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Memorandum for Lee V. Gossick
Executive Director for Operations

From: Richard T. Kennedy ,/455;22?’

Subject: QUALITY ASSURANCE PROGRAMS FOR
NUCLEAR POWER PLANTS

Events related to the recent shutdown of five nuclear
power plants for seismic-related concerns and the
recent chain of events related to North Anna Unit 1
suggest that the quality assurance programs for
nuclear power plants may require additional staff
attention. In particular, errors associated with such
a simple matter as the weight of a check valve raise
doubts regarding the adequacy of such programs.

I would appreciate receiving staff's views on this
subject, including any additional actions which
staff may recommend.

cc: Chairman Hendrie
Commissioner Gilinsky
Commissioner Bradford
Commissioner Ahearne
S. Chilk, SECY
A. Kenneke, OPE
L. Bickwit, 0GC

HERRMANB5-301
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uestion Specifically Qhat was reviewed and on what basis was it

arproved in the CP/OL reviews of these five plants?

Answer The safety analysis reports for these plants, as amended,

formed the basis for staff conclusions on their licensability. The
material that was provided in the SARs for the structures, systems and
components for these plants consisted of a general description of the
dynamic analysis methods, the load:which were combined, the allowable
stress and deformation limits applicable to the combined loads, the
structural damping values used in the dynamic analyses and representative

results of the analyses.

The reviewers measured the seismic designs in these safety analysis reports

"

against staff positions contained in a "Reactor Technology Memorandum
+ wids €& “*omaf’“-hwf 'f'n.g 7:/”‘ .‘\ ,n"z u;[( ‘l omi, p(‘

developed about 19€8. ,\Ihis-memonandum and otﬂggg;i}ke:itT—were—transm+tfed

to individual applicants in the course of specific case reviews to inform

them of acceptable methods of complying with regulatory requirements.

The Reactor Technology Memorandum on seismic design requirements contained
detailed guidance on acceptable load combination methodology, stress

limits, deformation 1imits and damping values. It did not treat the subject
of intramod%@ response combinations and thus contained no guidance on
acceptable methods of combination. Generally accepted engineering practice
at that time was the so-called SRSS methodology which is acceptable

under today's requirements. This 523;;::§§bn'has subsequently been further
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deve1opg? and incorporated into Regulatory Guides, Standard Review

Plans and the ASME Boiler and Pressure Vessel Code.

The staff position at the time of licensing of the 5 plants was that a

dynamic analysis be performed for all structures, systems and components

T ——

’/;;eded for plant safef}?& Bcceptable analysis methods were widely avail-
able and understood well before these plants were licensed. The staff
did not question applicants on their dynamic analysis methods to the

depth or in the detail that would have been necessary to roveal the

e ———. < —

/'

problem that has now been found for these five p]ants‘f’The architectural

_—_____- ———"

engwneering fxnms emp1oyed qua1ified dynamic ana1ysts and—the staff

: accepted that-technically correct theory was used~1mrvnw1nng the dxggm}c

analysis-computer pragrams.
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Guestion: " s ecifically what was reviewed and on what basis was it

approved in the CP/OL reviews of these five plants?

Answer: The material that was reviewed for the structures, systems

and compone its for these plants consisted of a general description of the
dynamic analysis methods, the load combinations used, the allowable
stress and deformation 1limits applicable to the load combinations,

the structural damping values used in the dynamic analyses and

representative results of the analyses.

The reviewers measured the seismic designs in these safety analysis
reports against specific staff positions contained in a "Reactor
Technology Memorandum." This memorandum ana otherslike it, were

\vx;‘q;u"».- [ o oy e :“"L""‘-‘- Cme Vet

transmitted tgkapplicants {B inform them of the-most acceptable method
of complying wity the_General Design Criteria. | oy
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The Reactor Technology Memoranaum on seismic design requirements
contained detailed guidance on acceptable load combination methodology,
stress limits, deformation limits and damping values. This information

Aoy e s lend awd-
has subsequently beensincorporated into Regulatory Guides, Standard

Review Plans and the ASME Boiler and Pressure Vessel Code.

The staff position was that a dynamic analysis be performed for all
structures, systems and components needed for plant safety. Accept-
able analysis methods were widely available and understood well before

these plants were licenseJ. The staff did not question applicants on
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. their dynamic dhalysis rethods to the depth that would have been
f
necessary co reveal the problem that has surfaced on these five plants.
The architectural engineering fims employed qualified dynamic analysts

and the staff accepted that technically correct theory was used ir

writing the dynamic analysis computer programs.

In the early years, 1963 to 1967, no particular procedure was
specified by the staif for combining the seismic responses due to
horizontal and vertical earthquake components. The most cozmon
nethod of combining the effects due to multi-component earthquakes
was the use of the "square-root-of-the-sum-of-squares” procedure.
The method was used till 1971, During the period from 1971 to 1973,
a more conservative procedure, requiring use of the sua of the abso-
lute values of the largest horizontal and vertical cocponents became

the accepted method for response combination.

Recent studies indicate that the design spectra deiined previously
have an equal probability of occurrence in any horizontal direction,
and the records show that earthquzke motions occur in all three
directions simultaneously, without consistent relations among the
motions in the various directions. Hence, since Novecber 1972, the
staff has required that three components of earthquake motion (two
horizontal and one vertical) should be considered in the seismic
analysis by taking the square root of the sum of the squares of the
maximun responses of each of the three components.



CHRONOLOGY

ST Pipe Stress Analysis Issue

Note: This chronology -epresents information available to the NRC as
of March 15, 1979. It does not necessarily fully or accurately
reflect the actual sequence of events which occurred prior to the
March 8, 1979 meeting.

10/26/78

10/27/78

10/27/78

10/31-11/3/78

11/9/78

Prompt report LER 78-053/01P to NRC Region I via
telecon from Duquesne Light Company. Report said
that hand calculation errors resulted in stress
levels above ANSIB 31.1, 1967 but only in one case
of six flow paths.

Daily Report by Region I to I&E headquarters included
as a reportable occurrence - inadequate piping
supports during review of safety injection pipe
stress analysis by the A/E (S&W), several points

on the 6-inch and smaller piping were found to

be inadequately supported. In the event of safety
injection system operation during a DBE, 5 points
could exceed the code allowable stress. A design
change for safety injection piping supports will

be accomplished prior to unit startup in mid-November.
The unit has been shutdown since July 28, 1978

for replacement of a failed main transformer.

Written interim LER submitted by Duquesne Light
Company. DLC reported the problem was not a design
error,

IE Inspection 50-334/78-30 - Region I followup on

24 hour report. Inspector raised a number of
questions including: What assurance can be given

to show that the calculational error applies only

to the six points in question? To only the Safety
Injection system? To only the Beaver Valley facility?

Second interim LER submitted by Duquesne Light Company
indicates conditions reported on 10/26 were
subsequently found to be acceptable.



11/14-17/78

11/16/78

11/30/78

12/01/78

12/04/78

12/05/78

12/06/78

el e

IE Inspection 50-334/7€-33 - Region 1 inspectors
followup but no information available onsite.

Region | Daily Report indicated a rereview by

A/E found that the previously reported condition was
erroneous and that no inadequately supported piping
existed, a full report of the situation is being pre;e~=:
by the A/E and a followup to the LER will be submittec

by the Licensee to NRC.

Followup calls to site by the IE inspector attempting
to seek additional information.

Followup calls to site by the IE inspector attempting
to seek additional information.

Followup calls to site by the IE inspector attempting
te seek additional information.

Followup calls to site by the IE inspector attempting
to seek additional information.

LER 78-53/01T-0 was subnitted to NRC by licensee.
Conclusion was that "corrective action has been
reviewed, approved and satisfactorily completed”.
The report attributes the pipe overstress to diff-
erences between stresses analyzed by PSTRESS code
and those done by the chart method. IE mentions
differences between PSTRESS and NUPIPE codes in
force summation but does not elaborate on them.

It concludes that PSTRESS used methods acceptable
for Beaver Valley Unit 1 generation plants. It
states that Reg, Guide 1.92 issued in December
1974 established for facilities docketed after
April ‘1975 more conservative techniques for intra-
modal combinations of generalized loadings. The
report states that analysis showed that only one
safety injection system pipe required modification -
the addition of one snubber and the redesign of
one support. The attachment to this LER provided
additional historical! information as follows.
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Duquesne Light Company reported in an attachment
to the December 6, 1978 LER 78-53/01T7-0 that to
generate data needed for installation of a net
positive suction head modification to the Beaver
Valiey Unit 1 safety injection system, they (Stone
and Webster) decided to "code in" the six inch

SI lines into a currently used computer program
(NUPIPE). DLC indicated original design used the
PSTRESS code. No results of an analysis at this
stage were reported by DLC to NRC.

Subsequent to the above activity the attachment states
the Beaver Valley Power Station was notified by

a vendor that check valves in SI system were actually
heavier than used in design at construction stage.
This increased weight was used as input to the

above NUPIPE model and found not to "affect” the
piping design. The Architect Engineer (Stone and
Webster) also concluded that the hanger designs

need not be changed as a result of using the correct
(heavier) weight for these valves. However errors
were said to have been discovered in the hand calcu-
lation method. It was determined that piping analysis
showed local overstress at several anchors but

no overstress in "the pipe" alone.

Per attachment to LER 78-53/017-0, a more thorough
evaluation was initiated to determine if "any other
annulus piping" originally designed by the chart
(hand calculation) method was overstressed.

Per attachment to LER 78-53/01T7-0, licensee found that
SI lines had been "as-built" reviewed in 1974 and thet
two of the six lines had been (at that time) coded

into PSTRESS (not just hand calculation method) .

The PSTRESS code was re-run using the correct

value weights and resulted in acceptable pipe stresses.

Also per attachment to LER-78-53/01T-0, licensee
acknowledges that PSTRESS and NUPIPE are different
with NUPIPE being more conservative but asserts
PSTRESS methods were accepted for Beaver valley 1
and is the basis for all computerized Category I
pipe stress analyses performed.



12/1/78

12/12/78

12/14/78

12/18-20/78

12/22/78

s & »

(It is NRC understanding that results were unsatisfeciz-s
on two of three lines, but snubber and support
modifications on one line reduced the overstress

on the second line such that no modifications on

that line were necessary.)

The pre December 6, 1978 review of annulus seismic
piping was limited to lines that had been previously
analyzed using the hand calculation method (2-1/2
inch to 6 inch lines). 103 lines were identified,
55 were reviewed and found acceptable. Licensee
noted that PSTRESS results were still available

for 48 of the 103 lines from the 1974 as built
review and were “acceptable”.

Licensee notes its Engineering Department is "continui-:
a review of the architect-engineer findings".

Followup calls to site by the IE inspector to seek
additional information.

Region I IE inspector telephoned NRR Licensing Projec:
Manager to obtain a contact for informal discussion c*
technical questions.

Region I Daily Report - Further review of in-contain2-3
SI system piping supports identified one line requirir:
support modification, attributed to an error in

original design calculations.

Regional inspector was telephoned by NRR individual
who was designated as contact. Preliminary technical
discussion was held about potential problems.

IE Inspection 50-334/78-34 - Region 1 followup on

12/6 LER. During this inspection, the inspector
reviewed the detailed report submitted to the licenses
by A/E and discussed the results of that review with
representatives of the licensee and A/E.

Region I inspector discussed with NRR individuals vie
telephone questions he had as a result of discussions
he had with S&W on 12/18-20/78. The NRC individuals

involved determined that there was a possible proble~.



1/18/79

1/23/79

About

2/2/79

2/2/79

2/5/79

3/1/79

3/8/79

= B =

Mermorandum mailed to 1Z Headquarters requesting

that information be forwarded to NRR for review.

The memo defined concerns to include:

1. Reconciliation of the differing analysis results
to assure that the design methods used are
neither incorrect nor unconservative.

2. The need for further licensee review of piping
potentially affected by any incorrect or
nonconservative calculation.

The IE Inspector provided copy of the 01/18/79
memorandum to Licensing Project Manager.

Discussion between IE inspector and NRR project
manager determined that a formal transfer had not
been made of the 01/18/79 memorandum to NRR.

A formal request for DOR's Engineering Branch support
(TAC form) was prepared by the project manager.

IE inspector was informed by IE:HQ that telephone
discussion had established that NRR was working on
the problem and that a formal transmittal would be
made.

During a conference call to DLC and S&W, a computer
run was requested for DOR review. Since S&W
corporate policy was not to provide such runs, a
meeting was set up for S&W to bring in a computer
run for DOR review at Bethesda.

A technical meeting was held between DLC, S&W, and
the NRC staff to discuss and review the PIPESTRESS
end NUPIPE codes. The NRC approached the review
with the belief that the two codes were acceptable
and that some modeling or input problem created the
results in question. It was revealed that the
PIPESTRESS code used an algebraic summation of
seismic loads which in the absence of a detailed
time history analysis, gave unconservative results
in the seismic stresses. Management was immediately
informed and a manzgenent level meeting arranged
with DLC and S&W.



3/8/79

3/9/79

3/10/79

3/10/79

-6 -

A management level meeting was held with DLC and S&W t¢
arrange for immediate review of the Beaver Valley

pipe stress analyses. Commitments were requested of
S&W to identify the systems and plants involved, the
inadequacies expected and the reanalysis to confirm
safe operation. No definitive information was
available at that tinme.

Numerous staff meetings were held at Bethesda to

scope the problem, quantify the effects if a seismic
event were to occur. Telecons were made to S&W

on the schedule of commitments for further information
on Beaver Valley. The utilities were notified.

The Chairman was advised. Three staff members were
sent to Roston to provide immediate review and
analysis of results. DLC sent eight people to Boston
to assist in expediting the review.

Daily Report - Part 21 report from Duquesne Light
Company advising that seismic analysis of outside
recirculation spray pump was invalid in that actual
mounting is different from analyzed. A new analysis

is in progress. Procedures for pipe hanger calculatiors
are also being re-examined, with no conclusions drawn

yet.

Staff meetings continued as pieces of information
were fed back from Boston. The 1&E Duty Officers
were advised of actions. The NSSS vendors for the
plants were contacted to assure no other codes for
pipe stress during that period used the same algebraic
approach. A DOR Assistant Director was sent to
Boston to provide management review and oversight.
S&W's computer was dedicated full time to these
stress calculations and extended work hours for data
reduction was instituted for S&w staff. NRC options
were explored and draft materials developed to
support appropriate action based on the technical
results becoming available on Beaver Valley.



3/11/79

3/12/79

3/13/79

3/14/79

a3 »

Early S&W reanalysis results on Beaver Valley runs
indicated problems with pipes as well (originally
thought only supports). Licensees' top management
was contacted to assure action underway by all

plants to identify inadequacies and obtain reanalyses
of stresses in all affected safety systems.

Additional information from DOR staff in Boston
confirmed pipe stresses above allowable and unaccept-
able.

In view of the safety significance of this matter as
discussed above, the Director of the Office of
Nuclear Reactor Regulation has concluded that the
public health and safety requires that the present
suspension of operation of the facility should be
continued: (1) until such time as the piping systens
for all safety systems have been reanalyzed for
earthquake events to demonstrate conformance with
General Design Criterion No. 2 using a piping
analysis computer code which does not contain the
error discussed above, end (2) if such reanalysis
indicates that there are components which deviate
from applicable ASME Code requirements, until such
deviations are rectified.

Arrangements were then made to brief the Commission
on this matter. All the licensees were notified of
the Director's decision.

The Commission was briefed and concurred in the NRR
Director's decision.

The Yicensees confirmed by telecon that the Orders
were received and provided times when each

facility would be in cold shutdown. A1l facilities
will be at or below 200°F by 10:40 p.m. on March 15,
1979 in conformance with the Order.

Subsequently all affected licensees were notified
by telephone that the Orders were executed and that 2
copy would be transmitted by facsimile.



Questions:

6. This particular matter should be carefully reviewed to determine
potential generic irplications for the treatment of seismic loadings

in other plant designs;
8. A review of the circumstances through which the problem, its nature,

and its origin were made known to the staff, and the implications
for future technical review procedures of these circumstances.

Response:
Questions 6 and 8 are sinilar in nature; therefore a single response

TopairT is Ero‘i d which includes discussion of the following:
r;t review and investigztion of the Stone and Mebster pipe stress
problems;

2. planned followup actions to determine potential generic implications

of the prcblem;

3. current review and inspection practices; and

4. future actions.

1. &vieu and nvestigation of the Stone and Webster hpeStress
oblem.

An investigation will be conducted by I&E to determine the pertinent

facts associated with the methods used by Stone and Mebster to calculate

stresses on safety-related piping and piping supports in the event

of an eathquake at the Beaver Valley plant. This investigation will
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investigation will be coordinated with inspection of Duquesne Light

Company's activities regarding this problem as well as the ongoing

NRR review of the detailed technical data.

mbm The purpose of the investigation is to determine:

How the improper calculational technique came to be used;
When and how the error was detected;

What was done to identify and correct all of the erroneous
effects; and

Whether 10 CFR 21 was involved.

As a part of the investigation the following specific points or

' questions will be addressed.

Develop a chronology of each method used in analysing pipe stresses
For each method describe its specific uses and use limitations. For
each change in methadology describe what motivated it the change.
Determine on what facilities and specific systems each method was
used. specifically include subroutines such as the SHOCK sub-
routines of PSTRESS. Also include hand calculation and/or use of
charts or tables.

For Beaver Valley what specifically precipitated a review of pipe
stresses? When wa;»the first recalculation hbne? Hhét method was

used? Did the results identify a method problem? How was it handled?



3. \When did anyone in S& first know that PSTRESS contained erroneous

stress summation? How was the error detected? What actions were
taken (and when) to assess the effect on analyses already done? UYho
(including organizational level) knew of these problems?

4. Determine what Stone and Webster system(s) exist(s) to investigate
the generic implications of any deficiency or error which is identified.
Consider both for an active individual plant and for a plant which has
passed through the stage where the deficiency or error is encountered.

5. Confirm that the five plants identified as potentially effected are

in fact all that are effected.

Planned ﬁnowup NRCActwons to Determme gotentwl éenenc]nphcat\ons
of the Problem.

The staff is also preparing an Information Bulletin to the industry
informing them of the problem and requesting them to review selected aspects

of the methods they used to calculated stresses in safety-related piping

during seismic events.

The results of the Stone & Webster investigation‘G the Information
8ulletia and respon%will be reviewed to determine (1) whether detailed

investigations at other Architect Engineering and Nuclear Steam Suppliers

are indicated and (2) the scope and extent of such investigations.



The results of all investigations performed in connection with this
matter will be reviewed to determine whether NRC technical review and
inspections techniques and strategies should be reviewed and revised

based on the information obtained.

3. Cuvrent evitwd ind Tns pecton ackices
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The NPC Staff reviews and evaluates the description of the quality

assurance (QA) program for the design and construction phases in

each application for a construction permit (CP), a manufacturing
license, or a standardized design approval in accordance with

applicable portions of Standard Review Plan Section 17.1

The applicant (and its principal contractors such as the RSSS vendor,
A/E, constructor and construction manager) must establish a QA program
for the design and construction phases in accordance with Appendix B

to 10 CFR Part 50, "Quality Assurance Criteria for Nuclear Power Plants
and Fuel Reprocessing Plants." The apﬁﬁicant's QA program (including
its principal contractors) must describe in the PSAR or SSAR how each
criterion of Appendix B will be met. The acceptance criteria used by
the staff to evaluate this QA program as listed in the following eightcen
subsections. The acceptance criteria include a commitment to comply
with the regulatory positions stated in specified Regulatory Guides of
industry standards including the requirements of ANSI Standard N45.2.12.
Thus, the commitment constitutes an integral part of the QA program
description and requirements. Exceptions and alternatives to these
acceptance criteria may be adopted by applicants provided adequate
justification is given; the staff review allows for consideraable
flexibility in defining methods and controls while still satisfying
pertinent regulations. When the QA program description meets the
applicable acceptance criteria of this subsection or provides acceptable

exceptions or alternatives, the program is considered to be in compliance

with pertinent NRC regulations.
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With regard to the acceptance criteria for Design Control the

activities related to Design Control are acceptable if:

.

,A The scope of the design control program includes design activities associated with
the preparation and review of design docurents including the correct translation of
applicable regulatory requirezents and design bases into design, procurcment and
procedural documents. Included in the scope are such activities as field design
engincering; physics, sefs~ic, stress, thermal, hydraulic, radiation, and the
SAR accident analyses; associated co-puter programs; compatibility of materials;
accessibility for inservice inspection, raintenance, and repair; and quality

standards.

(ﬁ) Organizational responsibilities are described for preparing, reviewing, approving,
and verifying design docurents such as system descriptions, design input and cri-
teria, design drawings, design analyses, corputer programs, specifications, and

-

procedures. -

(.ZZ) Crrors and deficiencies in approved design docurents, including design methods
(such as computer coces), that could adversely affect structures, systems, and

components important to safety are docurented; and action is taken to assure

that al) errors énd deficiencies are correcled.

C#) Deviations from specified quality standards are identified and procedures are

established to ensure their centrol.

Internal and external design interface controls, procedures, and lines of comauni=-
cation among participzting design organizations and across technical disciplines
are established and described for the review, approval, release, distribution, and

,\
&

revision of docu:zents involving desian interfaces.

c Q Guidelines or criteria are established and described for determining the method of '
design verification (¢esign review, alternate calculations, or test).

Procedures are established and described for design verification activities which
assure the following:
The verifier is qualified and is not directly responsidble for the design

(i.e., neither the performer or his jemediate supervisor). In exceptional
circunstances, the designer's irnediate supervisor can perform the verifica-

tion provided:

(1) The supervisor is the only technically qualified individual.

(2) The nced is individually documented and approved in advance by the super®

visor's ranzgerent.

QA audits cover frequency and effectiveness of use of supervisors as

)

design verifiers to guard against abuse.
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b. Design vurification. if other than by qualification testirg of a prototype or
Yead production wnit, §s cc-pleted prior to relcase for procurencnt, manys
facturing, construction or to ancther organization for use in other design
activities. 1In those cases where this tining cannot be met, the design veri-
fication may be ceferred, providing that the justification for this action is
docurented and the unverified portion of the design output document and all
design output docu-ents, based on the unverified data, are appropriately
fdentified and controlled. Construction site activities associated with a
design or design change should not proceed without verification past the point
where the installation would becore irreversible (i.e., require extensive
demolition and re~ork). In al) cases, the design verification should be
conplete prior to fuel load for a plant under construction, or in the case of
an operating plant, prior to relying upon the corpcnent, system, or struclure

to perform its funciion,

c. Procedura) control fs esteblished for design docurents that reflect the com-
mitments of the SAR; this contro) differentiat~« between Cocutents that receive
forma) design verification by interdisciplinary or multi-orgznizational teams
and those which can be revie~ed by a single individual (a sigrature and date
is acceptable docurentation for personé;l certification). Design documents

subject te procedural control include, but are not limited to, specifications,

calculations, co-puter programs, system descriptions, SAR when used as a

design docu-ent, and Crawings including flow diagrams, piping and instrument

diagrams, control logic diagrems, electrical single line diagrams, structural
systems for major facilities, site arrangaments, and equiprent locations.

Specialized reviews should be used when uniqueness or special design

considerations warrant,

d. The responsibilities of the verifier, the areas and features to be verified,
the pertinent considerations to be verified, and the extent of documentation

are identified in procedures.

Cg)rhe following provisions are included if the verification method is only by test:

a. Procedures provide criteria that specify when verification should be by test.

b. Prototype, component or feature testing is performed as early as possible
prior to installation of plant equipment, or prior to the point when the
installation would become irreversible.

€. Verification by test is performed under conditions that simulate the most-
adverse design conditions as determined by analysis.

(@ Procedures are established to assure that verified computer codes are certified for
use and that their use is specified.

(A) Design and specification changes, including fields changes, are subject to the same
design controls that were applicable o the original design.

(A? The description of the design control provisions satisfies the criteria of Regulatory
) Guide 1. 64,
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With 1'egard to these acceptance criteria, the staff has taken steps

to clarify this Standard Review Plan section as to controls that

apply to the development and use of computer codes. The specific

changes to the acceptance criteria listed above are indicated below:

(;”ﬁ The scope of the design control program includes design

(3

activities associated with the preparation and review

of design documents including tﬁe correct translation

of applicable resulatory requirements and design bases
into design, procurement and procedural documents.
Included in the scope are such activities as ficld design
engincering; physics, seismic, stress, thermal, hydraulic,

—

radiation, and the SAR accident analyses; associated computer

programs; compafibility of materials; accessibility for
inservice inspection, maintenance, and repairf and quality

standards, -

.

Organizational responsibilities are described for preparing,
reviewing, approving, and verifying design documents such
as system descriptions, design input and criteria, design

drawings, design enalyses, computer programs, specifications,

and procedures.

Errors and deficiencies in approved design documents, including

design methods (such as computer codes) that could adversely
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s{fect structures, systems, and components jigortant

to safety are documented; and action is taken to assure

that all crrors end deficicencies are corrected.

(‘7)& Procedures are established and described for design

verification activitices hhlch assure the following:

ol is established for design docu-

ments of the SAR; this

e Proccdural contr

"ments that reflect the comnit

rerentiates betveen documents that receive

control dif
n by interdisciplinary or multi-

formal design verificatio

organizational teams and those which can be reviewed
by a single individual (a signature and date is acceptable
ication). Design

documentation for personnel certif

ubject to proccdural control include, but are

tions, calculations, Computer

SAR when used as @ design

documents S

not l1m\ted to, specifica

Qrograms, system descrlptlons,

document, &nd draw1ngs including flow diagrams, piping

and instrurent diagrams, control logic diagrams, electrical

single line diagrams, structural systems for major
facilities, site arrangements, and equipment locations.

specialized reviews should be used when unigueness oOF

special design considerations warrant.

(q) @ Procedures are established to assure that verified computer
4 for use and that their use is

codes are certifie

specified.
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The staff review at tre Construction permit stage of the i.cthods

of anilysis for seismic Category I components includes a review

of the descriptions of all computer programs which will be used in
the analyses. The acceptance criteria utilized by the staff for this

review are provided in Standard Review Plan Section 3.9.1. They

are follows:

A Vist of corputer prograss thet will be used in dynamic and static analyses to
determine the structural and functional integrity of seismic Category I Code and
non-Code items and the aralyses to determine stresses shall be provided, including

a brief description of each pregran and the extent of its application. The design
control measures, as required by Appendix B of 10 CFR Part 50, that will be crployed
to demonstrate the applicadbility and validity of these computer progréms should

meet one of the following criteria:

a. The computer prograz is recognized and uide!j.used. with a sufficient history
of successful use to justify its applicability and validity without further
demonstration by the applicant. The dated program version that will be used,
the software or operating system, and the hardware configuration rust be
specified to be accepted by virtue of its history of use,

b. The compuler progren soluticns to a series of test problems with accepted
results have been Cemonstrated to be substantially identical to those obtained
by a similar progres which reets the criteria of (a) above. The test problems
shall be deronstrated to be similar to or within the range of applicability
for the problems aralyzed by the computer program to justify acceptance of the

program,

S

The program solutions to a series of test problems are substantially identical
to those obtained by hand calculations or from accepled experimental *ests or
analytica) results published in technical literature. The test problems shall
be demonstrated to be similar to the problems analyzed to justify acceptance

of the prograa.

A summary comparison of the results obtained from the use of each computer program
under options (b) or (c) above with either the results derived from a similar

program meeting option (a), or a previously approved compuler program, or results

from the test problems of option (c) shall be provided. They should include repre-

sentative comparisons of responses due to static and/or dynamic loading, preferably

in graphical fora.



The specific review procedures described in Standard Review Plan

Section 3.9.1 used in applying these acceptance criteria are

as follows:

The information pertaining to corputer programs which is prescnted in the applicant's
SAR is reviewed as follows:

a. The list of prograns fs e.aluated to determine that the applicant has ade-
Quately described each pregram with respect to the type of analysis that is
performed and the specific corperents to which the progrem is &pplied.

b. The design control reasures, which are requircd by 10 CFR Part 50, Appendix B,
are revicwed for each progrem. The procecdures outlined in subsection 11.2.a,
b, or ¢ nust be met for ezch program. Verification by the applicant that he
has met the require-ents of at least one o! the above paragraphs is acceptable.

€. The summary comparison of the results obtained from the use of each program
which is not recognized and wicely used (See subsection 11.2) with either the
results derived from a sicilar recognized and widely used program, a previously
approved corputer program, or results from test problems is reviewed and
evaluated. Nuzerir-' results so derived should compare favorably cnough to

provide confidence in the validity of the program,

Any deviations that have not been justified to the satisfaction of the staff are
identified and the finding is transmitted to the applicant with a request that,
unless conformance with the MEB acceptance criteria is agreed upon, additional

technical justification be submitted.

AT



Inspecticn Practices

Vendor Inspections

The determination that vendors are properly implementing their
quality assurance procedures is the responsibility of 1E. The
Region IV office of IE hes the responsibility of performing the
vendor inspection program. This progrem is designed to (1) provide
assurance that the vendors are properly implementing their quality
assurance procedures, and (2) determine if the vendor quality

assurance procedures properly implermant the requirements and commit-

ments of their approved quality assurance program.

Code Quality Control Inspections
It was the purpose of the vendor inspections performed for this
task to provide an assessment of not only items (1) and (2)

above, but of the following as well (with regard to thermal-

hydraulic code development):

1) Are the design control procedures being appropriately

interpreted for code development?

Were previously discovered errors the result of defi-

ciencies in the Quality Assurance procedures and could they

have been avoided with better procedures?

3) Are there any critical areas in the code developnent

process in which procedures presently do not exist and are

necded?
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/
Scope Of Inspection

The vendor quality controls are applicable to computer code

development in general, &nd not to any one particular type of

computer code.

i

ricugyg

Seauch.ip the Division of/

only to those codes fithin the branch's cognizaee, name)
thermal-hydrau transient and ECCS safely analysis gOdes.
The codes #nspected at each orge ifation are lis}#d in Table
3.1. An addition to inspegtfng code files, gfic staff examine
efarmple project calgy¥etional fi]e; at £fe vendor organiz#iions.
Also examined wfe the causes of sdfie previously reporyfd code

errors. ese are listed in #eble 3.2. A detaile discussion

U .“l




4‘ Future Actions

r
There 2re several staff actions ongoing or planned that are

related to the general topic of design code verification. One,
the clarification of the Standard Review Plan in the area of

Quality Assurance requirements related to Design Control as it

applies to computer code was discussed above.

Other actions include the initiation of a program by the Office
of Nuclear Regulatory Pesearch to provide assistance to the KRR
staff in the evaluation and verification of various structural

computer programs presently used in the design of nuclear piping

systems and components.

NRR transmitted a user request to RES on January 5, 1979 which requests
assistance in the following areas: (1) Development of Benchmark
solutions for piping structures (2) Evaluation of the application

of solutions to Benchmark problems and, (3) Related Technical

consulting services.

This request has been initiated to provide the NRR staff with an
independent confirmatory capability to evaluate or verify claims made
by applicants with respect to the quality and capability of these

computer programs.
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In a sepaféte action, the staff recently undertook a recview of the
nucleir industry quaI;ty assurance controls for computer code
development and use. A draft report prepared by the Analysis Branch,
DSS, NRR documents the results of this review. The review focuses
primarily on thermal-hydraulic safety analysis computer codes. The
review was limited to the four major Nuclear Steam Supply System
(NSSS) vendors and one reload fuel supplier. While the review did not
include other types of computer codes (e.g., stress analysis) the
corclusions reached are considered generally applicable to all
aspects of NSSS vendur and fuel reload supplier safety analysis code
development and control The applicabiiity of the conclusions to

other types of safety analysis code users in the nuclear industry

(e.g., architect engineers and applicant) is not established in this

report.

Repoct

Need Summary Conclusion



