes” the invisible plume.
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Tr. 6419, 6458, 6460-61 (Smith). This technique enabled the researchers
to intersect the so-called invisible portion of the plume with great
regularity. Tr. 6262, 6279, 6419-20, 6459 (Smith).

A-16. The Thomson study results inci-ate that in-plume temperature
and humidity conditions vary sharply within one quarter-mile of the
tower, with both quantities significantly exceeding ambient levels for
very short perfods. Smith and Seymour, ff. . 6234, at 5-5, Beyond a
quarter-mile, however, in-plume temperatures were found to be almost
indistinguishable from those of the external air, and the humidity
difference dropped to 0.25 gm/kg or less. This 1s a very small excess
as the natural atmosphere, when saturated, contains about 3.5 gm/kg of
water vapor at 30° F. This figure increases to 22 gm/kg at 80° F,
Smith and Seymour, ff, Tr. 6234, at 5-6 and Figs. 1 and 2; Tr. 7094,
7106-07 (Markee). -

A-17. Contrary to AWPP's unsupported claims, the results of the
Thomson Keystone study are valid for Limerick. The key climatic
conditfa‘ applicable to carburetor icing are nearly identical at
Keystone &nd Limerick. Smith and Seymour, ff. Tr., 6234, at 6;

Tr. 6423-24 (Smith); Tr. 7033-34 (Markee). The plume and weather
conditions at Keystone are not affected by the modest ridges located 40

miles away. Tr. 6444-45 (Smith).
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A-18. As noted in our order denying summary disposition, the
Keystone towers are smaller than the Limerick towers -- 325 feet and 507
feet, respectively. However, the expert witnesses for the Applicant and
Staff testified that based on American Electric Power data, there is
little difference in comparative behavior of plumes from cooling towers
from plants that are about 500 megawatts and larger. Tr. 6424-25
(Smith); Tr. 7033 (Markee). This was not contradicted by either other

testimony or under cross-examination.

A-19. We agree with the Applicant's conclusion, supported by.
Staff's meteorologist (Tr. 7033, 7086-87, 7106-07 (Markee)), that as 2
result of the plume and ambient air mixing processes described above,
the distance would not exceed one quarter mile from the tower within
which temperature and humidity in the plume could reasonably vary enough
from the ambient air to cause or exacerbate carburetor icing. This is
well supported by their expert knowledge of plume phenomena, their
review of the literature, and the Thomson Keystone study. See e.1.,
Smith and Seymour, ff. Tr. €234, at 5-6 and Figs. 1 and 2; 6267, 6.86,
6312-13 (Smith); Tr. 6286, 6350-51 (Seymour).

4. AWPP's Disagreements Regarding Plume Behavior

A-20. AWPP's disagreements with the information and conclusions

regarding p.ume behavior testifiad to by the Applicant's and Staff's
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experts are insubstantial and without foundation, Trhe arguments by
AWPP's representative show an unfortunate apparent inability to
understand the testimony. Indeed, the arguments illustrate why the
testimony of AWPP's representative is entitled to no weight., For
example, AWPP seems to believe that the testimony that plumes will not
affect carburetor icing beyond a quarter mile from the tower means that
Apnlicant and Staff believe that plumes longer than a quarter mile will
not exist. This is not correct. The testimony is that longer plumes
will exist, at times as much as five or ten miles long. Tr. 6264-65
(Smith). On rare occasions, the Applicant postulated that, based on
American Electric Power studies performed by Mr. Smith, and a computer
modeling run for Limerick, the Limerick plumes may even exceed 10 miles.
Smith and Seymour, ff. Tr, 6234, at 7-8. This is not inconsistent with
the well-supported, uncontradicted, and often repeated testimony at the
hearing, regarding the lack of significant temperature and humidity
deltas of the plume over the ambient air at distances greater than one

quarter mile from the tower.

A-21. Similarly, AWPP's argument (proposed finding 6) that the
velocity of the plume as it exits the tower of 1,100 to 1,600 feet per
minute contradicts the testimony of lack of significance beyond a
quarter of a mile. This argument is a non sequitur. In the first
instance, even if that velocity continued, we 4i] to see how a high
velocity plume could contradict the testimony and data of lack of

significance of the conditions within the plume beyond a quarter mile.
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To the contrary, if such velocity continued it woeuld appear to promote
even more rapid mixing of the plume with the ambient air. In any event,
the testimony was only that these velocities occurred at the point of
exit of the plume from the tower, not that it persisted. See our
Finding A-12.

A-22. AWPP postulated that saturated, stagnant ambient conditions
could cause the cooling tower plumes to remain near the ground and
concentrate in an inversion condition, causing a carburetor icing
threat. This was unsupported by AWPP, and was authoritatively
discredited by the expert testimony of the Applicant and the Stafr., As
noted above, (Finding A-13), when the ambient air is saturated, the
plume will rise into the atmosphere, continue to mix with the ambient
air, merge with the cloud deck, and then be transported away over the
course of about an hour. Tr. 6408-10 (Smith). Further, during stagnant
ambient conditions, plumes would rise to greater heights than normal and
would not cause a significant humidity increase in the airspace close to
the tower or the ground. Smith and Seymour, ff. Tr. 6234, at 14; Tr.
6407, 6712-13 (Smith). There is no such thing as completely stagnant
air -- air always moves, although at slower rates in stagnant

conditions. Tr. 7050-51 (Markee).

A-23. The plume pr-omena described above show that even when

ambient dispersion conditions are poor (i.e., stagnant), plumes will

rise to heights of several thousand feet, where the stronger winds will
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disperse them. Markee, ff, Tr. 6883, at 2. The computer model run for
Limerick by the Applicant is consistent with this expert view. It
indicates that the Limerick plumes wil) always reach a height of at
least 1,000 feet above ground before Teveling off, if they have not
dissipated before reaching that altitude. Smith and Seymour, ff.

Tr. 6234, at 7-8. See 21so our Finding A-14,

5. Afrcraft Carburetor Icirg

A-24, AWPP's assertion that the Limerick cooling tower plumes wil)
lead to increased aircraft carburetor icing ignores the fact that the
conditions causing carburetor ice formation are well understood anrd that
steps have been taken to assure that it does not present a significant
problem to pilots who are reasonably attentive. Smith and Seymour, ff,
Tr. 6234, at 8; Geier, ff. Tr. 6883, at 2-4; Krug, ff. Tr. 6883, at 2-3.
Carburetor icing occurs as follows: The vaporization of fuel, combined
with the rapid expansion of air as it passes through the carburetor
intake valve, causes that mixture to cool; the water vapor content of
the intake air may then condense, and if the temperature in the
carburetor reaches 32° F. or below, the moisture can be deposited in the
fuel intake system as frost or ice which may reduce or block the passage
of the fuel/air mixture to the engine and cause engine failure. Due to
the venturi effect of a partially closed throttle valve, carburetor icc
is more likely to form when the throttle 1s not fully open. The

temperature of air passing downstream of the throttle valve may drop as
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much as 60° F. Smith and Seymour, ff. Tr. 6234, at 8; Geier, ff. Tr.
6883, at 2.

A-25. On very dry cays and when the temperature is well below
freezing, the moisture content of the air is not sufficient to cause
carburetor icing. But if the temperature is between 20° F. and 90° F.,
and moderate humidity or visible moisture is present, there is a
potential for carburetor ice to form. Smith and Seymour, ff. Tr. 6234
at 8-9; Tr. 6517-18 (Seymour).

2. Time for Formation

A-26. Experiments have been conducted on the ground using an
automobile engine and an airplane carburetor to acc@hte the greatest
amount of carburetor ice in the least amount of time so as to establish
the power losses associated with timed exposure to optimum icing
conditions. Such studies are done in a2 laboratory because it is
difficult to find optimum conditions for carburetor ice accumulation

occurring naturally. Tr. 6507-08 (Seymour).

A-27. At such conditions (68° F. and 100% humidity), the study
found it would take eight minutes of flying time for enough carburetor
jce to accumulate to cause a 25 rpm reduction in engine speed. This
result assumes that the proper preventive and remedial measure of using

the carburetor heat control, discussed below, is not taken. Such a drop
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is not even significant enough to probably be noticed by the pilot.
Smith and Seymour, ff. Tr. 6234, at 9; Tr. 6374-77, 6527-28 (Seymour).
The FAA witness appearing on behalf of the Staff stated in his direct
written testimony that although carburetor fce can form instantaneously
under the proper conditions, 1t does not accumulate at such a rate that
the pilot who pays attention to the signs cannot prevent engine stoppage
due to blocking by ice of the carburetor throttle. Gefer, ff. Tr. 6883,
at 2.

A-28. On {ts face, the FAA witness' prepared testimony is not
fnconsistent with the Applicant's testimony based on the icing test
studies. Instantaneous ice formation is not an accumulation of
carburetor ice which would create a flying hazard. That this is what
the FAA witness meant was clarified at the hearing. He and the other
Staff pilot witness did not wish to testify to a particular time frame
such as five, eight or ten minutes, due to varfation in afrcraft and
conditions. Tr. 7002-03 (Krug, Geier). However, he explained he agreed
with and had no evidence to believe that the conclusfon of the study
relied on by the Applicant was wrong -- J.e., that it would take some
time (efght minutes according to the study) of flying through adverse
conditions without carburetor heat to accumulate enough carburetor ice
to present a significant hazard to an afrcraft. Tr. 7001-03 (Geier).

A-29. Based on the above, even 1f an airplane would fly in the
plume within a quarter mile of the tower, it would pass through that
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area in a matter of seconds -- much too soon for hazardous carburetor
ice to accumulate. The use of the quarter mile distance as the maximum
area of potential adverse effect was conservatively based on the premise
that differential conditions between the plume and ambient afir
conditions of not more than one degree centigrade or a half a gram of
water vapor per kilogram of air would not have an effect on carburetor
fcing. Tr. 6249 (Smith). As discussed above (Finding A-16), the
conditions beyond the quarter mile distance would not exceed that.
Actually, the one quarter mile distance proposition is conservative,
because a differential between the plume and ambient air conditions of
two or three degrees centigrade and ten or twenty percent humidity would
not significantly affect aircraft carburetor icing. Tr. 6267 (Smith).

A-30. Moreover, even {f we believed, contrary to the evidence, that
the cooling tower plumes could cause carburetor icing for distances
beyond one quarter mile from the tower, and that pilots would not apply
carburetor heat to prevent or remedy icing, there is another factor
which demonstrates that the contention has no merit. The record fully
supports, and we agree with, Applicant's proposed findings (45-47),
showing that it would be highly unlikely -- indeed a nearly impossible,
purposeful maneuver -- for a pilot to keep a small general aviation
airplane of concern in this contention within even the largest cooling
sower plumes for their full extent long enough for enough carburetor ice
to form to present a hazard to the airplane. See e.g., Smith and
Seymour, ff. Tr. 6234, at 7-11.
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b. Prevention and Elimination of Carburetor Icing

A-31. It is not necessary to make further findings in order to
decide that the contention lacks merit. However, wi¢ do so to show that
the éonsorvative assumption used to this point that the pilot would not
prevent or, if encountered, remedy carburetor icing, 1s unrealistic.

A-37. A1l airplanes with carburetors are required to have
carburetor heat systems to prevent and eliminate icing. Geier, ff.
Tr. 6883, at 3. All parties agree that aircraft manufactured since
World War II have such systems, and therefore 99% of the airplanes flown
in the Limerick area are so equipped. Tr. 6651 (Seymour); Tr. 6834

(Romano) .

A-33. AWPP agrees that if carburetor heat is used, fce will not |
form. Tr. 6852 [Romano). Unless the fce were allowed to accumulate
over a long enough time, during which the pilot would have to fgnore
seriously degrading engine performance, by design of the airplane
carburetor ice can be removed in seconds by the use of carburetor heat.
Tr. 6364-67, 6376-78, 6383-84, 6668-71 (Seymour); Tr. 7004-05 (Gefer).
Carburetor ice would not cause instantaneous engine failure without
significant noticeable symptoms alerting the pilot to the problem.

Tr. 6376-81, 6628-29 (Sevmour). A trained pilo. would not be likely to
confuse the indications of other engine problems with the indications of
the accumulation of carburetor ice. Gefer, ff. Tr, 6883, at 4-5.
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A-34, Beyond the fact that a pilot shoula be able to remedy a
carburetor ice problem after detection, there are proper flight
procedures for different maneuvers to prevent a carburetor ice problem,
These procedures would prevent problems in the local Limerick area even
though there are airplanes taking off and landing at local airports near
Limerick. 2/

A-35. Carburetor heat 1s not used in normal flight as it reduces
the output of the engine, but pilots are trained to apply carburetor
heat at the first indication of an icing problem. Smith and Seymour,
ff. Tr. 6234, at 12. Also, carburetor heat is not normally used during
takeoff because full power is desired and the potential for carburetor
jce 1s less when the throttle 1s fully open. Tr. 6673-75 (Seymour);
Tr. 7042 (Krug). However, before taking off a pilot should test his
carburetor heat control. This will assure that it is working. It will
also indicate whether any ice is present based on the reaction of the
engine to the application of the heat. If symptoms of ice occur during
that preflight check, then the carburetor heat should be reapplied just

2/ Based on our findings on plume behavior, local airport traffic will
not be affected by the plumes which, if they do not dissipate first,
will rise to over a thousand feet above the ground. The typical airport
traffic altitude is 800 feet for light aircraft and 1000 feet for heavy
aircraft. Tr. 6688-89 (Seymour). The patter— altitude at the closest
airport, Pottstown - Limerick, is 889 feet above the ground (1200 msl),
well below the lowest heights at which plumes will level off. Tr,
7101-02 (Geier).



-22 .

before take-off to assure the carburetor is clear at that time. Smith
and Seymour, ff. Tr., 6234, at 12; Tr, 6673-74 (Seymour).

A-36. In making an approach for landing an aircraft which has a
carburetor, the pilot normally applies carburetor heat on the downwind
leg even 1f there is no indication of carburetor ice. An increace in
engine rpm after the carburetor heat 1s applied 1s an indication that
carburetor ice was present and that the heat has eliminated 1t. Such an
increase is an indication that the pilot should continue to ute the
carburetor hert. "“As required" in a flight manua) instruction regarding
the use of carburetor heat means that normal procedure is to leave the

carburetor heat on throughout the approach. Tr, 6890, 7007-08 (Geier).

A-37. In the case of a "go-around," a situatfon in which a pilot
must reapproach the runuuy'aftor beginning his pre-landing descent,
carburetor heat would have been applied during the pre-landing descent.
Once a pflot realized that a go-around had become necessary, carbureter
heat would be eliminated and full power applied, thus ameliorating any
fcing potential. Carburetor heat would again be applied upon reentering
the landing approach. Tr. 6676 (Seymour); Tr. 6835-36 (Romano);

Tr. 6890 (Gefer).

A-38. It is not our conclusion that afrcraft cannot be placed in
hazardous circumstances, perhaps even to the point of a tragic accident,

by carburetor fcing. But it s our finding that this would occur only
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due to pilot failure to use well established procedures and available
equipment., The procedures are well established and the carburetor heat
systems are required precisely because aircraft carburetor fcing is a

well recognized potential hazard.

A-28. More to the point, any variation between the cooling tower
plumes and the ambient air fis insignificant when compared to the much
larger normal temperature and moisture variations over relatively small
changes in location that pilots face in routine flights through ambient
air. Indeed, changes in altitude of a few hundred feet may result in
differences of five to ten degrees Fahrenheit and fifty to sixty percent
in humidity, Tr. 6997-98 (Krug); Tr. 6356 (Smith); Tr. 6367 (Seymour);
Tr. 6644-47 (Smith, Seymour).

A-40. Based on all of the above, we find that AWPP Contention V-4

lacks merit,
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B. FOE Contentions V-3a and V-3b: Natural Gas
and Petroleum Pipeline Accidents

1.  Background.

B-1. On September 19, 1981, Mr. Robert L. Anthony filed a petition
to intervene on behalf of himself and Friends of the Earth in the
Delaware Valley (FOE), including some 13 proposed contentions. In its
Memorandum and Order of October 14, 1981, this Board scheduled a special
prehearing conference for approximately the first week in January 1982
to consider, inter alfa, the contentions, the objections to the
contentions, and the responses by petitioners to the objections -- from
all participants in the proceeding at that time. We also required that
all contentions be refiled, since coordination among petitioners had not
taken place and some of the preliminary contentions were poorly

organized, redundant and unclear.

B-2. On November 24, 1981, in a Supplemental Petition of
Coordinated Intervenors, FOE, among eleven other petitioners, filed
seven proposed contentions, which superseded those filed previously.
FOE/Mr. Anthony was found to have standing to intervene in this
proceeding. The Board denied six of FOE's seven contentions in its
Special Prehearing Conference Order (SPCO) of Ju~~ 1 1982. .15 NRC 1423
(1982). Our ruling on one of FOE's contentions (VIII-1., having to do
with emergency planning) was deferred unti]l after the Limerick emergency

-
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plans became available. While we denied FOE's Contention V-3, related
to the danger of fire and expliosions in connection with gas and oi)
pipelines and industry near the plant, we allowed FOE 30 days to file
contentions which would allege specific deficiencies which FOE believed
existed in the FSAR analysis of these matters. I[d. at 1513-14. FOE
respondec to our SPCO on July 7, 1982, listing ten contentions that it
characterized as severe deficiencies in Section 2.2 of the FSAR,
Generally, these related to explosions, fires and missiles arising from

pipeline and industrial activities.

B-3. In our Order (Concerning Proposed FOE Contentions on Hazards
from Industrial Activities) of November 22, 1982, we denied all but two
of the newly proposed contentions, i.e., Contentions No. 3 and 5. To
focus these contentions on the areas of concern, the Board rewrote and

renumbered them, as follows:

V-3a. In developing its analysis of the worst case rupture of the
ARCO pipeline, the Applicant provided no basis for excluding
consideration of siphoning. Thus, the consequences from the worst
case pipeline accident are understated.

V-3b. In discussing dcflngrat1on of gas and petroleum due to
pipeline rupture, no specific consideration has been given to the
effect of radiant heat upon the diesel generators and associated
diesel fuel storage facilities.

B-4. We note tnat with respect to Contention V-3a, consequences
from the worst case pipeline accident were understood to encompass
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missiles of pipe fragment or rock damaging plant facilities as well as
damage from overpressure. With respect to Contention V-3b we note that
concerns about the impact of a pipeline fire on the diese) generators
and the diesel fuel storage facilities were not discussed explicitly in
the FSAR. Y Although not explicitly part of FOE's contentions as
admitted, the Board found that consideration of the detonation of
natural gas from the Columbia Gas pipelines, which all parties had .
addressed in their prefiled testimony, should properly be considered for
completeness, given the issues in controversy before us. “Memorandum
and Order Ruling on Motfons to Strike Testimony." (Unpublished)
(December 1, 1983). ‘
|

B-5. As a preliminary matter, we note that the proposed testimony
of Mr. Anthony on Contentions V-3a and 3b was not accepted, because he
does not possess the expertise necessary to testify as an expert |
witness. We did allow the testimony of Mr. Bevier Hasbrouck, on the i
basis that he was marginally qualified as a physicist to discuss
pipeline explosions, even though he had no direct experience in this |
area. Evidentiary hearings on these matters were held on December ¢
12-16, 1983; January 9-10, 23-25, March 8-9, 20-23, 1984,

3 FOE/Anthony filed a response to and a motion to reconsider our
November 22, 1982 order regarding FOE contentions on December 19, 1982,
Upon reconsideration, we denfed the motion on March 10, 1983.
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B-6. The Board wished to ascertain from the Applicant and the
Staff at the outset whether they depended, for any part of their cases
on these contentions, on the probability of a breach in the pipelines
occurring, as opposed to the nature of such a breach and its potential
consequences. Both Applicant and Staff conceded that a pipe break could
occur. Tr. 5076 (Wetterhahn), Tr. 5076-77 (Vogler). Consequently, we
do not consider the probabilities of rupture of either the ARCO or the
Columbia pipelines. We do consider the consequences of worst case
accidents potentially resulting from the rupture of these pipelines in
the vicinity of the Limerick Nuclear Generating Station. To do this we
determine, in turn, the nature of the materials transported in the
pipelines, how much of these materials could react to produce heat and
blast overpressures and the ability of safety related structures,
systems and components to withstand such impacts, including interactions
from the non-safety related structures, systems and components that

could be damaged from the results of potential heat or blast impacts.

2. Summary.

B-7. In consideration of FOE's Contentions V-3a and V-3b, thc
Board has carefully evaluated the potential effects on the Limerick
Station of postulated ruptures of the ARCO and Columbia pipelines. We
have not considered what might have been argued as to the low
probabil}ty of such ruptures. We have considered what we believe to be

very conservative postulates of accident scenarios that would lead to
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radiant heat and overpressure impacts on the Station. Such
conservatisms include the distribution of material released from the
pipelines, the meteorological conditions prevailing at the time of
rupture, the transportation and dispersion of flammable mixtures toward
the Station and the assumption that such unconfined mixtures could be
detonated. Even assuming burning or detonation of such mixtures,
conservative calculations of the radiant heat loads and overpressures on
the safety-related structures at Limerick, and the effects of failure of
nonsafety-related structures on the safety-related structures,
demonstrate the adequacy of these structures to withstand the effects of
postulated ruptures of the ARCO and Columbia pipelines. Accordingly, we
find FOE's Contentions V-3a and V-3b to have no merit.

B-8. We find the Applicant's and Staff's witnesses to be qualified
and competent in their respective disciplines and their testimony to be
credible and persuasive. (n the other hand, we find the qualifications
of FOE's sole witness to be 1imited, in education, training or
experience applicable to the issues raised in these contentions. Based
on limited qualifications, and the content of his testimony, we assign

no weight to his testimony.




3. The ARCO Pipeline.

a. Description of Pipeline.

B-9. The ARCO Pipe Line Company operates and maintains a pipeline
that traverses Chester and Montgomery Counties in Pennsylvania. This 1is
known as the 8" Northeast Boot (Pa.) to Fullerton (Pa.) Pipeline. It
consists of an 8" diameter, 0.250" wall thickness X 42 grade steel pipe
coated with a coal tar enamel.and additionally protected against
corrosion by an impressed electrical current cathodic protection system.
Christman, ff. Tr. 5093, at 1-3. The pipeline has a capacity of 31,700
barrels per day Yy and operates at a maximum pumping pressure of 1,100
pounds per square inch gauge (psig). Normal operating pressures for
gasoline are 850 to 875 psig and for diesel and furnace oil, 950 to
1,000 psig. The pipeline was buried at least three feet below grade at
the time it was constructed in 1955. Christman, ff. Tr. 5093, at 3.

b. Contents of Pipeline.

B-10. The pipeline carries automobile gasoline, kerosene, diesel

011 and home heating oil. ARCO Pipe Line Company has stipulated in an

Yy One barrel of petroleum products is equivalent to 42 gallons. Thus,
31,700 barrels per day is equivalent to 55,475 gallons per hour (gph).



amendment to its right-of-way agreement with PECo that it will not carry
propane through the 1ine. The pipeline has never carried butane or
liquefied natural gas (LNG) and could not carry either product without
physical modification of the pipeline. Tr. 5109 (Christman). Although
the pipeline could carry aviation fuel, which is simply a higher octane
gasoline than used for automobiles, the 1ine has never been used for
this purpose, to the knowledge of Mr. Christman, who is the Montello
District Manager for ARCO for approximately 1,000 miles of pipeline in
Pennsylvania and New York, including the 8" Northeast Boot to Fullerton
Pipeline. The present tariffs on file with the Pennsylvania Public
Utilities Commission (PUC) cover transportation of the following:
gasoline, kerosene, jet engine fuel, tractor fuel, diesel fuel, and
light and medium fuel oil. Christman, ff. Tr. 5093, at 1, 4. Kerosene
and jet engine fuel would be less volatile than automobile gasoline.
Tr. 5231 (Christman). Automobile gasoline was considered in the
Applicant's analysis because it is the most volatile substance carried
and has the highest energy content. Aviation gasoline has a lower
volatility and lower heat content than automobile gasoline. Walsh, ff,
Tr. 5411, at 4. No new product has been added since 1978. Tr, 5122
(Christman). If propane were added to the tariff, it would certainly be
known by Mr. Christman and others well in advance. Tr, 5122
(Christman). See also Agreement attached to the Testimony of Vincent
Boyer, ff. Tr. 5412,




¢c. Location of Pipeline.

B-11. The Northeast Boot to Fullerton line is 48.87 miles long.
Christman, ff. Tr. 5093, at 3. Within a radius of five miles of the
Limerick site the pipeline runs generally in a south to north direction.
FSAR Fig. 2.2-1. See also Fig. 1, taken from the SER (Staff Ex. 6) and
reproduced at the end of this section of the decision solely to provide
a general depiction of the orientation of the ARCO and Columbia Gas
pipelines. Its location in the vicinity of the site is depicted in
Applicant's Ex. 18, a site plan drawn with a scale of one inch equal to
200 feet. This plan includes two-foot topographical contour lines. It
shows the pipeline proceeding northward from the easternmost corner of
the Limerick Information Center parking lot approximately 400 feet, then
slightly west of north for approximately 850 feet, then north for
approximately 500 %eet. and then east of north for approximately 1,200
feet. Almost directly east of the valve and meter house (located
between the two cooling towers), the pipeline crosses Possum Hollow Run,
Approximately 550 feet south of this crossing, the surface elevation
reaches the nearest high point in this direction of approximately 244
feet m.s.1. Approximately 1,300 feet to the east of north of this
crossing, the surface elevation reaches the nearest high point in this
direction of approximately 272 feet m.s.1. PECo's witness Payne
identified these high points as being aporoximately 270 feet elevation,
approximately 1,400 feet north and approximately 245 feet elevation,
approximately 600 feet south of the Possum Hollow Run crossing. Tr.
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5378-79 (Payne). The elevation of Possum Hollow Run at the point of the
pipeline crossing is approximately 168 feet m.s.1. The nearest approach
of the pipeline to the Unit 2 reactor building 1s approximateiy 1603
feet. The Unit 2 Diesel Generator Building is 1665 feet away. Payne,
ff. Tr. 5357, at 5. It should be noted, however, that the location of
the pipeline itself, or the location of breaks in the pipeline, are not
necessarily considered to be the actual locations of the fires or
explosions that are postulated for the purposes of this decision. These
latter locations are determined from the postulated break locations and
other factors, such as topography, wind direction and speed, as

discussed below.

B-12. FOE contended that the Applicant did not know where the ARCO
pipeline was located (in the vicinity of the Limerick site) and that the
Applicant could be wrong by 50 to 100 feet. Tr. 5135-36 (Anthony).
Witness Payne testified that using a more refined technique than
photogrammetry, PECo knew the location of the pipeline within less than
one foot over 90 percent of its length and within a foot or two over the
remaining 10 percent. Tr. 5380-81 (Payne). The more refined technique
is described in detail at Payne, ff. Tr. 5357, at 3-4. From its recent
investigation, the Applicant determined that the location of the
pipeline as indicated in FSAR Figure 2.2-4 deviates slightly from its

true location. At its maximum deviation, it {is actually 50 feet farther
from the Station facilities than shown in the FSAR figure at the point
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accurate enough for the analysis required for reaching our conclusions

with respect to this contention. We rely, however, on the Applicant's

survey, as presented in Mr. Payne's testimony. Payne, ff. Tr. 5357, at
3-50

d. Nature of the Release.

B-16. A number of “scenarios" were postulated for the release and
distribution of gasoline from the ARCO pipeline, its evaporation and
formation of an explosive volume within the atmosphere, its burning or
detonation and the resulting heat and overpressure impacts on the
Limerick structures. Initially, A, -licant assumed a break to take place
where the pipeline crosses Possum Hollow Run at a time when automobile
gasoline was being transported. Gasoline was postulated because it is
the most volatile subscance transported by the pipeline and has the
highest energy content. Because the pipeline is monitored by pressure
sensors to detect sudden rises or decreases in pressure that would
automatically shut off the pumps, Applicant assumed that the total
amount of gasoline released would be limited to that contained in the
pipe between the high points on either side of the bresk. This was
calculated to be 4,962 gallons. Walsh, ff. Tr. 5411, Attachment 1, at
1-2. By assuming the break at the low point -- Possum Hollow Run -- the
maximum amount of gasoline would be released. In t* case of a small
leak, Applicant testified that it would be detected by the operators in

a relatively short time by inventory procedures and tie pipeline would



be shut docsn. Walsh, ff. Tr. 5411, at 3-4. Applicant also initially
omitted consideration of any siphoning effects that could increase the
amount of gasoline escaping, because to achieve such siphoning, an
additional opening to the atmosphere would have to occur at a location
beyond an adjacent high point. Id. at §5-6. Intervenor challenged the
lack of consideration of siphoning in its Contention y-3a. While the
Board finds that siphoning could not be conclusively excluded, based on
the record before us, we need not try to speculate on the additional
amount of gasoline discharged from the break caused by siphoning which
might result from an additional opening in the pipe at some other
undefined location. Rather, the Board notes that the record also does
not support the reliability of automatic or manual shutdown of the pumps
in the event of a leak from or break of the pipe. Thus, as a worst

case, we consider the case where the pumps operate continuously after

the break.
e. Formation of a Flammable Mixture.

8-17. The “"source term" for the quantity of gasoline that could
lead to an explosive mixture with air, is not the total amount that
escapes the pipe, but instead the surface area of the gasoline as it
spreads over the terrain after leaving the pipe. The surface area is
the important consideration hecause it controls the rate at which the

gasoline evaporates and permits the vapor and air to form an explosive

mixture. Walsh, ff. Tr. 5411, at 6. We proceed to consider the surface




area that might be covered with gasoline as a result of a pipe break not
only at the low point where the pipeline crosses Possum Hollow Run, but
at other locations as well. Breaks at locations other than the low

point could produce a larger surface area of gasoline for evaporation.

B-18. Considering the topography traversed by the ARCO pipeline
(see App. Ex. 18), it is clear that given a break in the pipeline at any
point between the high points on either side of Possum Hollow Run, the
escaping gasoline will flow downhill under the force of gravity toward
Possum Hollow Run and thence downstream in Possum Hollow Run (generally
to the southwest) to the Schuylkill River. Given a break in the
pipeline on the other side of either high point (away from Possum Hollow
Run), the escaping gesoline would flow downhill under the force of
gravity in a direction generally away from the plant structures, to less
proximate drainage systems, and therefore cause lesser effects. Walsh,
ff. Tr. 5411, at 4. Thus, the worst case, and therefore the bounding
case, that we need only to consider is a break between the high points

on either side of Possum Hollow Run.

B-19. The size of a pipe break can, of course, range from a
complete double-ended guillotine failure to a small crack. For the
complete break, gasoline would be released from the upstream section of
the pipe no faster than the quantity pumped per unit time. For the
downstream section of the pipe, only that gasoline in the pipe which
could flow out of that section under gravity and/or siphoning could
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escape. Flow under these conditions would be characterized as a gushing
as opposed to a spray. For smaller cracks, gasoline would be sprayed at
a rate depending on the crack size and existing pressure within the
pipe. It is known from experience that under conditions similar to a
break in the ARCO pipeline, the sprayed material from a crack can cover
a significant area, certainly as much as the order of 9,000 square feet.
Staff Ex. 9, NTSB-PAR-76-8, Fig. 3. 2/ Assuming such a continuous
discharge to be spraying an area on the east bank of Possum Hollow Run
and just below the southern high point of the pipeline, the gasoline
would then flow downhill to Possum Hollow Run, covering additional
terrain. Assuming the area sprayed to be roughly circular, its diameter
would be approximately 130 feet. Thus the width of the swath covered by
the downward flowing gasoline would be approximately 130 feet. From the
site plan (App. Ex. 18) the distance from the postulated break to Possum
Hollow Run is approximately 500 feet. The total area on the east bank
covered with gasoline would be not more than 500 x 130 = 65,000 square
feet. In fact, the area would be much less, since the gasoline would
flow in rivulets rather than uniformly covering the entire area. Tr.

5723 (Walsh).

3/ From the figure the maximum distance gasoline was sprayed from the
SOCAL 8" pipeline was approximately 130 feet. The area sprayed
approximates one sixth of a circle with a radius of 130 feet. Thus, the
area sprayed was approximately =(130)2/6 = 9,000 square feet.
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B-20. In its initial analysis the Applicant assumed that iLne
Quantity of gasoline (4,962 galions) it assumed to be discharaed from
the break located at Possum Hollow Run was confined to the craek bed
between the location of the break snd the *irst downstream hridge in :
pool 610 meters long by one meter wide by three centimeters desp.
Walsh, ff. Tr. 5411, at 5. No credit was take: far outflow to the
Schuylkill River or for absorption of gesoline into the soi). This 610
Square meter pool correspcnds to 6,566 square { ot. Tha Svaff, in its
Supplemental Testimony, postulated the area of the spi'l from the
hillside break as the sum of the area of tne soill patiway on the
hillside (3 m x 158 m) and the area of the pool 610 m Tong, but 3 m
wide, i.e., 474 m? + 1830 m? = 2300 m?, or 24,200 fquare feet. Ferre!l
et al., ff. Tr. 7136, at 2. Due to the width of Fossum Hollow Run, the
Staff considers the assumption of a 3 meter width «xater surface of the

pool to be conservative by 2 factor of two. Tr. 7157 (Ferrell),

B-21. Applicant zssumed the evaporation rate of gasoline to be one
centimeter per hour, with all the butane being evaporated in the first
hour at a uniform rate. From this, Mr. Walsh calculated that 1,922
gallons of gasoline evaporated in the first hour. Then, using the
explosive limits for gasoline vapor, of 1.3 to £.0% by volume, he
calculated that if layering and gradua) upward expansion of the vapors
in the valley are assumed, (0.06-0.013 = 0.047) x 1922 = 90.3 gallons of
gasoline would be within explosive limits. Fe- gasoline at 5.75 1b/gal

this corresponds to 519 pounds, which would be equivalent to 5,252
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pounds of TNT equivalent, if all were detonated. Walsh, ff. Tr. 5411,
Attachment 1, at 1-3. The staff, using a conservative calculational
technique to estimate the gasoline evaporation rate, and conservative
atmospheric temperature and stability assumptions, derived the amount of
gasoline vapor assumed to be in the valley to be 773 pounds
(approximately 134 gallons). The staff then, very conservatively,
assumed all of this vapor to be in the flammable range and thus
equivalent to 1,856 pounds of TNT if detonated. Ferrell et al., ff. Tr.
7136, at 5. Applicant initially used a conversion factor for TNT

equivalent that was four times too great.

f. Overpressure Calculations.

g-22. The actual volume of explosive vapor would be distributed
ovar a length of some 600 meters along Possum Hollow Run. Both
Applicant and staff, however, assumed a point source for the blast.
Such an assumption is clearly conservative, perhaps by a factor as much
as 10. Ferrell et al., ff. Tr. 7236, at 5-6; Tr. 7158-59, 7263
(Ferrell); Tr. 6187 (Campe); Tr. 7165 (Markee); Tr. 5602 (Walsh). The
Staff assumed the location of the point source to be 960 feet due east
of the Unit 2 reactor building, whereas the Applicant assumed both 800
feet (where the slope of the valley toward the reactor ouilding is most
grac-°1) anc at 550 feet (in the direction of the closest approach of
Possum Hollow Run to the station). Both Applicant and Staff took no
credit for shielding effects of the topography on the calculated




overpressure resulting at the reactor building from the assumed
detonation of all of the explosive mixture. The Applicant's results
were 1.9 psi at 800 feet and 3.0 psi at 550 feet (using the incorrect,
overly conservative conversion factor for TNT equivalence). Walsh, ff.
Tr. 5411, at 7-8; Tr. 5575-78, 5583-88 (Waish). The Staff calculated a
peak reflected blast overpressure, from a detonation 960 feet due east,
on the Unit 2 containment building of 1.1 psi for an assumed wind speed
of 1 m/sec and 1.2 psi for 2 m/sec. Ferrell et al., ff. Tr. 7136, at 6.
For a wind speed of one m/sec. and 550 feet the Staff calculated 2.1
psi. Tr. 7344 (Campe).

B-23. With respect to the postulated break in the ARCO pipeline,
Mr. Hasbrouck's scenario included the following: 42,000 gallons of
gasoline sprayed over 10,000 m? (approximately 108,000 ft.2), for which
he had no scientific basis, Tr. 5995, 6004, 6100-01, 6115 (Hasbrouck),
resulting in 10,500 gallons of gasoline in an explosive mixture. This
compares with Applicant's result of 90 gallons and the Staff's
conservative estimate of approximately 135 gallons. The sprayed patch
of brush and trees on the side of the hill supposedly would generate
dense vapor which then slides down the hill. This movement supposedly
sucks in fresh air which causes added evaporation. Thus the vapor
density supposedly powers a convection current down through the patch.
With an unlucky selection of slope, breeze, etc., this convection
current consists of an explosive aix;ure. i.e., any value between 1.3

percent and 6 percent by volume. Hasbrouck 1, ff. Tr. 5750, at 2-3.
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B-24. Other FOE postulates, i.e., two simultaneous explosions,
transport of a flammable mixture to the Schuylkill River and upstream
along the railroad track and suction by the cooling towers of an
explosive mixture out of Possum Hollow towards the plant, were similarly
unsupported. Tr. 5257-58 (Ferrell, Markee); Hasbrouck 2, ff. Tr. 5750,
at 3; Tr. 7352-53 (Hasbrouck); Tr. 7353, 7488-89 (Markee).

B-25. The Board assigns no credence to the FOE postulates and
resulting calculations of overpressure on the Limerick structures
resulting from a breach of the ARCO pipeline. Rather, the Board finds
that the peak positive reflectec pressure of 2.1 psi calculated by the

staff is conservative.

4. The Columbia Gas Pipelines.

a. Description of the Pipelines.

8-26. Columbia Gas Transmission Corp. operates two pipelines that
transport only natural gas (methane). These pipelines share a common
right of way and run parallel to each other 20 to 30 feet apart,
generally southwest to rortheast through Montgomery County, Pennsylvania
(See Fig. 1 at the end of this section). Pipeline No. 1278 is 14 inches
in diameter. It was constructed in 1949 and operates at a normal
pumping pressure of 750 psig and a maximum pumping pressure of 938 psig.
Pigeline No. 10110 is 20 inches in diameter. It was built in 1965 and
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operates at a normal pumping pressure of 1,100 psig and a maximum
pumping pressure of 1,200 psig. Each pipeline was constructed of steel
commensurate in thickness and grade with its maximum operating pressure
and, when constructed, was buried a minimum of three feet below grade.
Both pipelines are protected against corrosion by an impressed current
cathodic protection system wnhich prevents rusting in the same manner as
a battery cathode 1s protected. Brown, ff. Tr. 5261, at 3-4,

B-27. The nearest compressor stations (1;!.. pumping stations) to
the Limerick Station are the upstream Eagle Compressor Station, located
9.7 miles south of the point where the pipelines cross the Schuylkill
River (6,000 feet southeast from the Limerick Station structures) and
the downstream Easton Compressor Station located 44.4 miles north of
this point. The valves in the pipelines closest to the Limerick Station
are at the Schuylkill River and four miles north of the river for line
1278 and 4.3 miles north of the river for 1ine 10110. Id. at 6. These

are manual valves. Tr., 5330-31 (Brown).

B-28. Suction and discharge pressures are monitored at both the
Eagle and Easton Stations and by the gas control center at Bethel Park,
Pennsylvania. High pressures (938 psi on line 1278 and 1,200 psi on
Tine 10110) are designed to cause automatic shutdown of compressors.
Tr. 5322 (Brown). Low pressures (425 psi on 1ine 1278 and 770 psi on
line 10110) trigger alarms at the control centers and at the Eagle and

Easton Stations. Tr. 5321 (Brown). If a low pressure alarm occurred,




the compressor units would be shut down manually and no additional gas
would be introduced into the lines. Tr. 5288 (Brown). Under worse
conditions, where a line break or large leak occurs in the middle of the
night and crews must be called out, it was estimated that valves could
be closed and the flow of gas stopped within approximately two hours.
Brown, ff. Tr. 5261, at 6. Neither 1ine 1278 or line 10110 has
experienced any leak or rupture in the history of their operation. Id.
at 6. Breaks in other natural gas lines of similar design, structure
and usage have occurred. In 1960 a 30-inch pipeline operating at 936
psig suffered a linear fracture of approximately 625 feet. A fire
occurred at the moment of rupture, burning trees and landscape 400 to
500 feet on either side of the line, but no damage occurred beyond 500
feet. In 1982, a 10 inch pipeline operating at about 980 psi completely
severed, resulting in an instantaneous fire which burned trees and the
landscape 250 to 300 feet on either side. Brown, ff. Tr. 5261, at 6.

b. Contents of Pipelines.

B-29. The Columbia Gas pipelines transport only methane in the
gaseous state. There are no plans to transport either propane or butane
and the existing compressors would have to be replaced before these
materials, in either gaseous or liquid form could be transported in any
event. Tr. 5318, 5325-27, 5341, 5349-50 (Brown). Further, approval by
the Federal Energy (Regulatory) Commission would be required to
transport anything other than natural gas. Tr. 5349 (Brown).



€. Location of the Pipelines.

B-30. The Columbia Gas pipelines cross the Schuylkill River at a
point approximately 6,000 feet from the Limerick Station structures and
proceed approximately in a straight line somewhat north of northeast for
more than 2 1/2 miles. Staff Ex. 6, (SER) Fig. 2.6. The actual
location, at their closest approach to the Limerick site, is depicted in
Applicant's Ex. 18 from which it can be determined that the closest
approach is at least 3,400 feet. Applicant verified that the closest
approach is approximately 3,500 feet. Payne, ff. Tr. 5357, at 7-10.

His attempt to determine the possible error in the location of the
pipelines from comparison of a U.S. Geological Survey map and
photogrammetric interpretation of pipeline traces and Columbia Gas
Transmission Company plans indicated possible mean errors ranging from
15 to 51 feet. Payne, ff. Tr. 5357, at 8, 9. Intervenor FOE/Anthony
indicated that he had a lot of confidence in Applicant's site plan and
that even if the location of the pipelines were off by 100 feet, he
didn't think that would be a controlling factor. Tr. 5361 (Anthony) .

We agree.

d. Nature of the Release.

B-31. Disregarding the real‘*y or probability of a break in the
larger (20-inch) pipeline, for purposes of analysis a double ended
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rupture was assumed by the Applicant to occur at the closest approach of
the pipeline to each of the safety-related structures of the Limerick
plant. Boyer et al., ff. Tr. 8213, at 6, 7. For such a break it would
be possible for the entire contents of the pipeline between the Eagle
compressor station and the Easton compressor station to be released.
Since the gas is immediately dispersed in the atmosphere by its own
momentum, by diffusion and by wind, the nature of the cloud formed that
is potentially explosive depends upon the rate at which the gas is
released, not upon the total quantity released during an incident.
Thus, it is irrelevant whether or not the compressor stations are shut
down after the breaks. The rate of release of gas from a break depends
upon the size of the opening in the pipe and the sonic velocity o the
released gas. Walsh, ff. Tr. 5411, at 11.

e. Formation of Flammable Mixture.

8-32. When the gas is first released from the pipe, the
concentration of methane in air is too rich to be flammable or
explosive. As the gas disperses into a cloud, the concentration
decreases to the upper limit of flammability and continuing dispersal
reduces the concentration below the lower limit of flammability. The
flammable limits of natural gas are between 6 and 14 percent by volume
in air. Walsh, ff. Tr. €711, at 12. This dispersion is a continuous
process, so that for a constant rate of release of gas, a constant

stability condition and constant temperature of the ambient atmosphere



and a constant wind speed, a fixed region in space will result within
which the methane-air mixture will be within flammable limits. The
dimensions of this region define the amount of methane that could burn
or explode.

B-33. To calculate conservatively the potential blast and heat
effects on the Limerick structures, the Applicant made a number of
conservative assumptions. First, the maximum openings in the two ends
of the ruptured pipe were assumed to be the full cross-sectiona) area of
the pipe. Second, both pipe ends were assumed to be forced into a
vertical orientation. Any other configuration would result in
additional turbulence and consequent increased dispersion, causing the
point at which the methane-air mixture decreased below the flammable
limit to be further from the Limerick plant. Walsh, ff. Tr. 5411, at
11; Tr. 5424 (Walsh). Third, Applicant conservatively assumed an
atmospheric stability of Pasquill "F", an inversion condition.
Atmospheric conditions actually are more conducive to dispersion 95% of
the time. Fourth, Applicant assumed a one meter per second wind, moving
the gas cloud directly toward the Limerick Station, during Pasquill “F"
conditions, a situation that occurs only 0.004% of the time. Walsh, ff,
Tr. 5411 at 10, 11; Tr. 5432-35, 5458, 5470 (Walsh). If the wind were
blowing in any other direction, the effects of a potentiai detonation on
the Limerick facility would be less, since the location of the
detonation would be further from the Station. Similarly, if the wind

speed were higher, greater dilution of the methane-air mixture would



occur and the region of flammability would be further from the Station.
walsh, ff. Tr. 5411, at 12. Fifth, Applicant assumed the escaping gas
first rose above the ground level from momentum velocity to an elevation
of approximately 500 feet, before traveling toward the plant. Tr. 5421
(Wwalsh). This assumption results in the maximum concentration of the
methane-air mixture to occur as far downwind as possible. If the
mixture traveled at ground level there would be more mixing with air
which also would cause the region of flammability to be further from the
plant. walsh, ff. Tr. 5411, at 12; Tr. 5463-65 (Walsh).

B-34. The Applicant calculated the concentration of natural gas in
the atmosphere both downwind, crosswind and vertically as a function of
distance at 100 meter intervals downwind from the source of natural gas,
under the assumed conservative conditions. From the results of these

calculations, Applicant calculated the volume of the region in which the

methane-air mixture would be within explosive limits to be 3.74 x 10s
03- y

8/ \Volume of ellipsoid = V = 4 x abc/3, where a, b, ¢ are the lengths
of the semi axes. A = 840/2 = 429 m, b = 50/2 = 25 m and ¢ = 25/2 =
12.5 m, for the ellipsoid whose surface corr’sponds to the points where
the concentration of methane is at 4,31 x 10" micrograms/m?, the lower
explosive 1imit, A = 480/2 = 240 m, b = 35/2 = 17.5 m, ¢ = 20/2 = 10 m.
for the ellipsoid whose surface correspogds to the points where the
concentration of methane 1s at 1.01 x 10 micrograms/m?, the upper
explosive 1imit, Walsh, ff. Tr. 5411, Attachment 3, at 3-5,
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b. vertical rise of the gas column to 500 feet above plant
grade (where the momentum energy decays), without
dilution. Tr. 5428 (Walsh).

¢. natural gas clouds seldom, if ever, detonate in an
unconfined space.

d. it is difficult to hypothesize an ignition source to

- trigger a detonation in an elevated cloud.

B-37. FOE postulated a number of conditions which it alleged would
cause a flammable mixture to be transported to the vicinity of the
Station, i.e., Possum Hollow. These included the assumption of a
negatively buoyant (i.e., much colder than ambient) cloud being
‘ transported to reach the closest location to the Station. U roe
performed no calculations and did not provide any credible technical
basis to support this postulation. Tr. 5990-94, 6085-86 (Hasbrouck).
In fact, practical experience in purposely blowing down a natural gas
pipeline indicates a reduction in temperature of the gas of seven
_ qrees Fahrenheit per 100 psi reduction in pressure, but the gas does
. not stay cold because of immediate mixing with the air around it. Tr.
5298, 5346, 5353-54 (Brown); Tr. 5430 (Walsh).

2/ At 0°C the density of air fs 0.081 1b/ft; the density of methane is
0.085 1b/ft3. Walsh, ff. Tr. 5411, Attachment 3, at 1.
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after reaching Possum Hollow Run and then rising before detonation.
Hasbrouck 1, ff. Tr. 5750, at 3-4. In fact, he believed it was possible
for a flammable mixture to be caused by a break in the pipeline where it
crosses Possum Hollow Run and to travel 5,500 feet and remain in a
concentration that would be flammable. He did not have a technical
basis for this (scenario) and characterized it as half-baked. Tr.
6008-09 (Hasbrouck). The Board gives no weight to this testimony and
finds the testimony of the Applicant and Staff to be credible and
uncontroverted with respect to the overpressure and radiant .h,ut load
impacts of potential ruptures of the ARCO and Columbia pipelines on the
Limerick Station.

B-40. For further explication of the Applicant and Staff results of
overpressure calculations, we provide, as Figs. 2, 3 and 4, tabular
summaries of overpressure calculations. Boyer et al., ff. Tr. 8213,
Tables 1 and 11 and Staff Ex. 23. Using the correct value for TNT
equivalence, the maximum overpressure calculated by the Applicant was
8.3 psi from an air burst on the reactor building and diesel generator
building exterior walls (Fig. 3). The comparable calculations by the
Staff resulted in overpressures of 7.4 psi on the diesel generator
building Unit 2 exterior wall and 7.3 psi on the reactor building Unit 2
exterior wall (Fig. 4). Figure 2 values were calculated using the

conservative (by a factor of four) value for TNT equivalence.
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S. Radiant Heat Load Calculations.
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11 a. ARCO Gasoline Pipeline.
bk e IR R " e m\.
x HL m*m Applicn&anl the Staff calculated the radiant heat

ﬁ' uon the Lf-ﬂcl Suﬁu ufot,y related structures resulting from
ler.g pso"n released fm the ARCO pipeline. The Aoplicant's
n)uhtion assumed that the total amount of gasoline contzined in the

_L' iq bot-; high points adjacent to the break (4962 gallons) burned

i b,l} mutcs;»'. The ls-dmf:nﬁod was conservatively used tc maximize
th heat generation rate. Walsh, ff. Tr. 5411, at 8. Based on 20,000
Wl; of gascline, this would amount to,5.7i x 10% Bty released in 15
winutes or s® & rate of 2.28 x 10° Btu/hr. - 1d., Attachment 2, at 5-6.

' The rdunt.am be calemlated using the forwula, Id. at 5, .
4D (rmf'm* mn,sv,«- ot ‘
" 31 D distance in feet from flame midpoint to recepior
‘n- ' F = fyaction of beat radiated
AN Qe heat release in Btu/hr .

Ms wEke h.f. radfated in Btu/ft? hr, (-
f‘* W Dt QWIZ 57 & ‘* bar s>
"'iim 5 K- FY12.57 DRgPn ¢ f
£ For F = 0.30 (based on Butane values) - %

D = 800 feet, the distance to Possum Mollow Run in the
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direction in which the valley wall is least steep on the
Station side, to minimize the effects of shielding by the
valley wall,
K= 0.30 x 2.28 x 10°/12.57 x 6.4 x 10°
= 85 Btu/ft? hr. This 1s equivalent to approximately 270
watts/m?,

B-42. Applicant also calculated the radiant heat load on the Unit 2
reactor building arbitrarily assuming 21,000 gallons of gasoline burned
fn 15 minutes, a scenario it does not believe to be credible, to
demonstrate the effects of four times as much gasoline burned as in its
original calculations. Using the same method and 800 foot distance, the
result was 350 Btu/ft? hr, Walsh, ff. Tr. 5411, at 9. This would be
approximately 1100 watts/m2,

B-43. The Staff's calculation proceeded differently, It believes
that ignition of a gasoline vapor cloud would cause burning in less than
one minute, or would flash back to the point of fssuance of gasoline
from the pipe rupture. This was considered reasonable, since the liquid
gasoline on the hillside and along the creek would be rapidly consumed.
Ferrell et al., 7136, at 12. It believes the potential thermal effects
of such burning would be insignificant because of the distance from the
Unit 2 reactor building and because of the expected short duration of
the fire. ‘To estimate the radiant heat from a sustrined fire of the
gasoline i1ssuing from the rupture, it assumed a 100 foot diameter

-
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vertical column of burming gases located at the pipe break, l.e., at the
nearest approach of the pipeline to the Unit 2 reactor building, a
distance of 1625 feet. The result was 265 watts/m®. Ferrell et al.,
ff. Tr. 7136, at 12-13; Tr. 7431 (Ferrell), . ¢ . ».
Phee’ G i:d h iy {J- B, SR L 1%

B-44. The Staff noted that the average solar flux in Mashington,
D.C. 1s 170 watts/m* and che peak solar fiux in Albuquerque, N.M. is in
the range of 1000 to 1250 watts/m?. _1d. , A%ig ‘o
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B-45. The Board finds, based on the uncontroverted testimony of the
Applicant and Staff, that the radiant heat load on the safety ;'olatod

e

structures of Limerick Statiom resulting from burning gasoline released
from a rupture of the ARCO pip.olim will not pose an undue hazard to the
Station. ¥ ?&." e  Teke

- f*@ «,'.',' £
b. Columbia Gas Pipelines. ' .4 ¥ [ AL
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B-46. With respect to a Mtur!"of the Columbia 20" gas pipeline,
the Applicant calculated the radiant heat losad on the safety related
L B |
structures of the Limerick Statfon using the same formula, as above.

b & ‘ -
* & ! . pa’s % ‘4 T
2 ; ok tt_?n,‘bu ’ TOATHERY )
¢ B-47. Applicant assumed the heat release to be the volume of gas
»r
burned per second times the heat content released per unit volume, {.e.,
4800 ft3/sec x 1050 Btu/ft? = 5.04 x 10° Btu/sec or.1.814 x 100 Btu/hr.

Malsh, ff. Tr. 5411, Attachment 2, at 1. The record does not show the i




basis for the 4800 ft?/sec number, but the heat release clearly is
conservative, since the Applicant assumed extended burning of the vapor
cloud at its closest approach to the Station. Assuming that the cloud
burns at 1200 feet from the station

K = 0.25 x 1.814 x 10'9/12.57 x (1200)2
« 250 Btu/ft2-hr

B-48. The Staff also calculated the consequences of burning of
natural gas released from the 20" Columbia pipeline. It considered a
double ended rupture occurring at the closest approach (3500 feet) of
the pipeline to the Station, resulting in a natural gas fireball of 300
foot diameter and infinite height. The 300 foot diameter is believed by
the Staff to be characteristic of previous experience. Even if the
initia) diameter were larger, it would diminish in seconds and the Staff
analysis assumed sustained burning over a long period of time. The
infinite height was assumed for calculational simplicity. Tr. 7436-37
(Campe). The Staff concluded that the potential heat flux from a
burning natural gas cloud would be insignificant with respect to the
plant structures. Campe, ff. Tr. 6131 at 3. This conclusion is
corroborated by reference to Staff Ex. 14, NUREG/CR-1748, which
estimates the thermal radiation (mean emissive power) from a turbulent
methane flame to be 100 kw/m?. Using the formula, Id. at F-2,

For(%,)0 , where
¥ = radiant heat at the receptor
F = radiant heat at the flame edge



D = diameter of flame o
r = distance from flame to receptor A
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And using \n"connﬂltin value of ras 0.66, 1d. at F-3, a diameter of

i LY e
300 feet and a distance of 3350 feet, Yy
Fe w(aoo/mo)',i v
. 00.”2 B o.“ ot Ou h/.. ’W"‘ s 4
~ 530 w/m 3
oy '/- 3 ,‘.W#x oi%'

Station structures woul . be insignfficant. °

' ﬁ’~ ; R ..;m bn o Jt»

“"

8-50. in response to o request by the Board, the Applicant and
Staff mﬂmd the abilf ef safety-related structures at the Limerick
Generating Station to -1&:»4 the effects of postulated detonations
resulting from the u-ampwn of Ih ARCO and Columbia Gas
tnnuiuio‘; pipoliui!a Board -pv-nl an interest in both the
111y of the structures  withetand ‘sweh pestulated dutonstions ond
the margins of structural 'ufoty above the calculated blast
overpressures inherent in the design of the structures., Tr. 5934.35,
Evidentiary hearings on the ability of the structures to withstand the
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postulated explosions and the margins of structural safety took place on
March 8, 9, and 20-23, 1984,

B-51. In assessing the ability of a structure to resist the effects
of explosions, the effect to be considered is the resulting pressure on
the structure. This pressure (or overpressure) is in the form of a
shock-wave which expands through the air radfally from the center of the
explosion and diminishes with distance. As the shock wave impinges on
the structure, the structure will experience a structural loading. The
magnitude of the loadinj is measured in units of pressure -- commonly
pounds per square inch (psi). Given the size of the explosion in TNT
equivalence and the distance to a given structure, the overpressure on
the structure in psi can be calculated. The structure can then be
assessed as to 1ts ability to withstand the applied overpressure
loading. Both Applicant and Staff, using conservative explosion
scenarios, assessed the ability of the safety-related structures at the
Limerick Station to withstand the postulated explosfons. Boyer et al.,
£f. Tr. 8213; Ferrell, ff. Tr. 9041; Kuo and Romney, ff. Tr. 9043,

B-52. Applicant calculated the highest overpressures that would
result from the worst-case ARCO or Columbia Gas pipeline explosion on
the roof and exterior walls of each safety-related structure. Boyer et
al., ff. Tr. 8213 at 6-13. See Fig. 2 at the end of this section.
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B-53. The pressures resulting from the postulated rupture and
detonation of gasoline from the ARCO pipeline were always significantly
less than that resulting from an assumed detonation of the vapor from
the Columbia Gas transmission 1ine rupture. The maximum peak positive
reflected pressure from an ARCO pipeline explosion calculated by the
Applicant (Walsh) was found to be 1.9 psi. 1d. at 7.

B-54. For the postulated Columbia Gas pipeline rupture, both Staff
and Applicant utilized the methodology set forth in Reg. Guide 1.91
(Rev. 1), for determining TNT equivalency to hydrocarbons and graphs
provided in the Army Technical Manual TM 5-1300 "Structures to Resist
the Effects of Accidental Explosions.” 1d. at 6-11; Ferrell, ff,
Tr. 9041, at 2. Staff Ex. 7 and 20. The peak pressures shown as
design/assessment values for the Columbia pipeline explosion in
Applicant's Table | (see Fig. 2 at the end of this section), represent
the maximum pressures that would be developed assuming a surface burst
and a detonable mixture approximately four times that suggested by Reg.
Guide 1.91 (Rev. 1). Applicant recalculated the blast overpressures in
accordance with the guidance of Reg. Guide 1.91 (Rev. 1). The
recalculated values are shown in Columns 1 and 2 of Applicant's Table I
(see Fig. 3, attached), and are lower than the values in Table I. The
pressures used in Applicant's structural margin assessments were taken
from Table | and represent an additional conservatism. The highest
overpressure for a Columbia gas explosfion shown in Table | 1s 10 psi




while the highest value shown in Columns 1 or 2 of Table Il is 8.3 psi.
Boyer et al, ff. Tr. 8213, at 7, Table I and II.

B-55. Neither Staff nor Applicant agreed that the detonation of
unconfined or open-air natural gas cloud is a credible event. Ferrell,
ff. Tr. 9041, at 2 and Tr. 9066; Boyer et al., ff. Tr. 8213, at 5.
Uncontroverted evidence established that unconfined natural gas can only
be detonated with high energy sources such as TNT and even then with
difficulty. No such sources of energy are known to be available at the
Limerick site. Tr. 6157-58, 7423, 7450-52 (Campe).

B-56. Regardless of the evidence presented as to the improbability
of an open-air gas detonation, as a conservatism, both Applicant and
Staff assumed a gas explosion at a horizontal distance of 1200 feet from
the structure and at 500 feet elevation, the maximum height to which the
natural gas could rise as a result of momentum from the postulated
pipeline breach. The Board notes that no sources of ignition exist at
500 feet, let alone a source of sufficient energy to cause a detonation.
Boyer et al., ff. Tr. 8213, at 6, 8; Ferrell, ff, Tr. 9041, at 2.

B-57. Applicant also calculated overpressures assuming an afr burst
and a surface burst. From these calculations, Applicant determined that
estimated overpressure produced from the postulated TNT-loaded railroad
boxcar explosion used in the design basis and elevated natural gas



(500-foot elevation) explosions were greater than those of all other
postulated pipeline scenarios. Boyer et al., ff. Tr. 8213, at 11.

B-58. Staff and Applicant calculations for the 500-foot elevation
gas explosion and employing the guidance used in Reg. Guide 1.91
(Rev. 1) are in close agreement. Tr. 8815 (Walsh); Tr. 9067-8
(Ferrell). Any differences in the numbers are attributed to the é
analyst's accuracy in picking the numbers off the table in Army
Technical Manual T™ 5-1300. Tr. 8815 (Vollmer). The comparable values
are contained in Column 2 of Applicant's Table II and Column 1 of
Staff's Table 1 (Boyer et al., ff. Tr. 8213 and Staff Ex. 23, ff. Tr. .
9055 resp.). The largest difference between comparable Applicant and
Staff Columbia blast overpressure calculations was 1.0 psi (for the
reactor building wall). This is larger than might be expected to result
from inaccuracy in reading values from a graph. The difference might be
explained by the Staff's use of 1300 feet as the distance from the
structure. Ferrell, ff. Tr. 9041 at 7. It appears that Applicant used
8 horfzontal distance of 1200 feet in its calculations, not the slant
distance of 1300 feet. Boyer gt al., ff. Tr. 8213 at 6.

B-59. Staff calculations Indicated that the railroad boxcar
explosion generated greater overpressures than any postulated explosions
of either the ARCO or Columbia Pipeline ntorul.s. Ferrell, ff.

Tr. 9041, at 10 and Table 1 (Staff Ex, 23), ff. Tr, 9055. (Figure 4 of

this Decision.)
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- in Analysis of ins of ural Integrity to Postulated
Qverpressures.

8-60. After determining the critical overpressure for each
safety-related structure (Reactor Buildings and Diesel Generator
Buildings for Units 1 and 2, the Control Building and the Spray Pond
Pumphouse), Applicant identified the critical wall of each structure and
the critical element of that wall for detailed analysis. The critical
element selected was a one-foot wide beam element with fixed ends. This
is a conservative selection of the critical element because if the wall
slab had been evaluated as a whole rather than as a beam section,
considerable additional support would have been provided by the adjacent
walls. Tr. 8417, 8479-81, 9018 (Vollmer); Kuo and Romney, ff. Tr. 9043,
at 4,

B-61. Applicant then isolated the one-foot wide wall strip and
applied the highest determined overpressure as a uniform load on the
length of the strip. The criterion used for structural adequacy was the
ductility ratio of the element. Tr. 8822-23 (Wong).

B-62. The response of a structure or structural member to load 1s
deformation. Loading up to a certain level results in elastic
deformation. For any loading imposed up to the elastic 1* 't, the
structure will return to 1ts original shape when the load is removed.
Any loading greater than the elastic 1imit puts the material into the



plastic range and results in permanent deformation. Materials or
structural elements that have deformed into the plastic range will not
returr. to their original shape. Ductility is the ability of a structure
or structural member to deform beyond its elastic limit without
rupturing. The “"Ductility Ratio" 1s the ratfo of the total deformation
(elastic plus plastic) to the deformation that would occur at the limit
of the elastic range. Kuo and Romney, ff. Tr. 9043, at 5.

B-63. Applicant calculated the ductility ratios for the loaded
critical sections and compared the calculated values against the maximum
code allowable, which is forth set in Reg. Guide 1.142 as a mid-span
ductility ratfo of 3.0 and an end-point ductility ratio of 10. Tr. 8948

(Palaniswamy).

B-64, After applying the maximum blast overpressures to the
structures and calculating the ductility ratios, the ratios were
compared with the code-allowable value of 3.0 for mid-span and 10.0 for
the end-point ratfo. In all cases the determined ductility ratios were
within the 1imits established by the code. The highest mid-span ratio
calculated was 2.2 and the worst case end-point ratio was 2.9.

Tr. 8947-48 (Palaniswamy); Tr. 9069 (Kuo).

B-65. The Applicant then determined the blast overpressure that

would cause deformation up to a ductility ratio of 3.0 at mid-span and
compared that value with the calculated blast overpressure. The result
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was expressed as a percent of margin., Boyer et al., ff. Tr. 8213, at
13-15; Tr. 8822-24 (Wong).

B-66. Staff did not make independent calculations of ductility
ratios, margins, or shear and moment calculations of the safety-related
structures. They did, however, make a detailed review of the
assumptions, models, techniques and methodologies employed by Applicant
and found them to be appropriate and conservative. Kuo and Romney, ff.
Tr. 9043, at 3-4; Tr.. 9069-70, 9221 (Romney); Tr. 9206-08, 9221-23
(kuo) .

B-67. Regarding the conservatism of the bounding ductility ratio of
3.0 for mid-span deformation, tests have {ndicated that beam elements
such as the wall panel strips used in the structural analysis here, do
not actually fatl until they reach ductility ratios of 20 and beyond.
Tr. 9019-20 (Palaniswamy). The one-way slab analysis, used by Applicant
in 1ts assessment, rather than a two-way analysis, 1s conservative in
that no credit 1s taken for support from adjacent walls, If a two-way
analysis were to be used, the structural safety margins would be larger.
Tr. 920607 (Kuo); Tr. 8417, 9018 (Vollmer). The calculated safety
marging are not predicated on the ultimate failure threshold of the
structure. They are based on code values acceptable for structures of
the type considered here. Accordingly, some additional unquantified
safety margin above the calculated margins exist for these structures.
In Applicant's Table 11 (ff. Tr. 8213) (Fig. 3, attached), & comparison
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of Columns 3 and 4, respectively, which are the pressures calculated
using the conservative TNT equivalent (by a factor of four), with the
pressures used in structural assessment (Column §), margin is shown to
be available in both the reactor building and the diesel generator
building. For the control structure and the spray pond pumphouse the
values of four times the Reg. Guide values exceed the structural
assessment values. For those cases, using the proper TNT conversion
factor, margins do exist, as fs apparent from the values listed in
column 2 of Figure 3. Applicant's demonstration of a structural safety
margin for the reactor and diese) generator buildings even when using
four times the TNT - equivalent explosion suggested by Reg. Guide 1.91
(Rev. 1) 1s a significant edditional conservatism in assessing the
ddequacy of the Limerick structures to resist the effects of blast
Overpressures. Boyer et al., ff. Tr, 8213, at 12, 13; Tables | and 11,
ff. Tr. 8213,

B-68. Applicant also conducted an evaluation of the global response
marging inherent in the de' ign of the safety related structures at
Limerick. This evaluation consisted principaily of a determination of
the overturning moment and story shear on entfre Structures as a result
of the postulated explosions and a comparisen with the moments and
shears resulting from the design basis safe shutdown earthquake (SSE).
In esach case, the overturning moment and the story shear associated with
the SSE were found to be larger than that associated with the postulated
explosfons. Since the plant has been designed to withstand the safe
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shutdown earthquake loading values, there is more than adequate

structural capacity to resist the forces associated with the postulated

explosions. Global response safety margins were calculated by dividing
the SSE loading values by the loading values calculated as a result of
the explosions. Kuo and Romney, ff. Tr. 9043, at 8 and 9; Tr. 9361-62
(Kuo); Vollmer et al., ff. Tr. 8213, at 11; Tr. 8624-26 (Wong);

Tr. 8826-27 (Vollmer).

B-69. FOE alleged that the Applicant's margin analysis did not
consider the effects of deadload, vibratory loads, inside/outside
pressure and temperature differentials, hydrostatic pressure and
differentia) settlement on the safety-related structures at the Limerick
generating station. Testimony indicated that each of these factors was
adequately considered. Tr. 8368-83, 8442-54, 8463-73 (Wong, Boyer,
Vollmer, Palaniswamy, Walsh, Benkert); 9181-9247 (Romney, Kuo).

8-70. Regarding the consideration of gravity and deadload,
uncontroverted evidence established that the deadload consisting of the
weight of the walls and equipment Jttached thereto is transmitted to the
ground as a vertical compressive load. Since the forces associated with

the postulated explosions would act horizontally and thus perpendicular
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to the walls, the effuct of the deadload and the blast overpressure
would not be directly additive. Tr. 8442-45 (Volimer, Palaniswamy);
Tr. 9201 (Romney). Structural meabers are designed for combination of
deadload, Tiveload, earthquake and tornado loads. Forces resulting from
the appropriate ioad or ’cads are combined witn the blast overpressure
and were considered in the ma~gin calculations. 1r. 9236-37 (Kuo),

Tr. 9202-03 and 9245 (Romney). Applicant's witnesses further testified
that the compression resulting from deadlvad is actually beneficial in
terms of the ability of a structural w2li to withstand bending since it
acts as a pre-stress., Tr. 8445 (Pelaniswamy). The roof slab deadload
acts in the same direction as a downward acting blast Jressure and was
therefore considered 2dditive as appropriate. Tr. 837: (Valimer), Tr.
8442-43 (Palaniswamy), Tr. 8442-45 (Vo\ ~er),

B-71. FOE's allegation that vibratory load from equipment operating
within the reactor building was not considered in the structural
analysis was 1ikewise unsupported by the evidence. Tr. 8372-73
{Vollmer, Palaniswamy). Evidence indicated that vibratory loads were
considered and found o be negligible. Tr. 8374, 8378-79 (Palaniswamy).
Applicant's witnesses further testified that any portion of the
vibratory load not eliminated by the damping effect of the 13- to 2-foot
thick floors would primarily be transferred *rom the floor slab to the
supporting beams and columns, thus leaving the wall slabs largely
unaffected. Tr. 8375 (Boyer); Tr. 8377 (Wong). The roof slabs would
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not experience vibratory loading since there is no movihg equipment on

them. Tr. 8378 (Wong); Tr. 8378-79 (Palaniswamy).

B-72. FOE': claim that Applicant's margin analysis did not examine
pressure or temperature differentials between the interior and exterior
of the reactor building was also found to be without merit. The
evidence indicated that the reactor building is operated under a
negative pressure of about 0.0l psi to prevent releases from escaping
the building. Such a small pressure difference would have no effect on
the results of a detonation or on the margin analysis. Tr. 8446
(Volilmer). As regards temperature differences, the evidence indicates
that temperature loading is considered in the dasign of safety related
structures as required by Regulatory Guide 1.142, but is not required to
be considered in the analysis of blast overpressures. Tr. 9181-83
(Romney). Further, any difference between the inside and outside
temperatures would have a negligible effect on the margin analysis since
the containment wall is over thirty inches thick and is well insulated

from temperature changes. Tr. 8447-50 (Volimer).

5-73. Hydrostatic forces were considered in the design of below
grade walls of the safety related structures at Limerick. Tr. 8463-64
(Volimer); Tr. 9189-92 (Romney). Both Applicant and Staff testified
that hydrostatic pressure exerts force only on the portions of the wall
that are below grade level. Walls above grade level are not affected by

hydrostatic prescure. In evaluating the effects of an explosion on a
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building structure only the walls above grade need be considered. Tr.
8464, 9191-96, (Kuo, Romney); Tr. 8468-69 (Vollmer).

B-74. FOE's allegation that differential settlement was not
considered is without merit. Stresses that would be caused by
differential settlement were considered in the design of the structure.
The Limerick structures, however, are located cn a competent rock
foundation and on foundations of this type there is no differential
settiement. Tr. 8469 (Vollmer); Tr. 9215-17 (Romney).

b. Reactor Building Openings.

B-75. FOE postulated that the blast wave would enter the reactor
building through a nine-foot high by a forty-foot wide louver in the
south wall and/or a two-foot by two-foot roof opening of the reactor
building and damage the safety-related equipment and systems inside.
Both Applicant and Staff testified that the louver in the south wall is
not safety-related and opens into a compartment which houses non-safety
related HVAC equipment. Its failure would in no way affect the
integrity of the reactor building or the ability to safely shutdown the
facility. Tr. 9110-13 (Kuo, Romney, Lefave); Tr. 9132-33 (Kuo, Romney);
Tr. 8956-57 (Wong). Additionally, the walls surrounding the compartment
housing the HVAC equipment are one-foot thick and .ould resist any
residual overpressure that is not absorbed by the louver. Tr. 9114
(Kuo); Tr. 8955-58, 8965 (Wong). Applicant's calculations indicate that
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even if the pressure from an explosion were not absorbed in any way, by
the louver, inter-compartment walls or plenum, the average pressure
inside the reactor building would increase by no more than 0.016 psi and
would have a negligible effect on the building and any equipment
contained therein. Tr. 8965-66 (Walsh). By comparison it takes 0.1 psi
to break a normal house window. Tr. 8958 (Ashley).

B-76. The two-foot square roof opening in the reactor building
which is covered by a sheet metal blowout panel designed to relieve
pressure inside the building and does not serve any structural purpose.
Tr. 8959-60 (Wong). Even if the sheet metal blowout panel were
displaced, the resulting pressure differential would be insufficient to
dislodge any pipes that might be nearby and the pressure wave would
quickly be reduced to ambient as it expanded inside the large volume of
the reactor building. The increase in pressure within the building's
interior would be less than 0.01 psi. Tr. 8960-61 (Ashley); Tr. 8960-63
(Wong, Ashley).

B-77. The sheet metal buildings on the north and south sides of the
reactor building roof could conceivably be damaged by a postulated
natural gas explosion. These buildings, however, are not required for
the safe shutdown of the station and even if destroyed, would not

provide *- cpening into the reactor building since the conduits passing

between these buildings and the reactor building are sealed and would
not be affected by an explosion. Tr. 8969-70 (Wong).
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c. Effect of Detonation on Underground Structures.

B-78. Applicant and Staff also determined that the blast pressure
or deflagration would have no effect on underground related structures
or equipment since buried safety-related pipes and ducts must have a
minimum cover of four feet of soil or the equivalent in concrete or
other material. Kuo, Romney, ff. Tr. 9043, at 11; Tr. RRA4.55 {Soyer).
Four feet of soil or equivalent cover can withstand a minimum of 3,000
to 4,000 1bs. per sq. foot, which is an order of magnitude greater than
the load that would result in any of the postulated explosicns.
Similarly, the manhole and duct-to-bank Covers are at least that strong
since they are designed for high impact loads such as would result from
a tornado missile. Tr. 8805-06 (Wong); Tr. 8806 (Vollmer).

9. The Effects of a Postulated Cooling Tower Collapse.

B-79. FOE speculated that the cooling towers would rotate about
their base and overturn from explosive forces, thereby causing potential
damage up to a radius of greater than the 550 feet height of the towers.
Both Staff and Applicant testified that this event is highly unlikely
because the relatively thin shelled cooling tower structure is not
likely to maintain its rigidity as it collapses. Kuo and Romney, ff.
Tr. 9043, at 11; Tr. 9278, 9284-5 (Romney); Boyer et al., ff. Tr. 8213,
at 15, 16.
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B-80. Applicant postulated a concrete missile 5'x5'x1' resulting
from the failure of a cooling tower falling directly onto buried
safety-related piping. Using conservative assumptions (200 feet per
second velocity as compared to a free fa11 velocity of 188 feet per
second from the top of the 550-foot tower and orientation such that the
corner strikes the ground first), Applicant calculated that the concrete
section would only penetrate 2.8 feet into the soil and would not affect
the safety-related facilities buried below. The analysis further showed
that the impact would not overstress the buried pipes or concrete duct
banks due to compression. The analysis included the duct bank manholes
which would be adequately protected by their steel and concrete covers.
Boyer et al. ff. Tr. 8213, at 16-17. Staff agreed with Applicant's
analysis stating also that it is conservative in that the cooling tower
collapse would likely produce much smaller pieces of debris than assumed

by Applicant. Kuo and Romney, ff. Tr. 9043, at 11-12.

g-81. FOE then postulated several scenarios involving pieces of
cooling tower debris. One such scenario involved steel reinforcing rod
by itself or extending from a dislodged concrete section penetrating
greater than the 2.8 feet calculated hy Applicant and causing damage to
buried structures. Unrebutted evidence established that individual
steel rods will not fall separately or protrude in any significant
length from broken pieces of concrete. Tr. 8876 (Vollmer), Tr. 8877-77

(Buchert).
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B-82. FOE also speculated that the 70-foot tall column supporting
the cooling tower and the 500 kv transmission towers would also fail and
penetrate nearby buried safety-related structures. Evidence established
that the 70-foot cooling tower support columns weuld pivot on their
bases and fall, penetrating about one foot into the ground. Since the
nearest buried safety-related structures are one hundred feet away and
buried at a minimum of 4 feet or equivalent, they would not be affected.
Tr. 8913-14 (Vollmer); Tr. 8914 (Boyer); Applicant's witnesses testified
that even if the transmission towers failed, they would buckle and fold
over. The effect of their impact on falling would be less than the
missiles for which the buried safety-related ducts (e.g. power lines, to

spray pond) are designed to resist. Tr. 8923-24 (Vollmer); Tr. 9260
(Romney ).

B-83. FOE postulated failure of the walls of the cooling tower
basin and subsequent flooding of the turbine building and allowing water
to enter the reactor building and control building, preventing a safe
shutdown of the plant. FOE, in the alternative, postulated that even if
the walls of the cooling tower basin were to remin relatively intact,
cooling tower debris falling into the basin would result in increased
flooding. Both Staf“ and Applicant addressed the possible consequences
of water loss from the cooling tower basins. Each agreed that the worst
case scenario for a basin related flooding accident was a breach in the
south wall of the basin. Wescott, ff. Tr. 9045, at 2, 3; Boyer et al.,
ff. Tr. 8213, at 18. A complete breach of the basin wall ur a break in
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Lther than the south wall would send most of the flood water away from
the power block complex and towards the Schuylkill River or Possum
Hollow Run. 1d. Even in the event of a failure of the south wall of
sither basin, the circulating water pumphouse, which is between the
cooling towers and the power block complex, would tend to divert water
0 the east or west and away from the turbine building. Wescott, ff.
Tr. 9045, at 2.

g-84. Both Applicant and Staff assumed a 50-foot breach in the
basin wall and in order to maximize the amount of flooding in the
turbine building, each also assumed that all of the turbine building
main doors on the north side were open. Even with the north wall
turbine building doors open, Applicant calculated a water height rise of
about 4 feet. Because the walls of the reactor building and central
building are water or steam tight to above that level, there would be no
entrance for water into the category 1 structure and no adverse impact

on the ability to safely shut down the reactor. Tr. 9028 (Buchert).

B-85. Staff and Applicant also evaluated the possible effects of
erosion by escaping water on buried safety-related structures. Each
concluded that no adverse effects would occur. Wescott, ff. Tr. 9045,
at 4; Tr. 9324-25, 9335-36 (Wescott); Boyer et al., ff. Tr. 8213, at
19-20; Lefave, ff. Tr. 9047, at 2-3.
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10. Integritz of the Spray Pond.

B-86. FOE raised questions concerning the integrity of the spray
pond -- which is the ultimate heat sink for the Limerick decay heat
removal from the reactor cores -- with respect to missiles that could be
generated as a result of blast pressure from an explosion resulting from
a pipeline break. The Applicant testified that missiles generated by
destruction of the cooling towers could not reach the spray pond. Tr,
8900 (Vollimer). Mr. Vollmer was not aware of any other missiles from an
explosion that could reach the spray pond. Id. Missiles from an
explosion would not te similar to missiles from a tornado. Id. Because
the design explosion is an air blast, at an elevation of 500 feet above
ground, there is going to be a force radiated downward which would not
have a tendency to 11ft missiles up, as in a tornado which rotates them
and 1ifts them. 1d. at 8900-01 (Vollmer). Varfous structures that
appear in an aerial photograph around the towers would not be exploded
by an explosive force from a gas pipeline explosion and carried in the
direction of the spray pond. Id. at 8901. The photograph showed some
temporary structures, including a concrete batch plant that will be
removed as well as some old structures that were used for the
fabrication of the reactor vessel. (Tr. 8901 (Boyer). There is one
permanent one-story Butler-type building located somewhere exceeding 800
feet from the spray pond pur- house building. Since the spray pond pump
house was designed against tornado missiles failure of the Butler

building would have zero impact on the spray pond building. Id. The



Applicant estimated that whatever miss <5 were generated -- side

panels, disks or whatever -- might be c.cd 50 feet, but not to exceed
100 to 200 feet away from the buildinz. 4. at 8908. Mr. Boyer did not
think that sheet metal would have an. - "=2Ct on the spray pond fixtures

or the pipes leading to the fixtures. lc. at 8908-09. We agree.

B-87. The spray nozzles and the .~ "G within the spray pond are
safety-related. Tr. 9368 (Lefave). 7'~ ipplicant is doing a
probabilistic risk assessment of the tc-~ado event to determine the

probability of how many nozzles and t+:° = in the piping can be affected

by tornado missiles. 1d. Presumabiy. = = results will be evaluated

against the required function abilit; this system. The Staff
considers this to be an open item ir -~ review of externally-generated
missiles. SER Section 3.5.2. It was = ° conceivable to the Staff,
however, that the postulated pipeline ‘dents could generate missiles
which could impact the spray nozzles. ~ 15 conclusion was based on the
belief that the blast wave travels sc ~.-° that it would be unable to
pick up anything and carry it. Tr. & Romney). For a detonation of
56 tons of TNT the positive phase pu'.. ~ime of the blast wave at 1200
feet would be approximately 170 mili:.- ~@s. Staff Ex. 21.

B-88. The Staff had not, and dic . Know whether the Applicant
had, conducted an analysis of at pc” -ia) effects a blast wave would
have on the spray pond nozzles. Tr. ¢ ‘Romney). The Staff did think

they are strong enough to take the b’ ~ressure, since they and
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related piping are designed to withstand the safe shutdown earthquake
and because the pressure the blast wave would exert on the piping is not
going to be a pressure large enough to affect the structural integrity
of the piping system. Any effect would be rather small. Tr. 9371
(Kuo). The calculated pipeline accident blast pressure on the surface
of the spray pond water is approximately 1.9 psi. Tr. 92373 (Ferrell).

B-89. The Applicant also testified that if a cooling tower were to
fail from a blast from the southwest direction, it would collapse within
its own perimeter and would not reach the spray pond pump house. Tr.

9284, 9364 (Romney). A cooling tower has never failed as a rigid body.
Tr. 9341-42 (Romney).

B-90. We find that all of FOE's allegations and speculations of
sequences of events omitted from the Applicant's and Staff's analyses to
be without merit, Applicant has demonstrated reasonable assurance that
the safety-related structures at Limerick will withstand the postulated

pipeline accidents. Accordingly, FOE's contentions V-3a and 3b are
without merit. v
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DESIGN/ASSESSMENT VALUES

LOADING ON
STRUCTURE

POSITIVE PEAK

REFLECTED PRESSURE-PSIG

T
MARGINS (%)

OVER

N-5 DIRECTION
COMPARISON

OF GLOBAL

COLUMBIA

PIPELINE
NATURAL 645

EXPLOSION

ARCO READING
PIPELINE | RAILROAD
GASOLINE | BOX/TANK(AR

EXPLOSION | EXPLOSION
ROOF

BLD&. RESPONSE

EXPLOSION |SAFE SHUTDOWN
PRESSURES | EARTHQUAKE
OVER- |SIORY|OVER- ' [ STORY
TURNING| SHEAR|TURNING | SHEAR
MOMENT MOMENT

K K

Fi-K FIK
310" | 88630)151 x10” 10440

DESIGN/ ASSESSMENT
PRESSURE FOR
EXPLOSION

ExT. | ROOF |EXTWALL
WALL [cpn%3 Gl 2 og
Ne | 1

35
33

BUILDING

FACILITIES EXT.

WALL
NC

EXT. ROOF

WALL

ROOF

REACTOR BLD6.
UNIT 1|

REACTOR BLD6.
UNIT 2

DIESEL GEN. BLDG.
UNIT |

DIESEL GEN.BLDG.
UNIT 2

CONTROL BLDG.

NC | NC | NC 5.3 el

15
NC

NC | NC

S4 1.9

NC

-
1'.
18
NC

!9‘//0 ' N

NC ;| 57

1550° (8390

NC | NC

6.1 1.9

8330

|$BXI0°

—_—

NA

(I“{ 3.5

(lol___J

lo,0

- —

4.7

4.9
3.0

”~

?KXD,/'

'43//// ' P M
sl o T T L
Figure 2.

SPRAY POND
PUMPHOUSE

e —

4
q2xic

e —

Source: Boyer et al., Attachment

NOTES :

1. NC MEANS NOT COMPUTED. ELEMENT IS LESS CRITICAL THAN IN CORRESPONDING STRUCTURAL UNIT.
2. NA MEANS NOT APPLICABLE. THE ELEMENT OADING CASE DOES NOT EXIST @R APPLY TO THE
STRUCTURE UNDER CONSIDERATION.




SUMMARY OF PRESSURES RESULTING FROM
A NATURAL GAS PIPELINE DETONATION

TARE 11

COLUMN 1| COLUMN 2 COLUMN ) COLUMN & COLUMN S5
Press.re | R=G. GUIDE REG. GUIDE L x A x TWFESSURFS !
(P 1.91 REV. ) 1.9i REV. | | REG. GUIDE |REG. GUIDE USED IN
PSSl SURFACE AR SURFACE AIR STRUCTURAL
BURST BURST BURST BURST ASSESSMENT
EXT. EXT. cXF. EXT. XT.
BLDG. ROOF | WALL ROOF | WALL ROOF| WALL |ROOF |WALL ROOF |WALL
DIESEL
GEN. 1.9 5.8 3.9 8.3 4.0 | 13.0 | 2.5] 16.0} 6.7 16.4
REACTOR
BLDG. .2 5.8 2.8 8.3 2.6 13.0 | 5.2 16.0] 5.4 16.1
CCNTROL
STRUCTURE 1.6 | 5.0 |2.8 | 6.9 3.3 | 1.0 | 4.7| 16.0| 4.9 10.0
SPRAY
POND 0.8 2.5 1.2 3.3 1.8 | 5.0 1.4]1 6.0 3.0 5.0
PUMP
HOUSE
Figure 3.
Source: Boyer et al., ff. Tr. 8213, Attachment
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C. LEA 1-42: Environmental Qualification of Electric Equipment

C-1. LEA Contention [-42, admitted as respecified, states:

The Applicant has not shown compliance with the Commission's rule,
Environmental Qualification of Electric Equipment Important to
Safety for Nuclear Power Plants, Jan. 21, 1983, 48 FR 2729, 10
C.F.R. § 50.49. Particularly, it has neither established a program
for qualifying all of the electrical equipment covered by § 50.49,
nor performed an analysis to ensure that the plant can be safely
operated pending completion of equipment qualification, as required
by § 50.49(i). Failure to comply will threaten the health and
safety of the public.

I Summary.

C-2. Testimony by the Applicant and the Staff supports the
conclusion that the Applicant has an acceptable program, although not
completely implemented, for qualification of electric equipment
important to safety at Limerick, which is in compliance with 10 C.F.R. §
50.49, as adopted in January 1983. This testimony described how items
to be qualified were identified and how the program was developed and
implemented. Proper identification was assured by an independent
verification program conducted by a qualified contractor. The Staff's
review, while also not complete, verified the adequacy of the program.

C-3. Based on qualification efforts so far, it i~ not anticipated
that completion of the program would identify any components not
properly qualified. Should this occur, however, the Applicant would
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then have to perform and have approved by the Staff an analysis, as
required by Section 50.49(1) to ensure that the plant can be safely
operated pending completion of equipment qualification. Such an
analysis is called a Justification for Interim Operation (JI0) by the
Staff. Subject to that possibility, we find that the Applicant has met
its burden of proof on this contention by demonstrating, (1) that it has
a proper program in place for qualifying all of the electrical equipment
covered by Section 50.49; and (2) that those particular components of
concern to LEA, as set forth in the bases for the contention, have been

properly considered by the Applicant.

;:\é C-4. The Applicant and the Staff provided expert witnesses and
testimony; LEA and the City of Philadelphia cross-examined these
witnesses, but did not provide their own witnesses. Evidentiary
hearings were held on April 9 and 10, 1984, in Philadelphia,
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Pennsylvania.

2. Compliance with the January 1983 Environmental Qualification Rule.

C-5. As a framework for discussing the merits of this contention,
we begin by considering the state of compliance of the Applicant with
the subsections of 10 C.F.R. § 50.49, adopted in January 1983, as
applicable to the contention.
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C-6. Section 50.49(a) states each applicant for a license to
operate a nuclear power plant shall establish a program for qualifying
the electric equipment defined in paragraph (b) of this section.
Section 50.49(b) states that electric equipment important to safety

covered by this section is:
(1) Safety-related electric cquiplnntgjz This equipment is that
e relied upon to remain functional during and following design
v basis events to ensure

(1) the integrity of the reactor coolant pressure boundary,

(1) the capability to shut the reactor down and maintain it
in a safe shutdown condition, and

(i111) the capability to prevent or mitigate the consequences of
sccidents that could result in potential offsite
exposures comparabie to the 10 C.F.R. Part 100
guidelines. Design basis events are defined as
conditions of normal operation, including anticipated
operational occurrences, design basis accidents, external
events, and natural phenomena for which the plant must be
designed to ensure functions (1) through (ii1) of this
paragraph.

(2) Nonsafety-related electric equipment whose failure could
prevent satisfactory accomplishment of safetly functions
: specified in subparagraphs (1) through (i11) of paragraph
. (b)(1) of this section by the safety-related equipment.

(3) Certain post-accident monitoring equipment. (Footnote omitted)

3/ safety-related §lectric equipment is referred to as "Cl.:s IE"
equipment in IEEE (standard) 323-1974.

C-7. LEA asserts, in part a) of its Basis for the contention, that
Applicant's environmental qualification (EQ) program, designed prior to
jssuance of the new rule, was designed to qualify safety-related
equipment only (and therefore does not include nonsafety-related
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equipment whose failure under postulated environmental conditions could
mislead the operator or otherwise prevent satisfactory accomplishment of
specified safety functions, and certain post-accident monitoring
equipment). Applicant argues that even though its program for EQ was
designed before the promulgation of the new rule, because of its
anticipation of the new requirements and because of its conservative
equipment classification practice, its program does comply with the new
rule. Boyer et al., ff. Tr. 9529, at 1-2. Further, Applicant avers
that all Limerick equipment within the scope of 10 C.F.R. 50.49 will be
qualified by the fuel load date. I1d. at 4,

C-8. LEA, also in part a) of its Basis, asserts that the Applicant
should promptly develop a 1ist of the equipment at Limerick, subject to
Section 50.49(b)(2), that is “important to safety" (and not just
safety-related) and that will be tested in fts EQ program as required by
Section 50.49(d). Examples given by LEA of systems or equipment that
should be reviewed for inclusion in the Applicant's EQ program were the
feedwater control, emergency lighting and communications systems, the
plant process computer system, and computer software.

C-9. The Limerick Project "Q-List" was developed and established
as the controlling document identifying the safety-related structures,
systems and components [including electric equipment] to meet the
requirements of Section 50.49(b)(1). Id. at 4-5,




C-10. The Applicant testified that there is no equipment at

Limerick in the subset Section 50.49(b)(2). Id. at 3, 7. The
interfaces between safety-reiated electrical components are evaluated as
part of the plant design process. Whenever cases are identified in
which failure of nonsafety-related components could prevent attainment
" of the safety function objectives, they are eliminated by implementing
design modifications or by adding (such components) to the Project
Q-List and qualifying them as necessary. The Electrical Equipment
Separation Program is an example of such an interface evaluation. Id.
at 7. A1l electrical equipment on the Q-List 1is reviewed to determine
its environmental qualification requirements. [f the electrical
equipment is determined to be located in a harsh environment, the

appropriate environmental qualification parameters for the component are

identified. Id. at 8.

C-11. "Certain post-accident monitoring equipment" is defined by
the footnote to Section 50.49(b)(3), which references Regulatory Guide
1.97, “Instrumentation for Light-Water Cooled Nuclear Power Plants to
Assess Plant and Environs Conditions During and Following an Agident."
This Guide defines three categories of design and qualificationl:
criteria. Category 1 criteria are similar to the criteria applicable to

safety-related systems. Category 2 criteria include selected criteria

normally associated with saf-‘y-related systems, but the same

environmental requirements as Category 1. Category 3 criteria specify
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only a high quality commercial-grade installation, for which there are
no environmental qualification requirements. I1d. at 5-6.

a. Independent Component Classification Program.

C-12. To assure the fdentification, in the Limerick Environmental
Qualification Program, of all electrical equipment required to perform a
safety function, the Applicant contracted with Quadrex Corporation to
perform an independent verification, the Component Classification
Program. Boyer et al., ff. Tr. 9526, at 9. Quadrex had conducted five
identical independent review analyses of the overal) environmental
cualification programs at other nuclear power plants prior to the
Limerick program. Tr. 9551 (Stanley). The extensive effort at Limerick
showed that of the approximately 30,000 components considered, of which
approximately 1600 were different (i.e., non-identical) electrical
items, 16 differences in electrical equipment classification from the
original Applicant architect-engineer classifications were fdentified.
Nine of the 16 components were found to be located in a mild
environment. Four of the 16 were to be reclassified as not requiring
environmental qualification. The renaining three are included in the EQ
Program. Boyer et al., ff. Tr. 9526, at 22-23; Tr. 9622-23 (Boyer).

C-13. A comparison of the Component Classification Program (CCP)
rules against Section 50.49 was performed and it was determined that the
classification rules fully complied with the requirements of Section
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C-10. The Applicant testified that there is no equipment at
Limerick in the subset Section 50.49(b)(2). 1d. at 3, 7. The
interfaces between safety-related electrical components are evaluated as
part of the plant design process. Whenever cases are identified in
which failure of nonsafety-related components could prevent attainment
of the safety function objectives, they are eliminated by implementing
design modifications or by adding (such components) to the Project
Q-List and qualifying them as necessary. The Electrical Equipment
Separation Program is an example of such an interface evaluation. Id.
at 7. A1l electrical equipment on the Q-List is reviewed to determine
its environmental qualification requirements. [f the electrical
equipment is determined to be located in a harsh environment, the
appropriate environmental qualification parameters for the component are

identified. ld. at 8.

C-11. "Certain post-accident monitoring equipment" is defined by
the footnote to Section 50.49(b)(3), which reference: Regulatory Cuide
1.97, “Instrumentation for Light-Water Cooled Nuclear Power Plants to
Assess Plant and Environs Conditions Luring and Following an Accident.”
This Guide defines three categories of design and qualification
criteria. Category 1 criteria are similar to the criteria applicable to
safety-related systems. Category 2 criterfa include selected criteria
normally associated with safety-related systems, but the same
environmental requirements as Category 1. Category 3 criteria specify
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only a high quality commercial-grade installation, for which there are

no environmental qualification requirements. Id. at 5-6.

a. Independent Component Classification Program.

C-12. To assure the identification, in the Limerick Environmental
Qualification Program, of all electrical equipment required to perform a
safety function, the Applicant contracted with Quadrex Corporation to
perform an independent verification, the Component Classification
Program. Boyer et al., ff. Tr. 9526, at 9. Quadrex had conducted five
identical independent review analyses of the overall environmental
qualification programs at other nuclear power plants prior to the
Limerick program. Tr. 9551 (Staniey). The extensive effort at Limerick
showed that of the approximately 30,000 components considered, of which
approximately 1600 were different (i.e., non-identical) electrical
items, 16 differences in electrical equipment classification from the
original Applicant architect-engineer classifications were identified.
Nine of the 16 components were found to be located in a mild
environment. Four of the 16 were to be reclassified as not requiring
environmental qualification. The remaining three are included in the EQ
Program. Boyer et al., ff. Tr. 9526, at 22-23; Tr. 9622-23 (Boyer).

C-13. A comparison of the Component Classification Program (CCP)
rules against Section 50.49 was performed and it was determined that the
classification rules fully complied with the requirements of Section
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50.49, even though they were prepared and implemented prior to
publication of the new rule. This determination was also based on a
comparison of the CCP rules with draft Regulatory Guide 1.89, Rev. 1,
Qualification of Class 1t Equipment for Nuclear Power Plants. Boyer et
al., ff. Tr. 9526, at 23.

3. Systems Excluded from the EQ Program.

C-14. As a part of the basis for its Contention I-42, LEA asserted
that the emergency lighting system, inplant communications system, plant
process computer system and computer software were examples of systems
that were improperly excluded from PECo's qualification program. The
evidence indicated that the exclusions were proper in that the systems
cited by LEA are not important to safety as the term is used in 10
C.F.R. § 50.49; that is, they are not relied on during a design basis
a.cident in areas subject to a potentially harsh environment and their
failure would not prevent achievement of safety function objectives.

Boyer et al., ff. Tr. 9529, at 11-15; Masciantonio, ff. Tr. 9640, at
7-8.

a. ighting S .

C-15. The Applicant testified that this system was not included in
the CCP because it 1s not safety-related as defined by Section 50.49, it
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is not relied upon to provide 1ighting during a design basis accident in

areas which could produce a harsh environment, and its failure could not

prevent achievement of the safety function objectives defined in

subparagraphs (1) through (i11) of Section 50.49(b)(1). Boyer et al.,

ff. Tr. 9526, at 12. The Staff concurs. Masciantonio, ff. Tr. 9640,

at 7. .

b. In-plant Communications Systems.

C-16. The Applicant testified that these systems were not included
in the CCP because they are not safety-related, they are not relied upon
during a design basis accident in areas that could produce a harsh
environment, and their failure could not prevent the achievement of the
safety function objectives defined in subparagrarhs (1) through (i11) of
Section 50.49(b)(1). Boyer et al., ff. Tr, 9526, at 13. The Staff
concurs. Masciantonio, ff. Tr. 9640, at 7.

c. The Plant Process Computer System.

C-17. The Applicant testified that this system and the computer
software were not reviewed because the computer is not safety-related;
it is not relied upon to provide information during a design basis
accident in areas that could produce a harsh environment, and its

failure could not prevent achievement of the objectives defined in
subparagraphs (1) through (111) of Section 50.49(b)(1). The computer
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software has not been reviewed because it is outside the scope of

Section 50.49. Information obtained via the plant process computer is

rot required during or following these accidents. The computer system 1
interfaces with other systems that are safety-related, but these ‘
electrical interfaces are designed in compliance with Regulatory Guide

1.75, "Physical Independence of Electric Systems." Boyer et al., ff.

Tr. 9526, at 14. The Staff concurs. Masciantonio, ff. Tr. 9640, at 7.

d. Feedwater Control System.

C-18. *The Applicant testified that this system was included in the
CCP. The review showed, however, that it contains no equipment having a
safety function as defined by Section 50.49. Boyer et al., ff. Tr.
9526, at 14-15. The Staff concurs. Masciantonio, ff. Tr. 9640, at 7.

e. Standby Liguid trol

C-19. The Applicant testified that the squib values, in this
system, have been added to the EQ List of Equipment Important to Safety.
Boyer et al., ff. Tr. 9526, at 3. The Staff concurs. Masciantonio, ff.

Tr. 9640, at 10.

C-20. The keylock switch is located in the control room which 1s

maintained by a safety-related ventilation system and therefore is not




subject to harsh ervironments. Boyer et al., ff. Tr. 9526, at 21. The
Staff concurs. Masciantonio, ff. Tr. 9640, at 10.

f. Human Interaction Problems.

C-21. In part b) of its Basis for its contention, LEA contends that
failure of nonsafety-related valves, but which are important to safety,
could mislead an operator into miscategorization of an accident for
emergency planning purposes. Since there is no electrical equipment in
the class defined by Section 50.49(b)(2), this could not happen for such
equipment. With respect to the post accident monitoring eqyipment
defined by Section 50.49(b)(3), the operators will be directed by
written procedures to rely only on the equipment that is qualified in
accordance with Regulatory Guide 1.97, Rev. 2, if the equipment is
subjected to a harsh environment, and thus will not be misled by
unqualified equipment. Boyer et al., ff. Ir. 9526, at 3, 25-32.

C-22. The Limerick-specific Transient Respense Impleme tation Plan
(TRIP) procedures are initiated and keyed to entry condition symptoms to
treat these symptoms and are specific ¢o Limerick. The procedures are
organized in such a manner as to control those plant parameters
important for protecting the plant safety barriers against the release
of radioactive materfal to the environment. Whenever a symptom
develops, the operator immediately enters the applicable procedure and
takes the corrective action directed by the procedures, until its exit
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conditions are satisfied. If the particular transient continues to
degrade, the operator enters contingency procedures to handle the more
degraded conditions until he can return to the main procedures. Boyer

et al., ff. Tr. 9529, at 25-27.

C-23. Review of the listing of Reg. Guide 1.97 instrumentation
reveals that all entries into the TRIP procedures are monitored by
environmentally qualified instrumentation. The impact on execution of
TRIP procedures is minimal since the qualified instrumentation that must
be used is either the instrumentation which the operator would normally
choose to use under those conditions or the only qualified
instrumentation available to monitor the parameter. The operator is
specifically instructed in the TRIP procedures to utilize only certain
instrumentation in the event of an indication of adverse environmental
conditions. In accordance with the requirements of Reg. Guide 1.97, the
applicable instrumentation will be M'thghud by special markings on
the control panel to aid in its identification and assure that only such
instruments will be used under the circumstance of adverse environmental
conditions. Boyer et al., ff. Tr. 9529, at 28-30; see Tr. 9601-10
(Doering).

C-24. Many TRIP procedures use only environmentally qualified
instrumentation. However, that instrumentation may cover a broader
range than non-qualified equipment and may, therefore, be less precise.

The instrumentation an operator normally relies on is generally
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restricted to a narrow band around the operating range and is,
therefore, more exact. Absent an indication of actual adverse
environmental conditions in the reactor building, the operator is not
restricted to the use of environmentally qualified instrumentation. Tr.
9607-09 (Doering); Masciantcnio, ff. Tr. 9640, at 8.

C-25. A “human interaction review," per se, is not a requirement of
Section 50.49. 1d. at 8.

4. Aging of Equipment.

C-26. In part c) of its Basis, LEA cintends that where the
qualified life of a piece of equipment dees rot equal the 40 year plant
life, no action is identified to correct the deficiency. The
environmental qualification of elestrical (and other) equipment is
contingent upon replacing such equipment at the end of its designated
life and upon performing required maintenance during its designated
life. The Limerick Plant Staff Maintenance Group has a systematic
program to determine required replacement intervals for the equipment
whose designated life is less than 40 years and to define the
maintenance and frequency thereaf for equipment whose environmental
qualification is required to be sustained. Boyer et al., ff. Tr. 9526,
at 32-35; Masciantonio, ff. Tr, 9640, at 9.
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5. Completeness of EQ Program.

C-27. At the time of hearing the Applicant's EQ Program was 95
percent complete. Final completion was anticipated to occur in June
1984, For the remaining five percent, the work on the qualification
packages was sufficiently along the way that an informed judgment was
that there would be no unqualified equipment for which a Justification
for Interim Operation would be requested. Tr. 9617 (Boyer).

6. Staff Review of the Limerick EQ Program.

C-28. The Limerick EQ program is reviewed by the Staff for
completeness, accuracy and conformance -- to determine proper definition
of the scope of the program, proper definition of postulated
environments, and demonstration of qualification in accordance with NRC
rules and regulations, which include 10 C.F.R. § 50.49, Regulatory Guide
1.89 (Qualification of Class 1€ Equipment for Nuclear Power Plants),
NUREG-0588 (Interim Staff Position on Environmental Qualification of
Safety-Related Electrical Equipment) and Institute of Electrical and
Electronics Engineers (1EEE) standards. Masciantonio, ff. Tr. 9640,
at 4. In addition, the Staff reviewed the total number of components
an¢ equipment types in the Limerick EQ program as compared to other
plants of similar design to assure consistency, and reviewed the process
used for selecting components, as described in the EQ report. 1d. at 6.

Conformance to Section 50.49(b)(2) concerning nonsafety-related
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equipment whose failure under postulated accident conditions could
prevent the satisfactory accomplishment of safety functions is
determined by the Staff's review of Limerick with respect to the issues
in IE Information Notice 79-22 (Qualification of Control Systems) and
conformance with Regulatory Guide 1.75 (Physical Independence of

Electric Systems). 1d. at 6. Tr. 9665-66, 9678-79 (Masciantonio). See

also Tr. 9683-88 (LaGrange). The Staff review of conformance of
Limerick to Regulatory Guide 1.75 is complete and Limerick has been
found acceptable. Id. at 7. Tr. 9709 (LaGrange, Maiciantonio). Review
of the Applicant's response to Information Notice 79-22 (Qualification
of Control Systems) was not yet complete. Id. at 7. The Staff
testified that similar reviews, which analyze the effects of high energy
line breaks on the interactiors between nonsafety-related and
safety-related components, hid been completed for several plants and it
had no reason to believe it would be a special problem for Limerick.

Tr. 9710 (LaGrange). In addition, the Staff had not completed its
review of the pressure-temperature profile following a loss of coolant
accident submitted by the Applicant. This "profile" is substantially
Tower than for typical boiling water reactors that have been reviewed
and therefore needs special Staff review. Tr. 9711-12 (Masciantonio).
The equipment has been environmentally qualified against the Applicant's
proposed profile. Tr. 9712 (LaGrange).

C-29. An audit of the Applicant's Equipment Qualification files,
including a plaﬁt walkdown, was conducted by the Staff, primarily to
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verify the bases of the information submitted. Twelve EQ files,
representing approximately 10 percent of the equipment items in the EQ
program, were selected for detailed review. In all cases it was
determined that adequate proof of qualification was provided to
establish qualification as claimed. Masciantonio, ff. Tr. 9640, at ll.

C-30. The Staff has determined that the Applicant has established a
program for qualifying electric equipment important to safety within the
scope of Section 50.49, but its review is not complete and no approvai
of the program has been issued. Its review was expected to be complete
within a few months (from April 1984). 1d. at ll. Should there be any
unqualified equipment, Applicant will be required, according to Section
50.49(i), to perform an analysis to ensure that the plant can be safely
operated pending completion of environmental qualification. This
analysis (Justification for Interim Operatipn) must be submitted and
approved by the Staff before the Staff would support issuance of a

license. Id. at 12.

7. Discussion.

C-31. LEA would have the Board find in its favor that there is no
basis in the present record for a finding that Limerick is in compliance
with 10 C.F.R. § 50.49. Further, it would have us retain jurisdiction

until several actions by the Applicant and Staff are taken as
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preconditions for a finding of such compliance. LEA's proposed findings
(June 21, 1984), at 13. Applicant and Staff would have us find, on the

basis of the present racord, that the Applicant has fully complied with

the requirements of Section 50.49. App. PF (June 8, 1984), at 26; Staff
PF (July 2, 1984), at 19.

C-32. Al parties agree that Applicant's EQ prugram has not been
completely implemented and Staff's review is not complete. Prior to the
time of hearing Staff had received a report from the Applicant
indicating that approximately 80 percent of the equipment items as being
qualified. (As noted in finding C-27 above, at hearing the Applicant
stated that its program was 95 percent complete, although all of this
had not been officiaily reported to the Staff.) The Staff Safety
Evaluation Report (SER) will nct be closed out until full compiiance
with Section 50.49 has been demonstrated. Tr. 9698 (Masciantonio). The
Staff must conclude that compliance with the requirements of Section
50.49 has been demonstrated before an operating license is issued.
Masciantonio, ff. Tr. 9640, at 14.

C-33. When governing statutes or regulations require a licensing
board to make particular findings before granting an applicant's
requests, a board may not delegate its obligations to the Staff. The
responsibilities of the boards are independent of those of the Staff
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under the Commission's system, and the boards' duties cannot be

fulfilled by the Staff, however conscientious its work may be. §/

C-34. Applicant argues that the prerequisite to the issuance of a
decision in a case such as this where the Staff's review is not yet
complete, is a basis in the present record on which to reach an informed
conclusion, citing Cincinnati Gas and Electric Company (Wm. H. Zimmer
Nuclear Power Station, Unit 1), LBP-82-68, 16 NRC 741, 748 (1982). In
that case, however, the Board found that "[w]e have nc basis in the
present record on which to reach an informed conclusion with regard to
the FEMA (emergency planning) review. Consequently, we require that the
results of the FEMA review be served on the Board and parties ees”s The
Applicant also claims there is specific precedent for the action it
seeks -- post-hearing resolution of this matter by the Staff -- in t.e
Shoreham proceeding. In that proceeding, the Atomic Safety and
Licensing Board (two of whose members also serve on the instant board)
found that in the area of environmental qualification the deficiencies
were minor and would be resolved by the Staff subsequent to the Board's
order, but prior to issuance of a license. Long Island Lighting Company
(Shoreham Nuclear Power station, Unit 1), LBP-83-57, 18 NRC 445, 544

§/ Cleveland Electric llluninatina Cgs;gni (Perry Nuclear Power Plant,

Units 1 an " -298, " 975). See Vermont Yankee

Nuclear Power COrgs (Vermont Yankee Station), ALAB=174, & AEC 358, 360,
- s N .
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(1983). Consequently, the Board concluded that the environmenta)
qualification program and the intended further revisions to implement

Section 50.49(b)(2) were acceptable.

C-35. On the basis of the evidence before us we can and do conclude

that the Applicant has established, in the words of the contention, an -
acceptable program for qualifying all of the electrical equipment
covered by Section 50.49. Classification of components by the v

Applicant, verified by an independent contractor and audited by the
Staff, with no evidence of any component currently improperly qualified,
gives us a basis to reach an informed conclusion with respect to the

adequacy of the program for compliance with Section 50.49,

C-36. Implementation of the EQ program admittedly is incomplete.
It is a close question, in our view, whether we can conclude, based on
the present record, that the remainder of the implementation, including
Staff review, constitute minor procedural difficulties (333 Consolidated

Edison Co. of New York) (Indian Point Station, Unit No. 2), CLI-74-23, 7

AEC 947, 951 (1974), or minor documentation deficiencies (see Shoreham,

supra). :

C-37. The Appeal Board, relatively recently, had occasion to deal
specifically with the question of reliance on predictive findings and
post-hearing verification, albeit in the context of contentions with
respect to emergency planning. Louisiana Power and Light Company
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(Waterford Steam Electric station, Unit 3), 17 NRC 1076, 1103 (1983).

First, the Board said:

We are in agreement with the basic principles upon which Joint
Intervenors rely. The Commission, in fact, has long held that,
“[a]s a general proposition, issues should be dealt with in the
hearings and not left over for later (and possibly more informal)
resolution.” Consolidated Edison Co. of New York (Indian Point
Station, Unit No. ¢), -78-23, s 1974). “[Tlhe
'post-hearing’ approach should be employed sparingly and only in
clear cases" - for example, where “minor procedural deficiencies"”
are involved. Id. at 952, 951, n.8. Accord, Marble Hill, supra, 7
NRC at 318; Cleveland Electric I1luminatin . rry Nuclear
power Plant, Units 1 an . 30, 736-37 (1975);

Wwashington Public Power Su S sten'sﬂanford No. 2 Nuclear Power
Plant), KLAB-113, 6 AEC 25%. 552 (1973).

C-38. Second, the Board noted that the Commission takes a slightly

different course with respect to emergency planning:

At one time, the Commission's regulations required a finding
that "the state of onsite and offsite emergency preparedness
provides reasonable assurance that adequate protective measures can
and will be taken in the event of a radiological emergency." 10
C.F.R. § 50.47(a)(1)(1982) (emphasis added). In July 1982, the
Commission amended this provision by clarifying that “the findings
on emergency planning required prior to license issuance are
predictive in nature and by eliminating the reference to the

"state" of emergency preparedness.

c-39. In the Waterford case the Appeal Board did allow predictive
findings in five areas of emergency planning, but made no such

concession on other issues.



- O =

C-40. The record may be summarized as follows. The evidence shows
that the Applicant has established a program for qualifying all of the
electrical equipment covered by Section 50.49. No equipment specified
by LEA in the bases for its contention has been shown to be
misqualified. The program has been audited by the Staff and found
acceptable. With respact to the five percent of the EQ program yet to
be completed, there is reasonable assurance that it will be completed in
compliance with Section 50.49, based on the adequacy of the program
itself and the Staff commitment to conclude its review of the entire
program prior to issuance of a license. Further, the work on the
remaining five percent was sufficiently far along that an informed
Judgment by the Applicant was that there would be no unqualified
equipment for which a Justification for Interim Operation would be
requested (thus obviating the need for any analysis required by Section
50.49(1)).

C-41. With respect co completion of the Staff review of the
Applicant's response to questions related to IE Information Notice
79-22, there is reasonable assurance that this will be completed to the
Staff's satisfaction. Similarly, there is reasonable assurance that the
Staff review of the temperature and pressure behavior following a loss
of coolant accident will be completed to the Staff's satisfaction. LEA
raised no particular concern with either of these Staff reviews, other
than the general complaint of incompleteness. If the results of the

Staff review of Applicant's response to IE Information Notice 79-22 show




a high energy line break interaction which was not designed for, then

additional components may have to be included in the environmental
qualification program (in the absence of design changes to correct any
such interaction). This still does not detract from our finding that
the allegation in the contention, of the lack of a proper environmental
qualification projram, is without merit. Similarly, if the results of
the Staff review of the temperature and pressure profile following an
accident show that those parameters would be higher than assumed for the
£Q program, then the environmtntal.qualification of the affected
components will have to be reanalyzed by the Applicant, following the
same approved program, but against different postulated temperature and

pressure conditions.

C-42. we find that we cannot strictly characterize the incomplete
aspects of the Applicant's implementation of its EQ program and the
Staff's review thereof as minor procedural or documentatioral
deficiencies. Within the scope of the contention as worded, however, we
can and do find that this is a clear case where reasonable assurance
exists that the Applicant will comply with Section 50.49 before any
license will be issued. In other words, noO specific complaint of LEA
(including particular components alleged by LEA to be improperly
qualified) remains to be explored in the st.ff's overall review of
electric equipment qualification at Limerick, which review is broader
than the litigated issues. This situation could change only if,
contrary to the record before us, the Applicant decides to seek a
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Justification for Interim Operation under Section 50.49(1). In such an
eventuality, the parties obviously are obligated to bring such change in
the record promptly to the attention of the parties and any adjudicatory
body with jurisdiction. Subject to this possibility, we find this

contention without merit and do not retain jurisdiction.
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B. confirmation of Findings of Fact Made on the Record

that AWPP Contention vi-1 (QA/0C of Welding) Lacks Merit

1. The Contention Lacks Merit as Previously Determined

in the Bench Decision

D-1. AWPP Contention V1-1, as admitted by the Board, states:

'v

: Applicant has failed to control performance of welding
and inspection thereof in accordance with quality control

and quality assurance procedures and requirements, and

has failed to take proper and effective corrective and

|

|

\

preventive actions when improper welding has been
discovered.

p-2. This contention was admitted as an issue in controversy on

reconsideration by the Board (after earlier conditional admission and

then rejection given the issue specified by AWPP). The recons idered

admission was subject to the important requirement that, after

discovery, AWPP specify in advance of the hearing the particular

instances of alleged improper actions of Applicant with regard to

quality control and quality assurance of welding at Limerick, which AWPP

would rely upon to 1itigate fits contention. 8 This part1cular1zation

’ 9/ gee "First Special prehearing Conference Order," LBP-82-43A, 15 NRC
1427, 1517-18 (1982); wmemorandum and Order (Concerning Objections to
June 1, 1982 Special prehearing Conference Order® (unpublished), s1ip

op. at 6 (July 14, 1982); "Second Special prehearing Conference Order,"
LBP-83-39, 18 NRC 67, 88-91 (1983); "Memorandum and Order Conf1ﬂling

Rulings Made at Prehearing Conference,"” (unpublished), s1ip op. at -7

(October 28, 1983).
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of the contention was accomplished in the course of prehearing filings
by the parties and rulings by the Board. 1/

D-3. This contention was litigated on May 7-10, 1984, Expert and
factual testimony was presented by separate witness panels for the
Applicant and NRC Staff. The proposed direct testimony offered by
AWPP's representative, Mr. Frank R. Romano, was not admitted into
evidence for the reasons set forth in the Board's May 2, 1984
"Memorandum and Order on Pretrial Motions Regarding Testimony on
Contention VI-1" (unpublished), which granted the motions by the
Applicant and Staff to strike Mr. Romano's testimony. In addition, at
the hearing the Board rejected the late-filed testimony of
Professor Iversen proffered by AWPP (AWPP Ex. 3 for 1d.), because it was
fnexcusably late (1t had been filed at the hearing), did not relate to
any of AWPP's specified instances, and in any event was not sufficiently
probative towards any matter relating to quality assurance of welding to
be admitted as late testimony. Tr. 10,428-435, 11,931 (Brenner, J.)

10/ awpp £11ed 1ts 11st of specified allegations of improper welding
and related quality assurance actions on March 6, 1984, Thereafter, the
Board ruled on the Applicant's and Staff's objections to some of the
alleged instances as being beyond the scope of welding related matters.
"Memorandum and Order Rulin? on Applicant's Motion to Strike Specific
{nstn?cos Adva?cod by AWPP in Support of Contention VI-1," (unpublished)
April 2, 1984),
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D-4. The evidentiary hearing on this contention involved extensive
written testimony by the Applicant which detailed the facts involved in
each instance relied on by AWPP for its allegation of improper welding
and quality assurance thereof. Boyer et al., ff. Tr. 10,321. The NRC
Staff's testimony fully supported the Applicant's. Durr and Reynolds,
££. Tr. 10,977. The extensive oral testimony, including cross-examina-
tion by AWPP and Board questions, also fully supported and confirmed the

accuracy and completeness of the written direct testimony.

D-5. Accordingly, at the conclusion of the hearing on the
contention, the Board announced that at that time it was its provisional
judgment that, based on the entire record, there are no facts upon which
it could be concluded that the Applicant had not overwhelmingly met its
burden of proof on the contention. We noted our view that the facts
were straightforward, fully stated in the Applicant's direct testimony
and not contradicted in any way under cross-examination or Board
questfons. Tr. 11,047 (Brenner, J.). See also Tr. 11,050-054
(Brenner, J.). We also noted our provisional view that the witnesses
were straightforward, truthful and candid and that they had fully
disclosed the bases for the facts and conclusions fn their written

testimony. Tr. 11,048 (Brenner, J.)

D-6. Given our provisional view, we held it was unnecessary for
the Applicant to follow the normal course and file its proposed findings

of fact first. It was not necessary to have all the facts and
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conclusions in the record regurgitated in lengthy findings, which the

Applicant, as the party with the burden of proof, would have had to file
if the Board had not revealed and announced its provisional decision on
the merits. Tr., 11,048-49 (Brenner, J.) However, the Board refrained

from making final its provisional ruling -- that the conclusions in the

testimony of the Applicant and Staff were correct and fully supported

and that therefore the contention lacked merit -- in order to give AWPP

the opportunity to file proposed findings of fact and conclusions of

law, The Board informed AWPP that it should point out in its proposed
findings evidence in the record which it belfeved showed that there was

merit in any of 1ts instances &lleged in support of its contention,

Applicant and Staff would then have an opportunity to file reply

findings discussing the matters covered in AWPP's proposed findings.

Tr. 11, 049-050 (Brenner, J.) See also Tr. 11,052, 11,055-58

(Brenner, J.).

D-7. As scheduled, AWPP filed ‘ts proposed findings on
May 22, 1984, and the Applicant and Staff filed their sepsrate replies
or: May 29. On the record of May 31, 1984, the Board heard oral argument

The

and set forth its reasons as to why none of the matters raised in AWPP's

.
proposed findings raised any item which contradicted the Applicant's and

Staff's evidence as had been previously ruled upon by us. See
Tr. 11,915-94, We found the reply findings of the Applicant and Staff

to accurately and fully reflect the record. We found that AWPP's

proposed findings were inaccurate on several points,

Tl‘. 11 |’35'3~



- 103 -

(Brenner, J.). Therefore, there was no item meriting further
deliberation by the Board and we entered our ruling that AWPP's
contention lacked merit. As we stated we would, that bench ruling
hereby is confirmed and becomes the partial initial decision that AWPP
Contention VI-1 lacks merit. Tr. 11,964, 11,993-94 (Brenner, J.).

p-8. Before setting forth the Board's conclusions, which are based
on those of the Applicant's and Staff's testimony which we find to be
correct, we summarize the points raised in AWPP's proposed findings with
which the Board disagreed for the reasons stated in our May 31 bench
ruling: AWPP continuously ignored the testimony showing there is
reasonable assurance that 100% of all safety-related welds were
inspected. The sampling procedures, which we also find to te
acceptable, were for audits of the inspection program. See
Tr. 11,923-935, 11,945, 11,984-85. AWPP was totally incorrect in its
belief that Applicant's witnesses did not fully answer its questions.

We find the witnesses to be qualified, truthful and accurate and worthy
of belief. See Tr. 11,940-46, 11,953-58. We also set forth why an
instance in a Staff inspection report regarding the apparent lack of
certified qualification for a receipt <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>