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Ivan W. Smith, Esquire Dr. Richard F. Cole
Administrative Judge and Administrative Judge
Chairman . Atomic Safety and
Atomic Safety and Licensing Licensing Board
Board U.S. Nuclear Regulatory
U.S. Nuclear Regulatory Commission
Commission 4350 East Wes~ Highway
4350 East West Highway West Tower - Toom 429
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Bethesda, Maryland 20814

Dr. A. Dixon Callihan
Administrative Judge
Atomic Safety and Licensing
Board
U.S. Nuclear Regulatory Commission
4350 East West Highway
West Tower - Room 439
Bethesda, Maryland 20814

Re: In the Matter of Commonwealth Edison Company
(8yron Nuclear Power Station, Units 1 and 2)
Docket Nos. 50-454 and 50-455 -ocC

Dear Adminstrative Judges:

Please find enclosed for your review a letter
dated December 30, 1983 from Mr. Cordell Reed to Mr. R.C. De
Young with the attached "Byron IDI [Integrated Design Inspection]
Response."

This document is relevant to Intervenor's pending
"Motion to Reopen the Record...to Include the Byron Station
Design as an Issue" and to Comnonwealth Edison Company's
forthcoming response to that motion.

Very truly yours,

0001 840929 V(cjm ( 4241 4 - ,(
41009 1 454
?nn A 5000 R

pOCK O Victor G. Copeland
G One of the Attorneys for
Commonwealth Edison Company
Enclosures

cc: Service List



Commonwealth Edison

One First National Plaza, Chicago, llinois

Address Reply to Post Office Box 767 4 -

Chicago. lliinois 60690 RELATED C( !
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December 30, 1983 V3NRC
54 01 -4 A1 10

Mr. R. C. DeYoung, Director g .7§$~

Office of Inspection and Enforcement
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Subject: Byron Generating Statlion Units 1 and 2
Integrated Design Inspection
Inspection Report 50-454/83-32
NRC Docket Nos. 50-454 and 50-455

References (a): September 30, 1983 letter from R. C. DeYoung
to Cordell Reed

(b): October 28, 1983 letter from R. C. DeYoung to
Cordell Reed

(c): October 12, 1983 letter from D. G. Eisenhut
to Cordell Reed

Dear Mr. DeYoung:

References (a & b) provided the results of the integrated design
inspection conducted in May and June, 1983 regarding Byron Generating
Station. The report of that inspection identified a number of findings,
observations, and unresolved items. This letter contains Commonwealth
Edison's response to those items and addresses the general NRC
conclusions presented in reference (a).

In Reference (c) the NRC also requested that we address the
generic implications of the Byron IDI issues with respect to Byron's
duplicate units at Braidwood Generating Staticn. Most of the IDI issues
pertain to duplicate design aspects and the information presented here
adequately addresses both Byron and Braidwood stations. There are
certain issues, however, that involve field construction and design
changes which need to be addressed separately for Braidwood Station.
These site-specific issues which will be addressed early next year for
Braidwood are Findings 2-1, 3-2, 3-8, 3-10, 3-13, 3-14, 3-15, 4-8, 4-10,
6-4, 6-6, and Unresolved Items 2-3, 3-5, 5-1, and 6-1.

At the outset, we would like to thank the members of the IDI
Team for the professional and courteous manner in which they conducted

the Inspection. This inspection occiirred during a period of intense
activity on our part and the 10I Team made concerted efforts to avoid

disrupting our routine work. Nonetheless, it was a thorough and pain-
staking inspection and required & considerable manpower commitment by
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Commonwealth Edison, Sargent and Lundy, NPS, and Westinghouse. It is
estimated that approximately 8000 manhours will have been devoted to the
inspection itself. Naturally, in & review of such scope and depth,
communication difficulties are bound to arise. In spite of such
difficulties, the IDI Team made a commendable effort and accomplisned s
great deal in a relatively short time.

Attachment A to this letter contains Commonwealth Edison's
response to the 96 specific findings, unresolved items and observations
which were identified by the IDI team. In some cases, new information is
presented to support our conclusions regarding specific issues.

Reference (a) also 1equested that Commonwealth Edison address
three general areas of IDI findings and the possible need for additional
design audits. These issues were reviewed with NRC management personnel
on December 13, 1983. Substantlial agreement has already been achieved
regarding our responses on these general issues, as outlined below. To
fully appreciate our responses on these general areas it is necessary to
review the responses to the relevant specific findings, observations and
unresolved items. General discussions are also provided in the areas of
electrical separation and instrument setpoints.

Line Break and Flooding Analyses

With regard to the analyses of postulated cracks and breaks in
high and moderate energy piping and internal flooding, the IDI Team was
unable to conclude that the design effort was complete, adequate, and
controlled. This matter has been reviewed in considerable detail and we
do not concur in that overall assessment. We find that this aspect of
plant design work is generally adequate and is being performed in a manner
consistent with the FSAR commitments. Responses to specific deficiencies
are provided in Attachment A but these relatively minor problems are not
indicative of systemic weaknesses. None were found to be sighificant
from a safety standpoint.

Our review confirms that separation of redundant and diverse
engineered safeguards equipment has been a fundamental element of the
Byron/Braidwood design. This approach provides inherent protection in
the event of a crack or break in a high or moderate energy pipe. It also
minimizes complex engineering analyses of pipe break conseqguences and
makes the plant less sensitive to minor changes in pipe routing and
potential break locations. The Standard Review Plan clearly advocates
separaticn as the primary mode of protection and the Byron SER confirms
the acceptablility of this approach.

The information necesssry to determine the adequacy of the plant
design with respect to the effects of high and moderate energy line
breaks exists in studies completed prior to the IDI. ' A planned report
which provides a road map to this data and explains its application was
not completed at the time of the IDI. This report, "Jet Impingement and
Water Spray Documentation Summary" will be completed In January 1984,
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For jet 1mp1ngement, the Byron/Braidwood FSAR describes the
analytical methods to be applied when separation is not g Practical way
to deal with postulated Pipe breaks. The response to Finding 2-16
delineates the work done by Sargent and Lundy to assess the potential
impact of jet impingement. 1t also delineates the extent of the
documentation which was available at the time of the IDI. To more
clearly show the adequacy of the Byron design, additionsl documentation
is now being prepared. This documentation will be in the form of an
additionsl Jet Impingement report which addresses the potential for Jet
impingement on each safe shutdown component and examines the potential
results of jet impingement damage in conjunction with Postulated single
active failures. This report, "verification of HELB Design Approach for
Jet Impingement Effects on Safe Shutdown Equipment,” is expected to be
completed by the end of January 1984.

description of the approach taken to evaluste moderate energy line
feilure and, in Pparticular, evplains in detail why the plant is not
vulnerable to water spray. F.ooding, which is also the subject of
Findings 2-18 and 2-19, was evalusted and documented prior to the IDI.
However, the auxiliary building flooding calculation is being revised to
better document the engineering Judgements originally made.

Our review has indicated that a total of six findings and one
unresolved item may have been pertinent to the recommendation for the
review, audit and corrective action program made by the IDI Tean. The
findings were 2-14, 2-15, 2-15, 2-16, 2-17, 2-18, and 2-19 and the
unresolved item was 2-3. o0n the basis of the foregoing discussion and
the results of additional reviews described in the individual responses,
we conclude that further 8udits In this area are unwarranted.

Mechanical Systems Deslgn Calculations

After reviewing some of the mechanical systems design calcula-
tions, the IDI Team was unable to conclude that valid, updated analyses
are generally available. After further review, we agree that mechanical
Systems designs are generally adequate although documentation of certain
calculations should be reviewed. We found that hydraulic effects of
design changes have always been adequately cunsidered. 1In some cases,
design changes have been made without documentation of superficlial
effects upon the hydraulic aspects of system design. Normal conservatisms
and design margins have been shown to adequately encompass the effects of
such changes.
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To address the IDI concerns relative to mechanical systems
calculations, all safety-related calculations (approx. 100) in the
Project Management Division (PMD) calculation books (Books C-1A, C-1B and
C-1C dated prior to October 1983) are being reviewed to verify that if
they are technically adequate to support the current Byron/Braidwood
design and to determine if the format conforms to the applicable version
of GQ 3.08 in effect et the time the calculations were performed. These
reviews are being done in accordance with the requirements of an approved
project _astructiocn. To date, approximately 80% of the calculations have
been reviewed and no hardware changes have resulted from the reviews.

All calculations are expected to be completed by January 20, 1984. No
hardware changes are expected to result from tne remaining reviews.

Additionally, a review of all safety-related systems is being
made with respect to maximum pressure as noted in the response to
Unr:solved Item 2-2. No piping changes are expected to result from this
review. ¢

Our review indicated that eight findings and one unresolved i‘em
may have been pertinent to the IDI Team's recommendation for a systematic
review and update of the mechanical systems design calculations. The
findings were 2-5, 2-6, 2-7, 2-8, 2-9, 2-10, 2-11 and 2-20 and the
unresolved item is 2-2. As discussed above and in the attached
responses, specific reviews have been undertaken in response to some of
the findings. Because no safety-significant deficiencies have been
identified, we conclude that existing design control measures are
generally adequate without further audits. Reviews presently underway are
considered confirmatory and not essential to plant licensing. We have
eévery reason to believe that no plant changes will be required as a result
of these reviews.

Instrument Setpoints

The IDI report noted the lack of documented bases for instrument
setpoints, reset values, accuracy requirements and margins. The actual
design was found to be generally sound but improvements in the
documentation were suggested. To address this concern, S & L will make an
assessment of the safety related instruments in their scope, to identify
the instruments which are complex in application and scope. A documented
calculation will be provided for those instruments identified, if one does
not adready exist, to verify the sdequac of the setpoints (Finding 6-3)
and will include a verification of the setpoint accuracy (Finding 6-7),
and the reset value (Finding 6-8), if applicable.



Electrical Separation

We agree with the IDI Team's determination that some of the
engineering analyses utilized to justify exceptions to the electrical
separation criteria did not individually document all of the potential
means by which Non-Class lE Cables mIgﬁ€ degrade Class 1lE cables.

However, this does not mean that all of these putential means were not
considered in the analysis. Certain Commonwealth Edison Company generic
design practices are very conservative, well-known to Sargent & Lundy, and
were not included in eacx individual analysis (Interface Review Report)
because they are documented elsewhere. Examples of such conservative
practices relating to fault current and voltage transients in Non-Class IE
circuits (i.e., the use of Class 1E qualified cables for Non-Class 1E
applications, the use of 600 volt cable for 120 volt applications, and the
use of "oversized" conductors for control applications) are doscribed in
the response to Finding 5-1.

Westinghouse balance of Plant Piping Design

The IDI Team was unable to review enough of the Westinghouse
piping design work to make any conclusions. The Team raised some
questions and recommended that additional review work be done to look for
indications of systematic weaknesses. We have conducted additional
reviews as documented in the attached responses. It is apparent from our
review of the IDI Team's findings, and from the additional reviews, that
there are no systemic deficiencles in the control of this work.

There are a number of lsolated discrepancies between licensing
commitments and detailed plant implementation. These isolated instances
are all minor In significance and do not contradict the overwhelming
evidence of good engineering practice employed in the conduct of this
work. A rev?ew of the individual safety implications of each item has
been conducted with the conclusion that the aggregate of these items, had
they not been noted, would have had negligible impact on the safety of the
plant.

Three categories are identified as describing the nature of the
unresolved item or findings made by the IDI Team:

Obvious Conservatism - In these cases, the analytical work was
performed in such a manner that certain effects of weights, loads and
other parameters potentially affecting the analytical result were not
explicitly addressed because they were insignificant. Evidence to
support these actions has been included in our responses. Our review
indicates that one unresolved item (3-4) and three findings (3-13,
3-14, 3-17) are included in this category.
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In-Process Work - Several unresolved items and findings addressed
ssues which would automatically be rectified or corrected once the
entire desian process is comple{ed. in short, the IDI Team inferred

inconsistenclies and errors while viewing the design process as yet
uncompleted. Our review indicates that one unresolved item (3-6) and
three findings (3-12, 3-15, 3-16) are included in this category.

Documentation Inconsistencies - In a few instances, the IDI Teem found
nconsistencies in detail between design criteria contained in
licensing documents and those of the procedures being followed in the
analytical design process. In these cases, however, good engineering
practice was followed and design margins were maintained. Our review
indicates that one unresolved item (3-5) and one finding (3-11) are
included in this category.

Future actions will be taken by Commonwealth Fdison to amend the
Final Safety Analysis Report with design criteria that are consistent with
the procedures being used in conducting the work. These cases are minor
in number and do not present serious concerns with respect to degradation
of design margins. No apparent evidence of systemic deficienclies or
significant departure from good engineering practice was found in our
reviews. Since our review has indicated that the unresolved items and
findings of the IDI report do not constitute a significant safety
deficiency or any serious lapse of quality control, we conclude that good
engineering practice has been maintained in the balance of plant design
work being performed by our contactor.

Audits of Other Areas

In the IDI inspection report, the NRC requested that we address
the necessity for conducting audits of design implementation in areas
other than those audited Dy our inspection so as to assure ourselves that
deficiencies of similar importance either do not exist or are corrected.
As indicated in the responses to specific IDI findings, unresolved items,
and observations, in many cases we have examined other areas to assure
ourselves that significant deficiencles do not exist. Since the IDI,
considerable time has also been spent by our Q.A. Department in reviewing
the adaquacy of the responses for IDI findings, unresolved items and
observations. The lessons learned from this inspection will be
incorporated into their future audit plans.

Here are some examples where our responses include examination of
areas other than those audited by the IDI Team:

s Findings 2-2, 2-6, 2-7, and 2-10 deal with flow
calculations for pumps in the auxiliary
feedwater and containment spray systems. We
have reviewed and upgraded where necessary
these calculations to verify that they are
consistent with the current design. We have
also reviewed and upgraded calculations for the

essential service water sKstem and the suction
portion for the residual heat removal and
containment spray system.
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2. Finding 2-4 dealt with pipe whip calculstions.
We have performed a review of all calculations
for other unrestrained pipe ruptures in the
plant and determined that pipe impacts onto
concrete walls have been addressed in the
calculetions.

|

|

l
3. In response to Finding 2-22, an S & L Project

Management Division file index has been |

generated that indicates that files exist and |

are located, for the most part, in the i

individual engineer's offices.

|

|

|

|

4, In response to Finding 3-2, all safety-related
subsystems requiring a functionaliiy check have
been identified.

. In response to Finding 3-8, a8 field procedure
has been revised to provide a check to assure
that piping supports that have been deleted are
removed.

6. In response to Finding 3-11, all 521 subsystems
in the Westinghouse scope were audited by
Westinghouse with respect te damping values.

y In response to Finding 5-1, all Interface
Review Reports have been reviewed and revised
where necessary to sddress all potential means

|
|
by which a Non-Class 1E cable might degrade
Class 1lE cables. i

8. In response to Finding 6-10, the Cal logic
diagrams were revised as required to include
safety-related stamping.

Commonwealth Edison Company Quelity Assurance Department
has also conducted an in-depth audit of the &6 findings, 19
unresolved items and 11 observations identified in the above
report. The audit was conducted concurrent with the accumulation
and evaluation of information by CECo Engineering, S & L, and
Westinghouse which was required in order to respond to the items.
This approach resulted in (.A. directly auditing the input used in
the preparation of the response to the NRC IDI items. The Edison
audit, which took about 400 man-hours, was directed at assuring that
all the facts of the NRC IDI report were properly addressed, that
there was adequate documentation to support the Edison response,
that the approach to the response for each item was reasonable and
appeared technically acceptable, and finally, to determine if there
were any significant programma.ic problems associated with the
implementation of design activities.



As part of the audit process, it became clear that many of
the NRC findings resulted because of changing practices over the
years in documenting assumptions, calculations, approach to
calculations and updating design information to reflect actual
conditions. For the most part, the key problem identified by the
IDI Team was the manner in which some supporting design information
was documented. In the early stages of design, documentation was
not always as cor plete as we now require it to be. Documentation
inadequacies for design calculations similar to those identified by
NRC in the IDI report were also found during our past audits. In
the specific cases challenged in our audits, re-calculations were
required to be made during the audits to demonstrate the adequacy of
the design. Although the initial calculations were not fully
documented, it was proven to our satisfaction by such recalculations
that the designs were adequate and met the design requirements. In
the upcoming Edison audits of the Sargent & Lundy corporate office,
which are generally done about three times a year, continued
attention to documentation of design activities will be maintained
in our coverage of the total scope of design.

As to our suditing of engineering design, Commonwealth
Edison has an extensive record of regular technical design analysis
audits conducted of the Sargent & Lundy design in all major
engineering disciplines by Quality Assurance Engineers and
independent consultants with design experience. These audits are
directed at a broad range of project design activities, including
those areas examined in the IDI. The scope of Edison's Q.A.
coverage is described in detail in the report titled "Commonwealth
Edison Company Quality Assurance Statement Regarding verification of
Adequacy of Design and Construction of Byron Nuclear Power Station
Unit #1," dated April 19, 1983. (See Pages 13-24; 79-34; Exhibits
A, M, N, P). Specifically, Commonwealth Edison Corporate Quality
Assurance Mangement has glven special attention to architect/
engineer and NSSS vendor design activitles. Audits have covered all
areas of Quality Assurance Program and procedure implementation and
in many cases went into considerable depth to examine specific
designs including evaluation of design bases, computer code
validation, and review of calculations. Problems identified in
those audits were pursued to determine root csuses and to seek out
generic deficiencies. These comprehensive audits have served Edison
well as a basis for demonstrating that the Byron plant is properiy
designed in accordance with the FSAR, applicable codes, regulatory
guides and standards. Edison will continue this auditing approach
until completion of design activities.



Summnrz

The IDI was a significant effort in that it provided an
independent assessment of the effectiveness of g particular set of

design control measures on the Byron/Braidwood project. Eighteen
inspectors wen* over a single plant system in great detail. 1In
numerous cases, the IDI Team looked at design and construction
activities In systems other than the auxilary feedwater system. A
large number of findings, unresolved items and observations were
documented in the IDI report, partially because not all of these
issues could be satisfactorily resolved during the inspection period
due to time constraints. The additional information provided in the
attached responses responds to all of the issues.

None of the issues raised in the IDI report are significant
in the context of design adequacy of the plant. They deal largely
with documentation and analytical techniques and resolution requires
no physical change: to the plant. We view the IDI as an independent
confirmation of esign adequacy and verification that licensing
commitments have been fulfilled. we believe that this response
contains enough information for the NRC to conclude that all IDI
issues have been adequately addressed.

Please contact this office if additional discussion of our
specific responses is needed.

vVery truly yours,
C_n\(\‘ . \‘ & z‘l)j(_‘(k

Cordell Reed
Vice President

im

7668N




Attachment A

Byron IDI Report Response
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Section I

Detailed Responses to Findings
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FINDING 2-1: DIESEL ENGINE AIR INTAKE

This finding states that there was no analysis or justifi-
cation for the seismic vulnerability of the air intake
line for the auxiliary feedwater pump diesel. The finding
indicates that this conflicts with the Auxiliary Feedwater
Design Criteria which states that a single active failure
plus a design basis seismic event shall not prevent the
auxiliary feedwater system from meeting its [unctional
requirements,

RESPONSE

We do not agree with the conclusions of this finding. The
auxiliary feedwater pump diesel combustion air intake line

was intentionally routed as close as possible to the common
turbine/auxiliary building seismically designed wall ("L"
wall) to an area i{n the turbine building that was judged by

the Sargent & Lundy design team to be free of non-safety-realated
components and equipment that would jeopardize or impair the
function of the line during a seismic event. Although the

air intake line is routed inside the turbine building, which

is not classified as a seismic Category I structure, it was
recognized by the engineers that the design of the turbine
building is such that it will not fail during a seismic event
(reference FSAR Subsection 3.7.2.8 and the response to Question
130.30). We do agree that at the time of the IDI there was

no documented evidence that the seismic vulnerability of a
carbon dioxide tank located approximately 10 feet from the

air intake line was considered. Sargent & Lundy has recently
verified by calculation that this carbon dioxide tank will

not fail during a seismic event. Further support can be found
in the Zion Probabilistic Safety Study where the fragilities
for non-seismic tanks far exceeded the design basis earthquake.
In addition, a documented walkdown of this area has concluded
that there are no additional non-safety-related components

in the vicinity that will impair the function of the air in-
take line. The stress report for the air intake line, reviewed
by the IDI Team but not referenced in the IDI Report, demon-
strates that this line was seismically supported and was seismically
analyzed.

We believe that the routing of the air intake line (proximity
to "L" wall), the calculation verifying seismic capability

of the carbon dioxide tank (performed as a result of the IDI),
the documented walkdown of the area (performed as a result

of the IDI), the recognition by the S&L design team that the
turbine building will not fail during a seismic event, and

the existence of a seismic calculation for the line indicates
that the seismic vulnerability of the air intake line was
considered.

on 1-].
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We therefore conclude that the design of the air intake for
the diesel-driven auxiliary feedwater pump does not violate
the Design Criteria for single active failure during a design
basis seismic event and it will not prevent the auxiliary
feedwater system from meeting its functional requirements.

F2.1-2
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FINDING 2-2: FLOW CALCULATION PROCEDURAL ITEMS

This finding states thac Sargent & Lundy calculation AFJK-1
(auxiliary feedwater flow to the steam generators under
accident conditions) had some documentation deficiencies
that added to the difficulty of reconstructing the calcula-
tions which is contrary to Sargent & Lundy Procedure GQ-3.08.
For example, the bases are not stated for the constant

used for pipe surface roughness, the resistance coefficient
constants and the static head for the faulted loop. The
revision number is not stated for the drawings used to
calculate friction losses. The calculation does not list
the assumptions or input data that must be verified as

the design proceeds in accordance with GQ--?.08. Despite
the above documentation deficiencies, the IDI Team con-
sidered the calculation to be technically adequate.

RESPONSE

We do not agree with the conclusions of this finding for the
following reasons. Sargent & Lundy Procedure GQ-3.08, Revision

3, in effect at the time AFJK-1 was prepared, did not require

a listing of assumptions or input data that must be vcrified

as the design proceeds. This was added in Revision 4 of Procedure
GQ-3.08 dated 3-5-79. Therefore, AFJK-1 did not violate Revision
3 of GQ-3.08.

Calculation AFJK-1 was based on input data and assumptions
furnished by Westinghouse to Sargent & Lundy. The revision
numbers of the drawings used for the calculation were not

listed; however, a review of the latest drawing revisions
indicated that there have been no major piping changes that

would affect the validity of the calculation. The static

head used in the calculation is the elevation difference between
the auxiliary feedwater pump discharge and the steam generator
nozzle. Pipe friction losses were based on the well-known

and widely accepted Williams & Hazens formula. The friction
factor (C) chosen is an engineering judgment. An engineer

often provides margin in the design by using a conservative

"C" factor. For conservativeness, the calculation used the
friction factor, C=100 (an input to the Williams & Hazens
formula), used for water flow in "old pipes.” Calculation

AFJK~1 also reviewed the effect on the results for friction
factors C=120 and C=140 (used for new pipe). The change in
friction factors produced negligible differences in the calculated
flowrates. Although the auditor was apparently not familiar with
the Williams and Hazens formula, fluid dynamics literature was pro-
vided to him during the IDI to verify the wide acceptance and use
of this formula. Procedure GQ-3.08 does not require documenting

F2.2-1
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well-known engineering formulas. Calculation AFJR-1 is a
difficult and complex calculation that we feel can be recon-
structed based on the above discussion.

Sargent & Lundy approved the test results for the flow orifice
pressure drops in 1981. At the time (1981), it was judged

that the test results had a negligible effect on the calculated
flow rates, and therefore, a revision to AFJK-1 was not necessary.
Sargent & Lundy performed a calculation during the IDI to

confirm to the IDI Team that the actual orifice data did not
affect the flow results.

F2.2-2
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FINDING 2-3: BASIS FOR TIME DELAY

This finding states that the technical basis was deficient
for approval of the addition of a time delay to the trip
circuitry of the motor-driven auxiliary feedwater pump.

RESPONSE

We agree that there was no test or analysis performed to deter~-
mine if a time delay was actually needed for the motor-driven
auxiliatz feedwater pump. The decision to add the time delay
was based on a judgement by the responsible design engineer
that the time delay was necessary due to the similarity between
the trip circuits of the motor-driven auxiliary feedwater pump
and the essential service water pumps (which were tested and
found to require a time delay).

The time delay on the trip circuit for the motor-driven auxiliary
feedwater pump has been removed because it has been determined
that it is not necessary. Because the time delay has been
cemovad, we have not addressed in detail the questions the

TDI Team felt should be addressed relative to whether the

15 second time delay would be harmful., We, however, conclude
that pump damage would not have occurred because of the amount

of water in the condensate storage tank available to provide
adequate suction pressure,

F2.3-1
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FINDING 2- A OF A DELAY ON C _DIAGRAM

The finding describes a field change rc?uoot (FCR) which,
although not specific to the auxiliary feedwater system,
resulted in a schematic diagram revision to the motor-
driven auxiliary feedwater pump trip circuit on starting
of the pump but did not indicate the corresponding change
on the pump's loTlc diagram. The finding also states
that the responsible Project Management Division engineer
had not been informed of the change.

RESPONSE

We agree with conclusion of the IDI Team that a logic diagram
had not been updated. The design process early in the project
tequires that logic diagrams be prepared first, with electrical
schematic diagram prog.taelon following based on the logics,
Later in the project life, as construction proceeds, design
changes to modify the design are requested by the field on
FCR's, FCR's are written referencing drawings issued for
construction, or in this case, electrical schematic diagrams,.
Logic diagrams are not issued for construction., FCR's received
by Sargent & Lundy are reviewed with the responsible engineers
to determine the acceptability of the design change. If the
FCR is approved, the drawings referenced therein are revised

to close the FCR, Subsequently, other affected documents

such as logic diagrams ace revised., As such, at any point

in time, logic diagrams revisions may lag the schematic diagrams
revision,

Contrary to the finding, the details of the design change
relative to FCR-21265 were discussed with the Project Management
Division at the time the FCR was ceceived, Also contracy

to the finding, since the FCR was only written against the
motor-driven essential secvice water pumps, d:sign drawings

for the auxiliary feedwater pump would not (and should not)

have been referenced therein. A design change to the trip
circuit of the motor-driven auxiliary feedwater pump controls
was made for the reasons described in the response to Finding
2-3 and not explicitly due to the FCR,

Commonwealth Edison Company, with Sargent & Lundy concurrence,
has decided to remove the time delays as it has been deter-
mined that they are not required,
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FINDING 2-5: RECIRCULATION ORIFICE CALCULATION

The finding describes a safety-related, preliminary orifice
p::to calculation which was never completed although signed
off,

We agree with the conclusions of the IDI Team that an orifice
plate calculation was incomplete although signed off, and

that this is contrary to procedure GQ-4.3 (current procedure
is renumbered as GQ-3.08). Upon further investigation, it

was explained to the IDI Team that the calculation in question
was incorrectly classified as safety-related, The orifice
plate referenced in the calculation is not and was not salety-
related, Subsequent to the IDI the applicable non-safety-
trelated calculation for the recirculating orifice plate was
found in the non-safety-related calculation book.,

The IDI Team found the error after reviewi the Control and
Instrumentation Division, Byron Project, safety-related calcu-
lation book which contained twenty calculations. No other
problems were cited by the IDI Team,

As a follow-up to the IDI Team review, Sargent & Lundy has
pecformed an additional review of the twenty calculations
and confirmed that no other incomplete calculations exist,

The incomplete orifice calculation represents an isolated

ercocr and has been removed from the safety-related calculation
book and nullified,
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- UCTION FOR_AFW

This finding states that Sargent & Lundy Calculation AFJD-1
is deficient as a documented basis for determining that
adequate NPSH is available to the auxiliary feedwater

pumps and violates Procedure GQ-3.08.

We Jo not agree with the conclusions of this finding. While
we agree that Calculation AFJD~1 is not as well documented

as desired the IDI Team, we disagree that this calculation
was technically deficient for determining that adequate

NPSH is avallable to the auiiliary feedwater pumps. AFJD~1
calculated the minimum and maximum NPSH available to the
auxiltat¥ feedwater pumps based on a proposed revision to

the suction piping from the condensate storage tank, The
results of this calculation provided sufficient information
to the Sargent & Lundy designers, relative to NPSH, to provide
a doli?n change to the suction piping. Calculation AFJD-1
established that 21 feet of NPSH is available based on an
empty condensate storage tank. The Sargent & Lundy designers
recognized that adequate NPSH would be available because 2
feet of water was all that was requiced in the 45-foot tall
condensate tank to provide the required 23 feet of NPSH,

Normal makeup to the condensate storage tank is initiated

At a tank water level of 26 feet which corresponds to approxi=
mately 283,000 gallons of water available above the auxiliary
feedwater pumps required NPSH. Note that an additional design
feature is the automatic switchover to essential service water
on low suction pressure to insure that water is available

for the auxiliary feedwater system should adequate NPSH from
the condensate storage tank not be avalilable,

Calculation AFJD~1 has been superceded and replaced with Calcu~
lation AFTH-01l (Reference 2.98) which was reviewed by the
IDI Team., Calculation AFTH-0L is based on the current piping
acrangement and includes all pipe fittings, branch tees, and
ipe entrance losses., Based on the current piping arrangement,
t was determined that calculation AFJD~1 d4id not neglect the
friction loss from six branching tees, The documentation defi-
clencies noted for AFJD~1 did not affect the validity of the
calculation and did not result in a design deficiency.
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- V. ON H R_CONT:

Several alleged deficiencies, given below, were noted

in Calculation C8-5 which determined the available NPSH
for the containment spray pumps and residual heat removal
pumps:

1. a, Assumptions are not listed,

b. 1Input data and/or assumptions that must be verified
as the design proceeds are not identifed,

2. The assumed piping and valve arrangement does not
represent the current piping configuration,

3. The calculation does not account for a partially blocked
screen per Regulatory Guide 1.82.

RESPON

We do not agree with the conclusions of this finding for the
following reasons, Although the input for Calculation CS~

5 did differ in some respects from the current configuration

of the containment spray system, the calculation is adequate

to determine that the system will operate frOp.:ly. The system
changes, subsequent to the calculation, all served to increase
the NPSH margin., Since no potential existed for a system
design deficlency, a revision to the calculation serves only

to quantlt¥ the NPSH margin, not to determine adequacy. The
alleged deficiencies can be addressed individually:

l. a, We agree that the assumptions are not listed separately,
However, the input to the calculation is clearly shown
and is not ambiguous, The calculation was reviewed
and approved in accordance with Sargent & Lund Quality
Assurance requirements, In addition, Calculation
C8~2, dated 8-25-83, has been performed to verify
that adequate NPSH has been provided for the RHR and CS
pump 1B. This calculation (CS-2) has a listing of
design information and pipe flow parameters,

b, This requirement was implemented in Revision 4 (3-5-79)
to Sargent & Lundy QA Procedure GQ-3.08 and therefore,
was clearly not applicable to Calculation C8-§ (7-31-7%).
In addition, the ronfonstblo engineers judge whether
Or not a system requires a review to determine if
reverification of the adequacy of the design is required,
This judgment is made based on the type of change
(whether the change increases or decreases the macrgin),
and the severity of the change (whether a large decrease
in the margin will occur),
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Revision to the design of the containment spray and RHR
Tu.' suction piping systems since (975 have served to

ncrease the availablae NPSH, Only two potentially signifi-
cant differences exist. Tae suction line from the contain-
ment sump has been changed and the centerline of the pump
suction connection has baen changed,

Calculation CS8-5 included 20-inch sump suction )1ptn?
and associated fittings end valves, The current des gn
utilizes a 24-inch suction line., A revised calculation
(Calculation CS-2) shows that the flow losses in the piping
are in fact reduced, as a result of these changes, by

over 1.5 feet in the containment spray system and in the

RHR system. The final pump design and installation resulted
in a pult suction centerline approximately 2 feet lower

than utilized in Calculation C8-5, As a result, the NPSH

is about 3.5 feet greater than calculated in CS-5,

At the time Calculation C8-5 was made (July 1975), the

Screen arrangement in the plant did not conform to Regulatory
Guide 1.82 (June 1974). An additional screen was added

in 1982, Regulatory Guide 1.82 states "The effect of
partially blocked screen should be considered in the evalu-
ation of the overall NPSH." However, the proccodtng sentence
in lorulatory Guide 1.82 states "For the recommended design
velocity at the fine inner screens consideced in this

guide, a negligible pressure drop is anticipated across

the screens.” It is not clear why omission of a negligible
qulntit{ from a calculation constitutes a do!lctonc{.
Nonetheless, crevised Calculation C8-2 does include losses

for a partially blocked screen, The sccreen loss has in-
creased from 0 017 feet in Calculation C8-5 to 0.031 feet

in Calculation .3-2 (additional pressure drop of 0,014

feet [0.0061 plti).

In summary, we do not agree that Calculation C8-5 is deficient

as a basis for determining that adequate NPSH is available

to the containment spray and RHR punf‘. C8~5 did not totally

reflect the existing system but it d
it.

conservatively represent
Calculation C8-2 has been completed to quantify the NPSH

margin available,
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FSAR Section 6.5.2 contains a detailed discussion of the
NPSH available for the B train containment spray punf.

No calculation was available to support the January 1979
revision of this section. The lack of an available calcu~

lation was contrary to Procedure GQ~3.08,

We do not agree with the conclusions of this finding. The
“missing® calculation in question is not a design calculation
because the purpose of GQ-3.08 is to "describe the quality
Assuranrce requirements for the preparation, review and a roval
of calculations that support the design of safety-relate
Structures, systems, and components.® The information in

FSAR Section 6.5.2 did not provide the basis for, or in any

way support the design of the containment spray system. As
explained in response to FPinding 2-7, Calculation C8~5 provided
an adequate basis for the system design. During the IDI,
Calculation C§8-2 was completed which gquantifies the NPSH macrgin
based on as-built data. This calculation shows that the final

design provides more la:ztn than indicated by the FSAR description,

The FSAR is being revised to eliminate outdated information,
The FSAR description is of a preliminary system layout which
was slightly modified to rtovldo additional NPSH. Inclusion
of this description or calculation in the FSAR is not required
by Standard Review Plan Section 6.5.2 and was not required

to meet any licensi commitment. The information was not

the basis for any safety-related design and was not part of

a licensing commitment,
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The discussion of the containment oprng system in FSAR
e

Section 6.5.2 is not consistant with the current design.

Although the oTocl!lc items did not constitute deficiencies
of technical significance, the FSAR description and the
design should be consistent.

We agree with the conclusion of the IDI Team that the FSAR
description and the design should be consistent., We also agree
that the noted discrepancies are not of technical significance.
As explained in the r.ofonno to Finding 2-8, the 7SAR description
was not usel as design n:ut and was not required to support
licensing commitments, PSAR Section 6.5.2 will be revised to

eliminate the outdated information. The FSAR will be updated
to reflect the change,
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A calculation to support the design of the containment
Sump screens could not be found during the inspection,
Calculation S1-03 was performed durtn’ the inspection
and indicated a worsc case velocity of 0.24 fps in contrast
:o.gho recommended velocity of 0.20 (Regulatory Guide

.82).

We agree with the IDI Team that the calculation could not

be found during the inspection. The missing calculation (CS-
012 dated 4-6-83) was unavailable durtnr the inspection because
it was sent to the Sargent & Lundy Quality Assurance Division
for nlcro!tlnlng as required by procedure, Calculation CS-012
was a design calculation performed to determine the required
Screen area. Examination of the calculation revealed the
reason for the diffecence in flow velocities (0,24 fps in
contrast to 0.20 fps). Calculation SI-03, which was completed
very zutckly during the ID1 to demonstrate to the IDI Team

the adequacy of the design was overly conservative in that

the area occupied by stiffeners and braces was not cons {dered
to be flow area. Calculation C8-012 included the area of

these small but numerous supports under the assumption that
the orpto&ch velocity, a short distance from the screen, is

more indicative of the likelihood of debris to settle out
than the velocity in the screen itself., Calculation 8§1-0)
has been revised such that the assumptions and bases are con-
sistent w'th Calculation C$-012. The vclocttx with a 50%
screen blockage is actuzlly calculated to be 0.16 fps. This
demonstrates the design to be adequate,
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This finding stated that Sargent & Lundy had not performed
a calculation to determine the maximum pressure of the
auxiliary feedwater system to assure that the piping is
acceptable. The finding states this is contrary to ASME
Code, Section III, Subsection HD-3612.4 which states that
pump dtnchatgo.stg;ng shall be designed for the maximum

pressure exert the pump.

We do not agree with the conclusions of this finding. The values
for auxiliary feed pump discharge maximum pressure are as follows:

Design Pressure Maximum Operating

(p8ig)
Design Criteria - 2080

Mechanical Department
Piping Line List 1750 2080

SsL Wall Thickness
Calculation 1750 -

Design Specification
DS-AF-0188* 1750 oo

*Test Loads ~ Section 404 of DS8-AF-01BB indicates
"The auxiliary feedwater pumps will be tested at
100 gpm and 2080 peig."

The ASME Section [II Code (1974 Code, Summer 1975 addenda, |is
:h:lappllcablo code for Byron) defines the design pressure as
ollows:

ND=3112.1 Design Pressuce
“Components shall be dootxncd for at least the most

severe condition of coincident pressure and temperature
expected in normal operation.,®

The normal operation of the auxiliary feedwater system is

when water |is bolnx supplied to the steam generators, Under
this operating condition, the most severe condition of pressuce
is 1750 psig.
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The test load represents
auxiliary feedwater
operated, other than the design conditi

In April of 1982 the Byron

psig) at which ¢t

B/B

the maximum operating pressure (2080
system would be normally
on,

roject decided to consolidate

and reverify the minimum wall requirements for the pipe.

Confirmatory calculations were

on design pressures,
requir
and the nominal wall

For the auxiliary feedwater

indicate:

wall thickness (

cformed at that time based

The calculations indicate the maximum

thickfess actuall

) per the Code for the design Tt.llut.
provide for the p
system piping, these calculations

ping.

Code Calculated
Minimum wall (t
Required for a
Design Pressure
of 1750 psig

o

| 0: Sch 120 pipe

0.251 inches
inches

Wall Thickness
Provided

0.438 inches
0.562 inches

Minimum wWall (t.)

.

0.383 inch
0.492 inch

If these wall thicknesses ace converted to maximum allowable
design pressure (this is rocdtlg ionc for nominal wall using

Sacrgent & Lundy Standard MES 2,

mation would be as follows:

IDI Ref, 2.64)]), the infor-

Code Calculated

Awd' "
0.251 inch 0.38) inch

Wall Thickness

Min, wall Provided (tn)
j;!'q°t"‘ (Enl
Maximum Design
Pressure 315,000 1750 psig 2742 palyg
psil allowable
“'
F MINIMUM WALL-6" PIPE
0.369 inch Code 0.492 inch
Calculated Wall Thickneas
Min, wall Thickness

Maximum Design
Pressure 915,000
psi allowable
Stress

Required (t.)

Provided (ty)

1750 paig

-1

2167 palg

—

e do not agree that non-conservative values were used for

wall thickness calculations,.
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were identified as requiced by the licable Code and that
substantial maigin was provided for the piping.

The IDI Team indicated that they "would consider it more appro-
priate %o use, concurrently, a condition where suction is
taken from the ‘ssential service water system, which would
result in a pressure of 2165 pctt.' This condition would

be cntrol-I{ unusual and Lf it 414 occur, would occur less
than 18 of the time, Nonetheless, it is only 85 8lg greater
than what has been identified as the test load (2080 psig).
It can be seen by inspection that the 2080 psig test loa

and the 2165% ’ll, postulated by the IDI Team are well within
the cagcbtltt{ of the gl ing system, This was indicated by
the IDI Team in the ID port as follows: :
"However, the installed slplnq is adequate since it is
crated for 2367 psig based on the allowable wocktng pressure
listed in Sacrgent & Lundy (S&L) Standard MES-2.5 for 6~
inch schedule 120 pipe (Reference 2.64)."

It should be noted that S4L engineers have access to and utilize
the above-mentioned S4L standacd. This S&L Standard is a
document where code maximum allowable working pressuces ace
delineated for various plpe sizes, schedules, and matecrials.

The IDI Team indicated that the calculations pecformed were
contrary (relative to the IDI Team's postulated "more appro-
peiate pressure™) to the ASME Code, Section III, Subsection
HD=3612.3, which states (as indicated in the [DI Report) that
the pump piping shall be designed for the maximum pressuce
execrted by the pump. The complete code statement is:

“Pump discharge plping shall be designed for the maximum
pressuce exected by the pump at any load and for the highest
corcesponding temperature.”

We conclude that we have satisfled this crequictement. The

punf discharge plping provided (nominal wall pipe) has a code
design maximum pressure capability in excess of the postulated
pressure, The Code foes not define this postulated scclluro
a8 the "design pressure® (as indicated earlier, the esign
pressure definition In accordance with ND-J112.1 is 17%0 psig),
nor does |t ro?utrc that this pressure be used in determining
the minimum wall,

In addition, the following Code section states:
“NR-J612.) Allowance for Vaclations From Design Conditions
() It is recognized that variations in pressure and
tempecature lncvttablz occur and thecefore the plping
system shall be considered safe for occasional Jperation
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for shot periods at higher than the design pressure or
temperature as limited ian (b).

(b) Either pressure or temperature, or both, may exceed
the design values if the stress in the pipe wall calcu-
lated by the formulas using the maximum expected pressure
during the variation does not exceed the S-value allowable
for the maximum expected temperature during the variation
by more than the following allowances for the periods

of duration indicated:

(1) Up to 15% increase above the S-value
during 10% of the operating period;

(2) Up to 20% increase above the S-value
during 1% of the opening period."

Note: There is a typographical error in the Code,
1% of the opening should be 1% of the operating period.

The postulated 2165 psig that the IDI Team considers more
appropriate would fall under ND-3612.3 which allows a 20%
increase above the S-value (allowable stress) if the duration
is expected 1% of the operating period. We have demonstrated
that this condition can be met with no code permissible in-
crease in allowable stress. This is clearly conservative.

Information was forwarded to IDI Team after the IDI by letter
dated July 5, 1983 transmitting additional information for
calculating minimum wall thickness. This information included
a table provided by the Piping Fabricator. We indicated that
it was a practice (non-required, non-safety-related function)
of the Fabricator at the time (1975) to do a minimum wall
calculation. The Fabricator used the larger of the maximum
operating pressure or design pressure in his calculation,

At the time, the maximum of the two pressures was 1830 psig.
The Piying Fabricator did include, as part of his tabulation,
the maxin.® calculated pressure for the piping. His tabulation
indicates .l.at the piping is capable of 2369 psig for 6-inch
Sch 120 pipe. The purpose of sending the information to IDI
Team was to indicate that the piping is checked in several
non-documented ways (in addition to documented ways) and to
show that it is not uncommon to establish maximum calculated
pressures for piping. The maximum calculated pressure indi-
cates for the designer, and in this case the Piping Fabricator,
the margin that exists in the design that can be used as a
comparison for unusual or postulated operating conditions.

The fact that the Piping Fabricator had calculated the maximum
pressure was not mentioned in the IDI Report.
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Sargent & Lundy Standard MES-2.5 is a tabulation of maximum
calculated piessure for nominal wall pipe. This tabulation
for the piping under discussion was also forwarded to the
IDI Team by the above-mentioned letter and was referenced

in the Report.

The tabulation showed, as noted in the IDI Report, a design
pressure for the 6-inch Sch 120 pipe of 2367 psig.

The concern of the IDI Team was probably caused because the
minimum wall calculation was based on the design pressure
(1750 psig) which is lower than the maximum operating pressure
(2080 psig).

Although we conclude that this is consistant with the Code
and that adequate margin exists, we have reviewed the entire
Pipe Line list to verify that the piping is capable of with-
standing the greater of the design and operating pressures.
There are only 12 safety-related lines where the operating
pressure is identified to be in excess of the design pressure
as noted below:

Max.
Line Design Operating Pressure
Size Pressure Pressure Pipe Capability
Quantity (in) System (psig) (psig) Schedule (psiq)
4 4 FW 1750 1855 160 3600
4 6 FW 1750 1855 120 2367
) 1% SI 2485 2735 160 6199

In addition, as indicated in response to Unresolved Item 2-2,
the maximum pressure will be identified for all safety related
piping and the ability to satisfy code pressure considerations
will be addressed and documented for the maxiaum pressures,
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FINDING 2-12: DESIGN REVIEW CLOSEQUT

This finding indicated that Sargent & Lundy procedures

and standards do not adequately describe the method for
completing system design reviews. Procedure GQ-3.10 states
that the department standards shall describe the method

for verifying and documenting the resolution of open items
and discrepancies. Mechanical Department Standard MAS-4
does not describe the method for verifying and documenting
that correction of discrepancies has been completed.

RESPONSE

We agree with the conclusion of the IDI Team that a revision

to MAS-4 would clarify the required method for verifying and
documenting that correction of discrepancies has been completed.
Mechanical Department Standard MAS-4 states that the Mechanical
Project Engineer shall maintain a file of all design review
records for the project as well a3 a list of all unresolved
items. The Mechanical Project Engineer assigns the unresolved
items to a Responsible Engineer and documents when each item

is satisfactorily resolved. The System Design Review Status
Report is prepared and issued by the Mechanical Project Engineer.
A system review designated as "completed" documents that all
open items have been resolved. A commitment to update a design
drawing or document was considered by the Mechanical Project
Engineer to be a satisfactory response and a resolved item.

It was not required to maintain the system review open until

the drawing or document was actually released,

Sargent & Lundy is currently reviewing the Byrcn/Braidwood

system design reviews and the Responsible Engineers are advising
the Project Manager that all open items have been, in fact,
resolved and that any commitments to update drawings or documents
have been completed. 1In addition, Sargent & Lundy Mechanical
Department Standard MAS-4 is being revised tc indicate that

a system design review shall not be designated as completed

on the status report unless all reguired documents are revised

or a follow-up close out system is provided.
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FINDING 2-13: DESIGN CRITERIA UPDATING

This finding indicated discrepancies between the auxiliary
feedwater system Design Criteria DC-AP-01-BB and the actual
installation. These discrepancies were summarized as
follows:

1. Design criteria states that the minimum auxiliary
feedwater flow rate supplied to one or more unfaulted
steam generators is 470 gpm. Sargent & Lundy calcu-
lation AFJK-1 calculated 479 gpm which was used in
the Westinghouse accident analysis and documented
in Chapter 15 of the FSAR.

2. The design criteria references a pressure drop across
the flow restricting orifines of 155 psi based on
a flow of 160 gpm. Calculation AFJK-1 used a pressure
drop of 230 psi at 160 gpm based on data points from
the Daniel flow orifice calculator. Data from the
orifice supplier indicated the pressure drop to be
197.7 psi for 160 gpm.

3. The design criteria states that the developed head
of the auxiliary feedwater pump under minimum flow
conditions is 4800 feet while the actual pump perfor-
mance curve indicates a developed head of 4700 feet
! under minimum flow conditions.

This finding also requested that the general practice
of not updating design criteria be addressed.

RESPONSE

We do not agree with the conclusions of this finding.

The Byron/Braidwood design criteria were prepared and issued
as the basis and starting point for the initial system designs,
Design criteria are not intended to be up-to-date system des-
criptions, nor are they intended to reflect the final design.
fhe design drawings and document s themselves do this function.

The following responses address the individual IDI Team's
concerns regarding the auxiliary feedwater system design criteria:

1. The auxiliary feedwater design criteria was based on the
recommended Westinghouse flow rate of 470 gpm to the intact
Steam generators. Although AFJK-1 calculated 459 gpm
(which was accepted by Westinghouse), the design criteria
remains as 470 gpm. The deviation from the design criteria
was documented in the FSAR (prior to the IDI) and no change
to the design criteria is necessary.
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2. The pressure drops listed in the design criteriz for the
flow orifices and pipe friction were estimated values
based on the preliminary piping layout to demonstrate
the derivation of the auxiliary feedwater pump discharge
head requirements. Calculation AFJK-1, based on the actual

piping configuration, determined there was less pipe friction

pressure loss and therefore more pressure drop across
the orifice. The adequacy of the auxiliary feedwater
pump was verified based on the actual differential pressure
of the system. Purchase of the flow orifices was based
on a specified beta ratio, not on the differential pressure
listed in the design criteria. As stated in the response
to Finding 2-2, the actual flow orifice test data had

no impact on the calculated flow rates.

3. The pump developed head of 4800 feet under minimum flow
conditions (100 gpm) specified in the auxiliary feedwater

design criteria was based on preliminary information received

from the pump manufacturer. This number is not a design
point but was included in the design criteria for infor-
mation to assure that the piping is properly designed.

The actual test performance curves provided by the pump
manufacturer indicate a developed head of 4700 feet at
minimum flow. The pump head/flow condition has been found
through existing calculations to satisfy system design
requirements,

We recognize that some design criteria have been updated to
reflect modifications made to the design while others contain

either outdated or obsolete information. To eliminate potential

confusion, the Design Criteria Status Report will be revised
to include a status for each design criteria. The classifi-
cation of the design criteria will address the IDI Team's
concern about future use of these documents or attempted use
Dy someone not familiar with the actual status of a particular
design criteria. 1In general, modifications to a system at
this time in the project are based on the latest design docu-
ments not on design criteria.
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FINDING 2-14: PIPE WHIP CALCULATIONS

The feedwater piping inside the main steam tunnel has 27

postulated breaks. The design calculations address 22
of these breaks. Three of the remaining five breaks did
not require any calculations. F->r the last two breaks,
C22 and C29, there were no calculations and it 4id not
appear obvious th-~t the impacted concrete tunnel walls
would be capable . withstanding the pipe impact forces.

RESPONSE

To the original design engineer, it was obvious that the 5 foot

6 inch thick concrete walls being impacted by pipe breaks

C22 and C29 identified in EMD File 6535 (Reference 2.34) are
structurally adequate based on previous calculations done

for more critical combinations of break force and wall thickness.
For this reason, no design calculations were performed. During
the inspection, calculations were performed to confirm this
conclusion and submitted to the NRC IDI Team (Reference 2.154).
These calculations proved the structural adequacy of the impacted
walls and substantiated the original design engineer's engineering
judgment.

A review of all calculations for other unrestrained pipe ruptures
in the plant has shown that all pipe impacts onto concrete

walls have bYeen addressed in the calculations. Therefore we
consider this finding to be resolved.
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FINDING 2~15: ENERGY DISSIPATION ASSUMPTION

The IDI Team reviewed the basis for Sargent & Lundy's 50%
assumption, a report by Chelapati and Kennedy on "Prob-
abilistic Assessment of Aircraft Hazard for Nuclear Power
Plants" (Reference 2.90). The report indicates that,

for an aircraft striking a nuclear structure, the energy

is diminished by the process of deforming the aircraft,

This is conceptually similar to the situation for a whipping
pipe, but we found no direct connection or specific basis
for the 50% assumption that had been used in the calculations.
Procedure GQ 3.08 states that the calculation should list
the data and assumptions which establish the basis of

the design. 1In this case the assumption was listed, but

an adequate technical basis for the assumption was not
established by the listed reference.

RESPONSE

The technical basis for the assumption that 508 of the kinetic
energy of a whipping pipe is absorbed by plastically deforming

the pipe is a report “»y Chilapaki and Kennedy on "Probabilistic
Assessment of Aircraft Hazard for Nuclear Power Plants™ (Reference
2.90). Figure 9 in this report indicates that for plastic

impact, the maximum absorption factor for the wall is 0.5.

This report was used because the missile effects of the aircraft
and the pipe are similar in as much as both of them are relatively
soft when compared to the rigid concrete structures they are
impacting. Therefore, the pipe will plastically deform as

the aircraft does and the original design assumption is valid.

However, in order to further substantiate the adequacy of

the design, subsequent calculations have “een made using an
alternative approach and have bYeen submitted to the NRC IDI

Team (Raference 2.151). These calculations employ the conser-
vation of momentum principle to show that the wall can adequately
absorb the impact energy without considering the deformation

of the pipe. Since both techniques confirm design adequacy,

we consider this finding to be resolved.
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FINDING 2-16: JET IMPINGEMENT ANALYSIS

The Team found that, althcugh FSAR Section 3.6.2.2.2.1.4
indicates, for postulated breaks, how the jet impingement
force will be calculated, no jet impingement analysis

had not been performed. The Team found that, although
Sargent & Lundy personnel indicated they had intended

to do the work, no documented program or procedure was in
place to provide assurance that the work would be completed

RESPONSE

We agree that the documentation of the jet impingemert analysis
was not complete and available. However we do not agree that
a jet impingement analysis had not been done for the following
reasons. FSAR section 3.6.2.2.2.1.4 describes the methodology
for calculating jet forces if jet impingement shields are
found to be necessary. It does not contain the procedure

for assessing the potential for jet impingement damage. This
is most effectively done by assessing the vulnerability of
safe shutdown systems rather than calculating the properties
of the jets. Although no specific analysis of jet effects
exists, various studies have been completed which demonstrate
that jet impingement effects will not prevent safe shutdown.
The "work"™ that had not been completed was uot an additional
arzlysis but an accumulation of information (i.e., a summary
"road map" report) that recreates the engineering considera-
tions and assessments that were made and which demonstrates
the applicability of the existing studies to the guestion

of jet impingement. This summary report, "Jet Impingement

and Water Spray Documentation Summary,” will be completed

in January 1984.

These existing studies and documentation can be categorized

in three areas: those which identify and locate high energy
line breaks, those which demonstrate the separation and protec-
tion of safe snutdown systems, and those which describe the
Byron approach to protection against jet impingement., The
following is a list of the more significant studies and
documentation (asterisk indicates information made available

to the IDI Team):

1. Location of High Energy Lines and High Energy Line Breaks
a. High Energy Line Location

1) FSAR ~ 1978+
2) Final Review - 1981 (S&L Calculation)*

b. High Energy Line Location (Based on Stress)

1) 1980 - 1982 (S&L/W Calculations)*
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¢. HELB Located on Composites
1) 1982 (Informal)*

2. Separation of Safe Shutdown Systems

a. Color Coded Mechanical Systems Composite - 1975 (Informal)

b. Fire Protection Report - 1977 (Docketed)*
c. Safe Shutdown Report - 1981 (Docketed)*

d. Color Coded Mechanical/Electrical Composites - 1981
(Informal)*

e. Environmertal Qualification Report - 1982 (Docketed)*
3. Jet Impingement Approach

a. FSAR Sections 3.6.1.1.2, 3.6.2.3.2.7, 3.6.2.3,1.2*

b. NRC Question Response (10.40) - 1982+

€. NRC Byron SER Supplement No. 2 - 1983+

In order to more clearly show the adequacy of the Byron plant,
additional documentation is being prepared which will clearly show
the potential for and effects of jet impingement on safe shutdown
equipment and components,

This additional report will be structured as an independent
document rather than relying heavily on other documents such
as the Fire Protection Report. The input to this additional
jet impingement report will be the list of Safe Shutdown Equip-
ment, the identified high energy lines, high energy line break
locations, and the plant design drawings showing the system
configuration and plant arrangement. Each physical area in
the plant which contains safe shutdown equipment will be identi-
fied. Areas with no high energy lines in the proximity of

the equipment will be eliminated. In the remaining areas,

an assumption will be made that all equip-ment is disabled

by a jet, and, in addition, a limiting single active failure
occurs. The capability of the plant to achieve safe shutdown
will then be evaluated. In the event that a safe shutdown
path cannot be found, a more detailed analysis of tne area
will be performed, including a review and evaluation of alter-
nate shutdown patiis. The final conclusion is expected to

be identical to the summary "road map" report; namely, that
jet impingement will not jeopardize the ability to safely

shut down the plant. This report is scheduled to be complete
by January 31, 1984.

The remainder of this response describes the approach which
has been used to address jet impingement and the documentation
which was available at the time of the inspection,
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FSAR Subsection 3.6.2.2.2.1.4 is a description of a mathemati-
cal method for calculating the force of a fluid jet from a
postulated pipe rupture. This section contains no commitment
to perform this calculation for all high energy pipe ruptures.
The relevant FSAR commitment is in FSAR Section 3.6.1.1.2:

"The criteria used for protection against pipe whip and
the Commission's letter from Mr. Giambuso, dated De~ember
1972, have been met for designs inside and outside che
containment respectively. By virtue of the Construction
P:rmit date for this plant, the above is the required
minimum,

"Subsequent criteria, including that in the Commission's
letter from Mr. O'Leary, dated July 1973, and Branch Technical
positions APCSB 3-1 and MEC 3-1, have been employed to

the extent possible and practical, given the stage of
design/construction. Essentially all of the above criteria
have been met, with the exception of maximizing optimi-

zation of plant layout to provide remote location of potential
sources of pipe failure with respect to equipment essential

to protect against such failures. In these few cases,
physical separation or whip restraint/impingement barriers
have been employed."

Clearly, no jet force calculation is required if protection

has been provided by the preferred means of remote location

of the high energy lines and/or the safe shutdown equipment

or by physical separation. In the event a barrier is required

to protect from jet impingement, the d-sign approach is described
in FSAR Subsection 3.6.2.3.2.7 for piping other than reactor
coolant system (RCS) piping:

"Jet impingement shields are provided as required to protect
safety-related equipment and components.

"To account for these effects in the design, a combination
of component restraints, barriers, and layout is utilized
to ensure that for a loss-of-coolant, steam or feedwater
line break, propagation of damage from the original event
is limited, and the components as needed, are protected
and available. Design loads are obtained from Subsection
3.6.2.2.2.1.4. Allowable stresses are the same as in
Subsection 3.6.2.3.2.4."

No jet deflectors were required on non-RCS piping and there-
fore, the equations in FSAR Subsection 3.6.2.2.2.1.4 were
not used, The approach to jet impingement analysis for RCS
breaks is explained in FSAR Subsection 3.6.2.3.3.3 and is
consistent with the commitment in FSAR Subsection 3.6.1.1.2.
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Jet deflectors were required at four locations on the reactor
coolant piping. Design of these deflectors is described in
FSAR Subsection 3.6.2.3,1.2.

A summary of the jet impingement design approach was provided
in the response to NRC Question 10.40 (FSAR page Q10.40-9):

"The approach to jet impingement is described in FSAR
Subsection 3.6.2. The break locations defined for the

pipe whip investigation were also examined for jet impinge-
ment eflects., The majority of locations had no effect

on equipment required for safe shutdown. This was a result
of the criteria used in design to maintain separation

of redundant systems and the use of compartments to isolate
hich energy line effects. Equipment which could be affected
by jet impingement was analyzed and moved or protected

if protection was required.”

The Byron design approach of using separation of redundant
safe shutdown systems and diversity of safe shutdown paths
is consistent with the NRC guidance in the Standard Review
Plan (SRP), NUREG-75/087. Branch Technical Position APCSB
3-1 (included in Section 3.6.1 of the SRP) states:

"Although various measures for the protection of safety-
related systems and components are outlined in this position,
the preferred method of protection is based upon separation
and isolation by plant arrangement."

The Byron approach was reviewed by the NRC staff in preparation
of the Safety Evaluation Report (SER), NUREG-0876, and found

to be adequate. Supplement No. 2 to the Byron SER (January
1983) addresses this issue in Section 3.6.1 which states,

in part:

“The plant design accommodated the effects of postulated
pipe breaks and cracks, including pipe whip, jet impinge-
ment, and environmental effects., The means used to protect
essential (safety-related) systems and components include
physical separation, enclosure within suitably designed
structures, pipe whip restraints, and equipment shields,

To be consistent with BTP ASB 3-1, the applicant used
separation as the primary means of protection, where separa-
tion was not feasible, one of the other acceptable methods
of protection was used."

The physical separation of safe shutdown systems has been
verified by a variety of efforts throughout the design cf
the plant., In late 1975, the safe shutdown systems piping
and equipment were located and color coded by division on
Containment and Auxiliary Building Piping plan and section
drawings. The Fire Protection Report (FPR) was submitted
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in November of 1977. The FPR analyzes in detail the ability
to safely shut down the plant following an initiating event
which affects various unrelated systems in an area. The FPR
containg color coded drawings showing safe shutdown equipment,
components and cables throughout the plant. The FPR was recog-
nized to be applicable to the jet impingement issue with two
qualifications., The FPR did not rigorously consider single
failure and did not consider LOCA or Main Steam Line Breaks
as initiating events. Ability to withstana single failure

is inherent because the FPR did not take credit for diversity
in shutdown paths, Each safe shutdown system is backed up

by another safe shutdown system or combination of systems

that can perform an equivalent function. Since these backup
systems are also checked for separation of redundant trains

in the FPR, safe shutdown capability is assured, LOCA and
MSLB inside containment can be mitigated with two systems

not inciuded in the safe shutdown report, Safety Injection
and Containment Spray. Both of these systems have well separated
redundant trains and do not contain active components inside
containment. As a result, jet impingement will not impair
safe shutdown capability.

Location of safe shutdown equipment remote from high energy
lines and the enclosure of high energy lines in protective
enclosures (subcompartments and tunnels) also contributes

to the safety of the plant, The initial submittal of the FSAR
(November 19278) contained piping schematic diagrams (Figures
3.6-1 through 3,6-12), which located all high energy lines.

The cocresponding P&ID's (Piping Instrumentation Drawings)

have high energy lines marked with asterisks to alert designers
to the need for special consideration of high Energy Line

Break (HELB) effects.

At a later stage in the project, it was felt that design was
finalized to the extent that high energy line locations should
be final., As a result, Sargent & Lundy calculation 3C8-1181-
001 (December 1981) was completed. This calculation located
all auxiliary building high energy lines and was used to update
FSAR Figures 3.6-1 through 3.6-12. The purpose of this calcu-
lation was to ensure that all HELB effects had been considered
in the appropriate areas of the auxiliary building. At approx-
imately the same time, a set of piping composite drawings

was marked to show postulated HELB locations in the contain-
ment and auxiliary building.

Also, in late 1981 and early 1932, sets of mechanical and
electrical composite drawings were marked up to show the location
and routing of safe shutdown components, piping, and cables,

This was done to provide an even more detailed identification

of safe shutdown systems and to show the separation of the
redundant trains,
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The IDI Team was shown all the above-mentioned FSAR sections,

the SER, drawings showing the high energy line break locations

and safe shutdown components, the FPR, and Sargent & Lundy
Calculation 3C8-1181-001. The only additional effort planned

in this area was a summary report which documented the appli-
cability of these studies and surveys to the jet impingement
issue, The location of breaks was done not for the purpose

of defining jet properties but to determine the general areas

in which jets could occur. The Byron approcach was to identify
equipment required to safely shutdown the plant and to verify that
redundant trains of this equipment were not susceptible to common
damage by a single high energy line break rather than examining
the effects of all postulated high energy line breaks. This approach
eliminates most uncertainty associated with location and direction
of jets end other HELB effects.

As noted, the safe shutdown capability of the plant following
damage to safe shutdown components is being documented in

detail., These reports will be prepared in accordance with Sargent
& Lundy QA requirements and will be retained in the calculation
files.
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FINDING 2-17: MODERATE ENERGY PIPE CRACK ANALYSES

FSAR Section 3.6.2.1.2.2 indicates that through-wall pipe
leakage crack locations are postulated based on stress
levels to maximize effects from fluid spraying and flooding.
The Team determined that this had not been accomplished

and it did not appear that the work was programmed to

be done. The design cannot be considered adequate in

this regard until this work has been done to locate those
instances where leakage might damage essential equipment
and to protect equipment as appropriate in accordance

with the licensing commitment.

RESPONSE

We do not agree with the conclusions of this finding because

they misinterpret the FSAR commitment and disregard the methodology
actually used to evaluate the effects of moderate energy pipe
cracks. This methodology (briefly discussed below), which

is very conservative and exceeds the FSAR commitments, was
explained in detail to the IDI Team but is not mentioned in

Section 2.4.4 (Moderate Energy Pipe Cracks) of the IDI Report.

FSAR Subsection 3.6.2.1.2.2 contains a commitment to evaluate
moderate energy line cracks in accordance with Standard Review
Plan guidelines:

"Thrcugh-wall leakage cracks are postulated in Seismic
Category I moderate-energy ASME Section III, Class 2 and

3 and seismically qualified ANSI B3l.l1 piping located

both inside and outside containment except where the maximum
stress range is less than 0.4 (1.2 S + S_). In unanalyzed
moderate-energy ASME Section III Clags 2%and 3 and ANSI
B3l.1 piping, this exception based on strese is not taken.
The cracks are postulated individually at locations that
result in the maximum effects from fluid spraying and
flooding, with the consequent hazards or environmental
conditions developed."”

Use of the stress criteria in the FSAR will result in cracks
being postulated at only a small portion of the potential

crack locations. 1In practice, however, the need for protection
must be evaluated early in the design process, before the

final stress values are available. As a result, a more conser-
vative approach of designing the plant to accommodate a crack
at any moderate energy location was adopted. This effectively
oounds the FSAR commitment.
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To evaluate possible flooding effects, moderate energy line
cracks were postulated at locations which would result in

the most severe flooding regardless of stress level. The
limiting locations for postulated cracks are documented in
Sargent & Lundy Calculation 3C8-1281-001, "Auxiliary Building
Flood Level Calculations (IDI Report Reference 2.15) and in
Sargent & Lundy Calculation RAS-FL-1l, "Flood Level Inside
Containment." Calculation 3C8-1281-001 utilized a calcula-
tional procedure to determine the crack or break flow rate
based on the pipe size, wall thickness and internal pressure.
Each area in the auxiliary building was surveyed and the highest
break flow rate determined. The location chosen and the flow
rate calculation for each area is documented in an appendix

to Calculation 3C8-1281-001. Section 2.4.5, Flooding Analysis
of the IDI Report states "Sargent & Lundy's Nuclear Safeguards
and Licensing Division performed an analysis of flooding in

the auxiliary building from postulated high-energy and moderate
energy line failures for the lines that would produce the

worst flooding conditions in each area."™ This statement and
Finding 2-17 are contradictory.

Evaluation of water spray from moderate energy line cracks

is not required in areas where effects are bounded by effects

of high energy line breaks (SRP Section 3.6.2). This would
2liminate essentially all of the containment. However, FSAR
Subsection 3.6.2.1.2.2 does commit to evaluate effects of

water spray inside containment. The capability to withstand
water spray is established in the Byron Environmental Qualifi-
cation of Electrical Equipment report (June 1982). All electri-
cal equipment inside containment required for safe shutdown

is qualified for spray.

Water spray in the auxiliary building will not damage equip-
ment such that safe shutdown capability is jeopardized. This
is a result of the basic design which separates redundant

and diverse safety systems. Water spray is postulated to
affect only electrical equipment and not cables or mechanical
equipment. Water spray is also assumed to not simultaneously
affect two systems separated by 20 feet or more. The Byron
Fire Protection Report (FPR) documents this separation with
color-coded drawings showing safe shutdown components as well
as tables and descriptions of the locations of these components.
The FPR does not address systems required following a design
basis event (LOCA and Main Steam Line Break) but does cover
all systems necessary for safe shutdown following damage or
failure in a system in the auxiliary building.

The FPR does not rigorously postulate single failure but it

also does not take credit for diversity of safe shutdown paths.
By examining the requirements for safe shutdown and the systems
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utilized to achieve safe shutdown, it can easily be seen that
water spray resulting from failure of a moderate energy line
will not result in the inability to safely shut down the plant.

Safe shutdown requires three functions - (1) prevention of
release of excessive offsite radioactivity; (2) negative
reactivity; and (3) removal of decay heat. Goal (1) is met

for a moderate energy line crack outside of containment because
the initiating accident does not breach the primary system

and containment isolation is not required. Goal (2) requires
only that the reactor protection system function for hot shut-
down. This will not be affected by water spray in the auxiliary
building. Cold shutdown may require boron addition, depending
upon plant conditions. As discussed in the FPR, damage to

the boron transfer system can be repaired within 72 hours.

The charging system is used to inject boron. 1In the event

both centrifugal charging pumps are lost through a combination
of water spray and single failure, the plant could be main-
tained in a hot shutdown condition until the damage is repaired
or the non-safety-related positive displacement charging pump
is made available,

Goal (3), removal of decay heat, is of most interest following
a moderate energy line crack. FSAR Table 3.6-3 lists six
systems required for safe shutdown in this case. These six
systems, used to remove decay heat, are:

a. Residual Heat Removal System (RH);

b. Chemical and Volume Control System (CV);
€. Auxiliary Feedwater System (AF);

d. Component Cooling System (CC);

e. Essential Service Water System (SX); and

£. Essenti-i( Service Water Makeup System (Byron Only)
(SXM)

The function and redundancy of these systems can best be seen
by examining a diagram of the various paths for safe shutdown
decay heat removal as shown in Figure 1. This diagram shows
four paths. Two of these reach cold shutdown within 72 hours
while the other two (without RHR) may taken longer than 72
hours. These paths assume offsite power has been lost.

Section B.3.6.3 of Branch Technical Position ASB 3-1 states
that if the initiating failure is in a normally operating
moderate energy system, postulation of a single active failure
is not required in the redundant train of that system. The
RH, CC, SX, and SXM systems fall into this category.
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The SX and SXM systems are required for all shutdown paths,
The redundant SX “rains are separated and contain relatively
few active components., A single failure analysis of the SX
system is included in the FSAR in Table 9.2-2. The SX pumps
are the only vulnerable components of interest, In their
location in the auxiliary building basem=»nt, the pumps could
be affected only by a crack in the same SX train and therefore
no single failure is postulated in the ir lundant train. Even
in the event both trains of the SX system for one unit were
out of service, the SX valves could be aligned to supply the
CC and RH systems from the other unit,

The only source of spray in the vicinity of the CC pumps is
the CC piping. Due to the arrangement of the pumps, spray
from a single source would not affect more than one other

pump in addition to the failed train. The plant can be safely
shut down with any two of the five pumps operating. Since
single failure is not required and no other components are
vulnerable to spray, safe shutdown can be achieved.

As shown in Figure 1, the RH system is required only to reach
cold shutdown in a short time. The only RH component outside
containment which could be affected by spray is the RHR pump
motor. This motor is located in a room adjacent to the contain-
ment which contains only one train of the RH system. As a
result, any crack which causes failure of one RHR train will
not require postulation of a single failu<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>