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Bethesda, Maryland 20814

Public Service Co. of New Hampshire
Seabrook Statiom - Units 1 & 2
Responses to Potential IDI Findings
for Structural Discipline

Dear Mr. Shewmaker:

Based on our discussion at the Exit Meeting of December 28,

983 and various telephone conversations, we are offering additional
information for the items listed on Attachment A. Our responses cor-
respond to Serial Numbers on Attachment A. We are also confirming our
understanding of these items and our responses. It is our belief that
our understanding and responses reflects various telephone conversations
of the last few days related to this matter.

Our responses and/or understanding of these items are as follows:

£ .32 1« See Attachment B.

£ hoq 2 A detailed calculation was performed for eccentric loading

' on the member due to bent plate connection and the result was
found to be very satisfactory. These calculations will be
attached to the appropriate calculation set.

~ 4.5 3. Our understanding is that the problem does not exist with the
liner test program conducted by Prof. Burdette and hence the
issue is considered closed. However, the Pipe Support Disci-
pline will respond by separate correspondence for the embed-
ment plate test program conducted by Prof. Burdette.

£ 4.7 4, We have reviewed Calculation Set CS-15 with respect to the
latest input from the Structural Analysis Group and have
found that the results are satisfactory. However, the . lcula-
tion will be formally revised within a to reflect this {f.form-
ation. We understand that this will be satisfactory to close
any concern on the subject.

;3.415 §. Calculation Set WB-61 including reference to SSE condition has
been revised to clarify the design of beanm B-9 and ccnpletely
signed through as a formal revision. This item will be con=
sidered closed.
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Calculation Set WB-68 has already been revised with proper
use of SP-17. The results of these changes have been found
to be satisfactory. This item will be considered closed.

Calculation Set CI-2 has been revised vith proper consider-
ation of the SSE load condition. The result of the calculation
does not change. This item will be considered closed.

The eccentric connection in annular steel framing was eval-
uated as per Mr. Lipinski's request. Proper stiffnesses were
utilized in the analysis of this connection and found that

the moment carried by the joint and the embedment plate was
comparatively small. Bolts were found adejquate as they are.
This analysis and design of the connection w.'l be made part

of appropriate calculation sets for further reference. We
understand that this should be satisfactory to resolve

Mr. Lipinski's concern and will be stated so in a final report.

Concern about inconsistencies in various documents regarding
tank farm design requirements are being reviewed. Appropriate
action will be taken to clarify all effected documents such as
FSAR, Structural Design Criteria, System Description, etc. at
a later date.

Re-evaluation and, if necessary, re-analysis will be performed
for tank farm to resolve Mr. G. Harstead's concern. The work
is already in progress with the Structural Analysis Group for
this area.

We have evaluated the eccentric connection of the girder fram-
ing into the column in annulus steel., We find that the effect
of this eccentricity is very nominal at the joint and also on
the members. Conclusion of our study indicates that the
members and connection is adequate as it is. This calculation
study will be filed with the effected calculation sets. We
understand that this will be satisfactory and stated so in the
final report.

We have not been able to locate a previous copy of Calculation
Set PB-76 for the design of platforms. However, as you have
noted during your audit, we do have a final calculation set
which proves that the platform steel is adequately designed as
it stands.
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A note on UE&C Dwg. F-101402 was revised to clarify

the grouping of shear ties as requested by Mr. Lipinski.
However, there was no <hange in the existing steel as

was furnished by the Bethlehem Steel drawing. This change
was done to avoid misinterpretation of terminology. This
item is considered closed.

The NRC's concern about the use of live load along with
seismic event is being reviewed at present by UESC. This
item will be responded to at a later date after we have
adequate information at hand.

In a telecon between K.M. Kalawadia of UE&C, Don Johnson of Yankee,
and Robert Shewmaker, R.E. Lipinski and Gunnar Harstead of NRC on January 20th
at 10:30 A.M., all of the above items were reviewed and the NRC had accepted

these answers.

1f you have any questions, please call K. M. Kalawadia.

KMK:jg
attachments

Very truly yours,

kﬂ’)}('.//,c(t//-/& '
K. M. Kalawadia
Supv. Structural Engineer
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ATTACHMENT A

PUBLIC SERVICE CO. OF NEW HAMPSHIRE

SEABROOK STATION - UNITS 1 & 2

STRUCTURAL DISCIPLINE

POTENTIAL IDI FINDINGS

DESCRIPTION

Some of the memos in the Structural Discipline files
do not have concrol numbers. A list of few of these
memos have been handed out to the Structural Disc.

Inconsistencies in design drawings and vendor drawings

exist for connections. Bent plate connection
shown on vendor drawing was not properly {dentifiad

on engineeirng drawing. -

Q. A, Requirements were not {zposed on testing
program Purchase Order vith Ed Burdett. Calibra-
tion procedures for equipment are in question.
Consider violaticn of GEDP 22 and QA 3.

Calculation Set CS 15 did not use proper {aput
data from 5.7 report.

Tank Farm Calculation Set W36l had 3 designs
for beam B-9, Design not clear. Consider
violation of GEDP-0003.

Tank Farm Calculation Set WB68 - Design of
columm line 4.5 and 5.0 using Acy SP1l7 was
not done properly. SPl7 procédure was not
followed correctly.

Calculation Set CI2 does not address SSE lcading
as defined in SD66.

Structural Steel connectismn {a annular steel
does not account for acceantricity,

Tank Farm design basis {s not quite clear
for the seismic requirement and tornado
requirements,

Tank Farm Calculation Set SBSAG 5WB does not
represent proper. stiffnesses for the
analysis, Modeling is not dcne properly

to account for concrete fill.

In Containment annular steel joint eccentricity
to columns were not considered in analysis.



SERIAL NO.

12

13

14

These items were discussed in pre-exit meeting.

ATTACHMENT A

(Cont'd)

DESCRIPTION

Calculation Set P376 did not exist at the time
of releasing drawings for comstruction ia
1976-1978 - violation of AP22.

Inconsistency exists between Bethlehem Steel
drawings and Engirzering drawings in fdentifying
stirrups for the containment reactor pic. Note
on the drawing should be revised properly.

No live load was considered in design of beam
{n RHR vault with the seismic load conditions.
FSAR and design criteria nsot quite clear re-
garding this,

further details, please contact K.M. Kalawadia.

Page 2 of

1f anyone has any cuestions or need



SERIAL
NO. DATE
1 10/15/79
v 2 6/18/79
3 11/23/82
4 2/25/74
b 8/7/74
3 2/20/74
7 3/11/76

PUBLIC SERVICE CO. OF NEW HAMPSHIRE

SEARROOX STATION - UNITS 1 & 2

CORRESPONDENCE
FROM / TO

Mehta to Hatwal

Pernice to Hatwal

Wilson to Kalawadia

Scott to Robinson

Karousakis to Rhoads

Karousakis to Hulshizer

Robinson to Grusetskie

ATTACHMENT B

SUBJECT

Tornado loads on Admin.
& Serv. Bldg.

Seismic on Admin. & Serv. Bldg.

MS & FW Pipe Chase Blowout Panels

Transmittal of basic Press-Temp-
Time Data for LOCA & Contain-
ment Design; Initial Load
Combinations for contain.design
& sub-compartments.

Finalized containment &
sub-compartments design para-
meter.

Transmittal of Temp. Transients
for Containment Secondary Shield
Wall & Wall Temp. Profiles.

Final report for Seismic Analysis

Page 1 of 3

CLARIFICATION/REMARKS

This letter was for information
only. No calculations req'd by
receiving party, Calculations were
already performed by the originat-
ing party.

- ditto =~

Calculations were performed with
72 PSF. A letter was sent to
accept vendor supplied material to
the design basis. Correspondence
to this effect is attached to the
calculation set.

Control Number SBSAC 3CS exists as
per AP-22.

This memo is written to confirm
design parameters. Outcome of
these analysis are reported in
form of a report SBSAG 7CS which
includes this information.

This memo is sent as an additional
informal transmittal of data from
other reports as it states in the
contents of the memo. Hence
control number not required.

Control Number SBSAG-4CS4 exists
as per AP-22,



SERTAL

m. Mn
8 11/3/80
S 11719775
10 11/4/75
11 10/22/715
12 10/13/76
13 9/18/74
14 5/29/715
15 9/12/74
16 6/15/79

17 11/19/76

FUBLIL DEKY ILE LU. UPFr New HAMED0 LA

SEA

STATION - UNITS | & 2

ATTACHMENT B (Continued)

CORRESPONDENCE
FROM / TO

Tseng to Flora

Robinson to Crusetskie

Robinson to Grusetskie

Robinson to Grusetskie

Robinson to Lin
(Speed Ltr.)

Grusetskie to Robinson

Robinson to Rhoads

Robinson to Grusetskie

Ebner to Sarsten

Hulshizer to Dmytryk

SUBRJECT

Containment Wall Temperature
Gradient. 4

Containment Axisymmetric Analysis
Containment Analys!s Addendum

to SBSAG-7CS3.

Containment Analysis

Contalinment Axisymmetric

Analysis - Operating Temp.
cl’td i ent.

Pressure/Temperature Design
& Analysis Criteria.

Preliminary Containment
Displacements.

Boundary Condition Restraints

Seabrook Structural Audit

Capabllities of Structural
Personne!l.,

Page 2 of 3

" CLARIFICATION/REMARKS

Contrcl Number PIN 9763.06-02-
exists as per AP-22.

Control Number SBSAGC-7CS4 exists
as per AP-22,

Control Number SBSAG-7CS3 exists
as per ”’220

Control Number SBSAG-8CS was
assigned as per AP-22.

Control Number SBSAG-7CS was
assigned as per AP-22.

Control Number SBSAG-7CS as per
AP-22.

This memo transmits preliminary
results for initial use.However,
final results are sent under con-
trol report no. SBSAG 7CS and
SBSAGC 4CS. Hence it is not neces-

sary to have control no. for this
mMemo .«

This memo was written to confirm
telecon. We do not see any impact
on final design.

This memo contains information
for internal management and has
no impact on any of our
calculation performances.

- ditto =~



Notes of Conference regarding

PUBLIC SERVICE CO. OF NEW HAMPSHIRE Page 3 of 3
SEABROOK STATION - UNITS 1 & 2
ATTACHMENT ® (Continued)
SERIAL CORRESPONDENCE
NO. DATE FROM / TO SUBRJECT CLARIFICATION/REMARKS
s 18 2/3/75 G.¥F. Cole to Design Review Master List - ditto -
Osterman
719 12/31/74 Boyle to SDE's Design Review - ditte -~
20 9/23/75 Ebner to Hulshizer Chief Engineer's Design Reviewe
of Primary Aux. Bldg. - ditto -
21 9/8/75 Kalawadia to Barnes Design Review of PAB (DRR S11) Design Review of PAB (DRR S11)
is a control number of this building.
v 22 6/17/82 Rhoads to Aggarwal Sign-off of Electrical ECA's This memo contains information for
internal management & has no impact
on any of our calculation performance.
y 3 &4/2/82 Bhatt to Seabrook Structural Organization Chart This memo contains information for
Structural Engrs (Field) and Minor Change internal management & has no impact
& Design Supvs. Definition. on any of our calculation performance.
However, the attachment has a Control
Number SM-0053.
V 24 3/18/82 Hulshizer to Processing of ECA's originating This memo contains information for
All Seabrook Home Office-Structural. internal management & has no impact
Personnel on any of our calculation performance.
25 5/30/78 Hamson to Rhoads Comments on the Implementation - ditto -
of Administrative Procedure #34. #
V26 S/S/18 Rothong to Document Review - ditto -
Seabrook SDE's &
Design Supvs.
27 3178 -

This is Notes of Conference which relates
to the DCN procedures only., There was no
direct impact on calculations.

Design Change Notlices (DCN's)
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4.1 Desian Tnkormation
-

pasd 2 H

The objective of this portion of the inspection was to detemine@the basis
ancl methods & Jesiaqn

of the material reviewed, if the-methods) the procedures,and the design Tontrols
which have been used in the Seabrook project, reflect the requirements of NRC

regulations, such as General Design Criteria, Regulatory Guides, Standard
retfererenced Mdut‘h\,
Review Plan and othcr,\codos and standards. .

Bosed on
Athe degree of consistency between the rules and regulations es—ore-hand- and

the actual practice by the applicant and his agents, en—the—othes, a determina-
i£
tion could be made of the levels quality assurance and quality control are

acceptable.

Pursuing this goal, the team reviewed the organizational structure of the
(Publie Serwes)
Public Service Company of New Hampshire (RSME), the design and construction
. ( Yo leae Adaule )
effort delegated to its agent, the Yankee Atomic Electric Company (YAEC) and
the execution of the design by the architect-engineer for the Seabrook plant,
(@7 wasns) ed on

United Engineers and Constructors N’\G-). Particular attention was

W EC ;
the interfacing between various organizations such as and @and their
subcontractors.
+he
Inpcivil/structural discipline, the applicant committed to comply with the
NRC rules and regulations, the General Design Criteria, Regulatory Guides,
Standard Review Plan (NUREG-0800) and other documents as well as the appropriate
commercial codes and standards. The basic document used in design of the

v ol
containment structure is the (ASME)Boiler and Pressure Vessel Code Section ﬂ.
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Division 2, Code for Concrete Reactor Vessels and Containments (Winter 1875

Addenda for containment liner; MinterC 1976 :td:r:d)a for reinforced concrete),
ghereirafter referred to as the ASME Codé. For other reinforced concrete

structures, the (ACI)318-71, Building Code Requirements for Reinforced Concrete,ﬁ?u‘» [ J—
(with Commentary) was used. Steel structures have been designed in accordance

with the (AIS Aszzﬁ'ication for the Design, Fabrication and Erection of

Structural Steel for Buildings, 1969 Edition (including supplements 1, 2 and

3). For tméquality m::h?applicant committed to usc N45 2-1974,

Quality Assurance Program Requirements for Nuclear Power P1ants. The Final

Safety Evaluation Report (FSAR) included all of the pertinent Regulatory

Guides, 2s r'e";'re“og ‘Cr- He varvous coun,.’//-vefr‘i‘.

The organization of the Seabrook project in place at the time of the inspection
ispest illustrated on Figure 1. The Executive Vice President of thc@

is responsibie for all executive functions of the project. He reports directly
to the president of the company.T,\v‘ico President, Seabrook, (VPS), reports
directly to the Executive VP and is in charge of all management functions.

Both the Executive Vice President and the Vice President, Seabrook are from
tho Working directly under the VPS are: Director of Quality Assurance;
Manager, Start-up Testing; Director of Construction; and Project Manager.

These four positions are staffed by thc There are three additional
positions: the Manager Construction Support and the Construction Manager

(both of them are from the(PSNH) and Vice President of UEAC rcsponﬂblo for

project consistrm 35 F‘G“'

design and construction management. The groupareport to the

sobdnvided ate Tour qroups headed h.j
project manager and it is Jnuu-hy the followin four positions:
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a. Assistant project manager of construction
¢
b. Engineering manager
¢ ¢

¢. Senior project engineer

)
d. Assistant project &anager (licensing and operation)
The Engineering Manager has four lead engineers reporting to him:
a. Systems Lead Engineer
b. Mechanical Lead Engineer
¢. Instrumentation and Controls Lead Engineer

d. Electrical Lead Engineer

There are five engineers in the mechanical engineering disc'pline; three of them

are civil/structural and two mechanical.

We interviewed the three engineers who are working in the civil/structural
area. We found that all of them are graduate engineers, of them have
master degree in civil or structural engineering. of them are registered
professional engineers. Their experience range from seven years to nine

with most of 1t in structural engineering related to nuclear plants. During
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the interviews they demonstrated generally good knowledge of their prufession,

|
but their familiarity with NRC rules and regulations was somewhat less than {’
would be expected. There was no evidence that YAEC provides any training in \

this area or encourages an improvement of their knowledge of the current

regulatory positions.

The entire staff working for the project manager consists of 35 professionals. \
The professional cross section of the civil/structural staff of the YAEC \
employed at the Seabrook Project is included in Table 4-1 which provides data ‘

for a representative cross-section of civil-structural engineers working on /

the Seabrook project.

—

In our inspection, considerable attention was given to the interfacing between
ersonne! amd qreups
different within the(YAEC)organization as well as between the organiza-

tions invelved, namly‘ and the and/or PSNH) It appears that the
communication between theand the(YAEC)1s maintained through the(UEtC)
FMOC" P om g e n ”R m"t
ml\who commuhicates directly with his counterpart of thc(YAEC) Thc.

reports to the VP of Seabrook project who is on the staff to the utility
company, thc The lines of communication are depicted on Figure 1.
The inspection team evaluated the documentation of dcsign controls which is

e
used by the( YAEC)as the basis for the demenstration of d¢s1gn control exercised - P

! ¥ Conlg
by( YAEC Jand ver the designess. om-ta*’uon -(;/* the -
o e _— prject ;
4
A review of an audit report conducted by tho(PS@on July 26, 1973 at tm(gE&Q
offices, Philadelphia, Pennsylvania was conducted. The purpose of this audit,

conducted in accordance with the requirements of Yankee @ Procedure WQ-115,
Qu‘d—f‘-& Cahol od Asturon e



1z/27/53

*/-5

paragraphs III.A.1 through 8, was mainly to verify disposition of the open
items of the previous two internal avdits. The report discu;sed three items
4 d
identified in the previous audit, coiducted on May 15, 1§1§>which have not 4
were Joond doring the PueT.

been satisfactorily resolved. No new cog’n items hm—bee»—iooad\,; n the-2
subsequent let*er, dated August 30, 1973, UE&C discussed the proposed resolution

- The ITDIT Heorm notd
of the items covered in the subject audit report. As—cbservation—has—been

made that the referencing of the staff in the audit report has not been made

name The Fe2m
by fuller by their title)aeme but by their initials alone. .l;/(ound that

+
such identification of personnel makegAextremely difficult or even impossible
” . e . / "
to trace down the people involved. then )2&-%-1"@ ATV 8 A "/) GrE QN’, %
"é’ re 'vll'." ,," : N Lol t"’\C’ /L,‘v- .-/- ;.‘\P‘L n ‘A“L‘}, ) (Om sory *-

The principal documents providing for the implementation of all quality

Sor HMe Yankee orgen;2aron
assurance aspects of the Seabrook pIantAgre the Project Pdlicies and the

( !!?E.4'__-
Seabrook Quality Assurance (Q/A Manua ﬁ The Q/A Manual establigg;;~zﬁs“~\\\

procedures for the intervai and external quality controls of the YAEC such as

\

the scope and frequency of the audits, interface controls, provides guidelines /
for the review of specific categories of documents, etc./ Tnec °roject Policies

/////’BF6v1de guidelines for implementation of the specific phases of the quality

/ assurance system and describe processing of documents such as the Engineering /
( Review Reports (ERR's), filing of documents, handling of engineering dffjfiiff//////
etc.
+he -

Both,Project elicies and the Q/A Manual are under the direct responsibility
of the Project Manager (PM). The PM is responsible to assure that both the
Project Policies and the Q/A Manual are in agreement. In case of a conflict

between these two documents the Q/A Manual takes precedence. The Project
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Policies are reviewed and updated periodically to reflect the current modes

of operation and design.

These ftcet(/l'f)] Y, eﬂjr'ﬂ?&vﬂj revis,

e . . .
ed for specific tasks 1nvolved in

Specifications are the documents devel

developed by the UE&C and forwarded

2/fso  parra
to the YAEC PM for review and approval ! They are,\reviewed on pre-selected
=L

design of the Seabrook plant. They a

”——;;sis by the Quality Assurance Department (QAD) of the YAEC and the document

resulting from the review is called Engineer1ng Review Report (ERR). The

Yonke orgoni 237
ERR's are filed w1th the ¥AEE in a’?;parate filing system.

\ Opece & 3/p¢¢,[¢31"m A=s éeen aére//o&/ﬁ/ IR L a/:/)nwa:/

\ EKE UE&C provides YAEC with the list of the prospective bidders and recommends

._ F propesels ore rece ves
those bidders who appear to be technically acceptab]e.I«YAE selects the

winning bidder from the list provided by the UE&C, usually on the basis of

the lowest price. 'The authority of approval of the specifications is with
\&;tﬁe Project Manager. Specifications are updated when there is a change in
/

the purchase order and their change require review and approval of YAEC. In //

order to assure that the specifications are up to date, YAEC conducts /

\\\\\izfit?isciplinary meetings which are, on the average, every two wefff:‘_”’/,,///

Following are our specific comments resulting from review of some of the

documents provided by the YAEC staff.

Q/A Procedure 3.3 "Review Procedure” Rev. 8 - Date 3/30/79 (’&(J. e

The Procedure provides guidelines for the review of specific categories of

documents. Specifically the documents covered by this procedure are:
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Engineering Specifications, Engineering drawings, purchase documents and

QA/QC Program, Manual and Procedures.

The documents to be reviewed by }hé@ are deve]opeq by the agents, such as

UEAC or subcontractors and submitted to YAEC Project Office for review. The

Project Office is responsible to establish the appropriate reviewer (s).

Review of Project Policy #1 (PP-I)A é:é;T; that the reviewer is "determined
Runtoly Attun sien

by Section 3.0 of the Seabrook Station @A Manual and Subsection 17.1 of
- ~
the Seabrook:EAR.

When(Q/AYManual Section 3.0 was reviewed the criteria for selection of a

reviewer could not be found which is a discrepancy from PP-1.

The Procedure is vague in the area of resolution of conflicting comments

originated by the reviewers. The only statement that could be found is that
if the disagreement could not be settied amongst the reviewers it is referred
to the higher management. There are no specific steps or the responsibility

tc be taken to obtain a satisfactory resolution.

The Procedure contains specific guidelines (provided in the Appendices) for

preparation of the review of the documents covered by the Procedure.

United Engineers and Constructors, Inc. (UE&C) is organized into several
operatirg divisions with the nuclear power work in the United States being
performed in the Power Division under the direction of a Vice President. One

of the managers reporting to him is the Manager of Power Engineering. Power
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v.igineering is then subdivided by four technical disciplines each with a chief
engineer as the technical leader for a given discipline. (UE&C)defines four
specific disciplines: structural, electrical, instrumentation and control and
power. The first three are self-explanatory whereas the fourth requires some
explanation. Included with the Chiefx Engineer-of Power's group are the
technical disciplines of power systems, piping engineering, process engineering,
mechanical engineering, nuclear engineering and fluid/hydraulic engineering.
The engineering personnel involved on a given project such as the Seabrook
Project all report technically to one of these four discipline chief engineers.
Some may serve on a specialist staf? or in a special group under the chief
engineer of that discipline.supporting a project. While others may be within
the project group under a supervising discipline engineer or other engineering
supervisor who reports to a project engineering manager. The staff groups and
personnel become involved in project work only at the request of the project
engineering personnel. Based cn the team's information this concept has been

rather constant within the firm for a number of years.

The Seabrook Project functions within this framework in the following manner.
The Project Manager apparently reports to the Vice President of the Power
Division, just as does the Manager of Powe: Engineering. In the course of the
Seabrook Project there have been numerous changes in the functional organization
for the project as well as changes in personnel. The team found some in tracing
the organizational changes as well as how responsibilities shifted and were
transferred from one group or individual to another. Documentation was

obtained in the orcanizational area, to indicate the overall project organ{-

zation since 1976. Numerous changes wer2 implemented about the time the team's
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effort began, adding another change o the list. The team found that the
organizational charts obtained in the background study in October were even

out of date by the beginning of November when the IDI team began, s ""V“’“‘" 3

Reporting directly to the Project Manager until sometime after March of 1981
was the Project Engineering Manager. There also existed at least one Assistant
Project Engineering Manager.gafhe Supervising Structural Engineer, called a
supervising discipline enginet} (SDE), reported through an assistant project
engineer to the Project Engineering Manager. The SDE for structural was

the same individual from the beginning of the project until August of 1982

when his assistant became the SDE. During the period of hesavy involvement

in design for the basic structures the structural group in projects was aligned
by structure in that the Containment Shell, for example, had a designated
Cognizant Engineer as the lead structural design engineer for that building.

A significant number of engineers were assigned in these building groups.

As that phase of the project drew to a close the structural personﬂel have

also been formed into specific task oriented efforts such as the Beam Verification
Program. The Cognizant Engineers assigned by building still exist, but have
smaller groups and may also now have responsihilities for several buildings.

Another change that grew over the life of the design evolution was the

importance of site related engineering effoégg:]'Up‘through March of 1981
there was a liaison‘Engineer assigned to the field to perform the site
liaison to the home office engineering organizatior  That function was
performed under the supervision of the ore Project Engineering Manager for
Seabrook. In March of 1981 a separate organization was created under the .

direction of the Project Engineering Menager {Site) as opposed to the previous
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position under the Project Engineering Manager for the Project. By January

of 1983 four separate Project Engineering Managers positions were in existence
in the home office with some 1100 personnel in the groups. Additionally,
nearly another 1000 were at the site under the control of the Project
Engineering Manager for Site Engineer1ng;[lﬂo less than six different groups
exist working in the structural discipline in different chains of command with
three at the site and in the home office. A separate structural group has

been set up in the ome office in the Site Support Engineering Group to interface
with the field Site Engineering group so as to minimize impacts on the project
Structural group. The implications of this organization will be mentioned
later in the report in addressing interfaces for design:f7

The team also spent considerable time, out of necessity, in order to try to
understand the hierarchy of the multitude of in-house procedures utilized by
UE&C so that a proper assessment of what was being done in the project's

design and the control of the design process could be made. Figure 4.
presents an overall view of the nierarchy that exists for the Seabrook Project
with regard to home office engineering and design. In actuality, 4 to 6 layers
of documents and procedures precede what might be considered to be an
engineering calculation. This 1; some what further complicated by the fact
that in many specific areas, di:-érent staff groups have'aeveloped and use
modified procedures where latitu.e exists under a more general parent procedure.
The result is a great deal of variation in documents when one begins to review,

for example, calculation packages and the associated control sheets.
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As a result of the team's review of the various project documents, such as the
Project Manual of Procedures, the General Engineering and Design Procedures,

/{’/;D several findings and observations were made. The team first reviewed QA-3

o j
,&;“ ’Jpﬂ{ rom the @Manua] whicr\s the( UE&Q corporate level document which addresses
' |

the regulatory requirementsy
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4.2 Static-ssxd Dynamic Analyses

The objective of this portion of the inspection was to examine the adequacy
and coordination of analysis, design, and the resulting floor response spectra
for the Tank Farm Area which houses the Refueling Water Storage Tank (RWST)
and the Spray Additive Tank (SAT).

The team also reviewed the interdisciplinary process leading to the design of

the attachments to the containment liner supporting ducts, pipes and electrical
Sed- Ceaérencc e

equipment, Calculatioq~No. CS-22, .as well as the calculations pertaining to the

subject of the Tank Farm,

The dynamic analyses of the Tank Farm was performed by ihe Structural Analysis
Group (SAG) in order to determine the seismic forces needed for the design of
structural elements such as the structural steel beams and bracing and the
reinforced concrete walls and slabs. This analysis also led to the development
of amplified response spectra which were used for seismic qualificationy of
equipment, y(’analysis of piping systems, and for design of structural steel

beams.

The Tank Farm Structure is essentially composed of a lower reinforced concrete
box-1ike structure and an upper braced structural steel frame with a reinforced
concrete roof slab and metal siding. The mathematical model consists of lumped
masses connected by massless springs. This type of model is commonly referred
to as a stick modei. The calculations used for the development of the mathe-

A
matical model are contained in UE&C CalculationASB SAG-5WB (Reference 4.41).



Ve o
¢2-2

The stiffness of the structural steel frame was based entirely on a shear

type response in that the nodes were in general restrained from rotation about
the horizontal axes. The calculations of the area and the bending moment of
inertia were calculated consistent with the rotational constraints imposed on
the model. While the combination of area and bending moment of inertia were
consistent with overall shear stiffness, individually the properties were not
consistent with the actual structure. The rotational constraints imposed
also, in effect, eliminated overall bending from any consideration. This
approximation could result in a significant overestimation of the stiffness

of the structural steel framing.

The stiffness of the reinforced concrete portion of the building was considered
by(UE&C)as a combination of shear stiffness and overall bending stiffness.
Therefore, instead of summing up the rectangular cross sectional area of
walls oriented in the direction of 1nterKest.@ considered each wall
separately in determining the shear deformation. This shear deformation of
each wall is composed of pure shear displacements as well as bening characterized
as a guided cantilever with a moment of inertia based upon the rectangular
shape. The sum( of the shear stiffness of each wall is calculated, so that
an area and a bending moment of inertia of the stick is determined consistent
with the shear stiffness. The problem with this method is that if indeed both
shear stiffness and overall bending stiffness were important, the method
would underestimate the overall bending stiffness particularly since 'ange
effects are not considered. \UE&C)made computer runs during the week of

while e inspection way In-progqress
December 5, 1983Ayh1ch indicated that the model was not sensitive to orrors in

the moment of inertia.
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In calculating the stiffness of the structural steel bracing.(EEEE)assumed
that all X-bracing was composed of angles 4"x4"x3/4". In fact, the bracing
consists of substantially larger members as indicated in UE&C Drawings
F-111824 and F-111825 (Reference 4.32).

approxiha#el — feet F
There 1sﬂfill concrete under the Refueling Water Storage Tank and the Spray
Additive Tank. A three inch gap is provided between the fill concrete
including the mat and the south wall of the Primary Auxiliary Building (PAB)
as shown on UE&C Drawing §7U§:F-111818 (Reference 4.32). A concrete curb
is placed on the top surface of joint as shown in Detail 1118190D, UE&C Drawing
9783%»F111819 (Reference 4.32). This joint is shown along the east edge of
the fill concrete only. A field visit indicated no differences with the
requirements of the@uraﬂings (Reference 4.32). The mathematical model
described in Calculatior?llgs SAG-5WB (Reference 4.41) does not account for
the stiffening effect of the fill concrete.

The neglect of overall bending used in the development of the stiffness of
the stick model were not approximations which significantly simplified
calculations, but which might be troublesome and therefore, must be independently

Justified.

Personnel stated the Tank Farm mathematical model was unique and no other
mathematical models were prepared in such a way. Additionally, it was stated
that the usual practice of SAG is to prepare a static structural model and
with the aid of a computer program, appropriate stiffness properties are

calculated without the need for the approximations such as those used in the
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Tank Farm model. The team had insufficient time to confirm that the Tank
Farm Structure is an isolated case; however, the team has no reason to dcubt
the validity of that statement. Because of discrepancies between the assump-
tions used in the development of the mathematical model and the actual Tank
Farm Structure, new calculacions and computer w}?e required. [t is the
team's finding that the Tank Farm mathematical model‘:l::%calculated
incorporating effects of overall bending and the actual structural

configuration (Finding 4. }s

The interfacing between different disciplines is illustrated by Figure ___ .

It shows the major steps taken during the process and is self-explanatory. It
should be pointed out that all transmittals of the amplified response spectra
(ARS) from one discipline to another is taking place through the Coordinator

of Seismic Design (CSD). We were informed that the introduccion of this
position as the focal point of coordination of interdisciplinary effort improved
the design procedure in a great measure and has prevented the use of obsolete or
inapplicable results of seismic analyses. We found an instance of such a

lack of coordination in the past in case of use of results of the input to

(Reterence ¥ —

pracadure (AP-36) Wof Seismic Design),which was introduced in May of

1980 and appears to be effective. In the process of reviewing Calculation é 7Aes o

(Ie‘@rea ce < Shoo %’
No. CS- 22 several observations have been made, (Observations 4.1, 4.2 and 4.3).

be e/

he
In case of Observation 4.1, reversal of the horizontal leg of the angle could \%,}’:
introduce an additional eccentricity, which would cause a torsional moment "'-'g"e’
-7 7 5.

/\." |
-

N —
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in the plate and therefore increase in the stresses. We pursued our inspection
further, and review of the shop drawing revealed that the detailer placed

the angle in question with the vertical leg at the center of the plate, thus
eliminating any eccentricity which might take place due to the erroneous

sketch on Sheet 98. Observations 4.2 and 4.3 have been brought to the attention
of the design office as examples of lack of proper care in preparation of
calculations and checking and would not have a major bearing on the adequacy

of the design.

We reviewed the basic assumptions of the seismic analysis of the containment
comtoimiol i Re Stamdand Ren'ss Plove Stadiins 3.7 Ref .

structure from the point of view of the regulatory requirements and found

them acceptable. The contiinment shell has been represented as a lumped

mass (stick) model fixed at elevation -30 ft. The shell and the internals

including polar crane have been uncoupled for the purpose of the final analysis 60~90/2

A,Cik“A"*7¢€?;§AG-4CS4 f::’?ﬁ;T;§T§>assumed that the liner is not a resisting structural

element, but its mass has been included in the lumped masses of the model.

Since the shell is essentially axisymmetric, and its center of mass and center

of rotation coincide, the torsion due to the geometry of the structure has

not been considered. The accidental torsion due to seismic force applied at

an eccentricity of 5 percent of the mean diameter of the containment cylinder

was considered and its effect on the stresses of the rebars has been found

to be negligible (less than 2 percent increase). We agreed with the considera-

tions made for torsion.

‘Sasume Amakysis
[n the case of the internal structures, they have been modeled as a series

_8 P bos i ittt Sucedoce (SB3AG -4

P

of concentrated weights, located at their respective centers of mass. These
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weight centers have been located at specific elevations, which in most cases
is at the top of the respective slabs. The weights representing the slabs
have been connected by weightless, elastic beams representing structural

components between the elevations of the concentrated weights.

Since there are no existing earthquake records pertinent to the Seabrook site
un e Sealbrook FSAR, Sechion. 3.7  Raf. ¢ ——

the seismic 1nput has been defined at the bedrock in form of the design response
spectra for the operating basis earthquake (0BE) and the safe shutdown earth-
quake (SSE) in compliance with Regulatory Guide 1.60. The duration of the

A Hao B8R
earthquake is estinatedﬂft 10 to 15 seconds. The engineers responsible for the
seismic analysis stated that all Category I structures are founded on sound
bedrock or engineered backfill extending to the backfill. The engineered back-
fill consists of e;ther fill concrete, backfill concrete, offsite borrow tunnel
cuttings or sound cement. Furthermore, the type of engineered backfill used

MSW “&W—m &er37(ﬁf
under all seismic Category I structurts is fi]l concrete, with an exception of

safety-related electrical duct banks, electrical manholes and the service water

pipes which were founded on off-site borrow or tunnel cuttings. Both the time

history and the response spectrum analyses were performed for the OBE and the
Seabrook FEAR  Siedn 3.7 $ )

SSE conditioni\ The critical damping ratios used for the containment structure

are thcse of 4 and 7 percent for the 0BE and for the SSE respectively. cuus e &
el e QL“hbh‘-‘LUA'h'1f ‘53“1‘4L1r1?u~4£ LG/ (‘Qf.__-)

“Selsne A m Cotod sy ant Thaedin (ms«r«zcsa) Q._ﬁ g
The structural respo been dctcrmined using the response spectrum modal

analysis method. The total response of the structure was calculated by super-
position of the responses of each mode by the square root of the sum of the

squares (SRSS) method.
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We reviewed the process by which the basic data pertinent to the design of

containment have been gathered. In this connection we have noted that several

d cu;l:: suc‘\ :;“t;:s.e“;i‘:;m ng tmg:’ t‘e:lt«paatlrz'aéhgms:::d N':’::‘:vé
A

which in the opinion of team members should be controlled, have not been included

in the Document Control Center (DCC) serial numbering system and could not be

easily retrieved. This matter is described in more detail in Section /.3.

Furthermore, examination of the input for the SHELL I computer program revealed

that the information used was incorrectly referenced in the calculationf{see\

The following is the result of our further inquiry in this matter. -

.__"Dw'.rn. oa, Con bma'sn b SLU  ciisl Dorend

<Seism1c forces and moments as used on Sheets 30 through 35 in the Calculation

No. CS-15) dated 8/4/75, Auere obtained from médified seismic analysis SBSAG-

,.-——.

4CS3 using d'ecoupled mode1 of the containment shell and critical damging values ;

of 4% for OBE and 7% for SSE. The preliminary analysis, SBSAGJCSB‘, was based

on coupled model of the containment shell and critical damping values of 2%
for OBE and 5% for SSE. SBSAG-#CS3 has been superseded by the final seismic

analysis mffusmg a decoupled model of the containmnt shell and critical
I8 ouvt/rned /77 p
damping vams of 4% for OBE ard 7% for SSE f{Refy SAG-—memo, ﬂdated 3/17/ 6(3’@,.,“ g

Fie-3-1)y MmESSIA
anp..,‘.u—u .8;.,.‘ Bed.J. M Robvusene 4o KiMm, Kala wesli'c daled podebon 12,1971

Although comparison of the SB’SAGJCSS and SB;AG-dCM analyses shows that their
s pace
results are very simila» and that the seismic forces and moments used as input

for the SHELL I program are conservative, we determined that this is a violation
AP~ ( CBotorence 4+

22, "Calculations", Appendix A,\m.—h—daed
&0,
H/A19/74 and 10 CFR'\ Appendix B, Section III, "Design Control", dated 8/1/80

of the

/,el,lfs (Finding 4.7).

rﬂ‘”l
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We reviewed the various stages of the static analysis of the containment
structure which utilize the results of the static analysis described above.
The containment structure (the shell and the dome) has been designed using
several computer programs. Some of them such as LESCAL, WILSON I and WILSON

Section
I1 have been documented in the Final Safety Analysis Report (FSARX& There

were others, however, such as SHELL I and SHELL II which have not been included
in the FSAR. This is in violation of the Regulatory Guide 1.70, Section
<
3.8.1.4, Revision 3, November 1978.ap€,§1though we ha"vdesseen-infomed by the-
computer

:r-ﬁrw 74
UEAC personnel that the use of these codos7( s miﬂed,we noted ffhas an

observation (Observation 4. )

The axisymmetric analyses of the containment structure for dead, load, pressure,
temperature under both operating and accident conditions were performed using
Wilson I computer code. The shell model for the OBE and SSE has been analyzed
using Wilson II program. Both the Wilson I and Wilson II use the finite

element method. Since the ASME Code does not permit the liner to be used as a
structural element, the containment structure has been analyzed and designed
without participation of the liner plate. The analysis recognized the fact

that under thermal conditions, the liner plate will exert forces in the

concrete section which constrains the liner growth. In order to generate proper
lesign forces for the concrete section, liner stiffness has been included in

the Wilson [ model but excluded from integration of stresses to obtain section
forces and moments. The analysis recognized the fact that the cracking pattern
will vary under different loading conditions. In order to simplify the design,
the individual louds have been combined linearly despite the difference in

cracking. The peak pressure and peak temperature have been assumed to occur
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simultaneously for the design of concrete section. We agreed with this

approach.

In the analysis the input for the SHELL I and SHELL II programs have been
obtained from the lump-mass analysis which used the STARDYNE computer code
and model described above. The SHELL I and SHELL II programs converted the
forces and moments obtained from the STARDYNE analysis into the effective

membrane forces and in plane shears and adds them up algebracially.

The square root of the sum of squares is applied to determine the combined
effects of three orthogonal components of earthquake ground motion, including
two horizontal and one vertical motions. Due to the symmetry of the structure,
the maximum meridional and the maximum in plane shears will occur at the same

location.

The design loads computed by SHELL I and SHELL II were used as input to program
LESCAL, Version 1.5, which is used to calculate the stress and strains in
reinforcing bars and/or concrete per ASME B&PV Code, Section III, Division 2.

#
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4.3 Design of Structural Elements

The objectives of this portion of the inspection were to examine the adequacy
and coordination of analysis, design, engineering drawings, shop drawings and
construction of structural elements located in Category I structures which are

associated with the containment spray system. The structural element which

was selected as an example was the recirculation sump screen structure.

The containment recirculation sump screens and collects the water available

for supplying the residual heat removal, containment spray safety injection

and high head charging pumps during the recircu:ation mode of operation following
an accident. There are two completely independent sumps located in the contain-
ment, symmetric about an azimuth of 270°, with the top of concrete at elevation
-26'. Heavy particles are prevented from reaching the sumps by sloping the
surrounding floor away from the sumps and two screens (one is coarse and considered
a trash rack with 1 inch x 3-11/16 inch openings and the other is the fine screen
with 8x8 openings per inch) prevent foreign matter of 0.097 inches or greater

from passing through.

2
Both the trash rack and the fine screen are attached vertically to the steel

framing. The structure itself consists of a framework of structural steel
members extending from elevation -26' to elevation -204'. Each frame is on
three elevations, within the 1imits stated above, and has the area of

/1o
()Jy?-&'xla‘-é'.

3¢
</
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We reviewed the design calculations for the screen structure which are contained
int ACa culation No.

CI-2 (Reference 4.

S ?he structure was designed for
the load combination of the dead load, 1ive load and the OBE as one of those

required by the FSAR. The computation contained a statement that the equation
used was the controlling load combination equation, but there was no comparative

analysis or any evidence that both earthquakes (OBE and SSE) have been considered.

Additionally, the effects of thermal expansion of the beams had not been taken
into account.

During the inspection, the temperature was accounted for in
Revision 1 to the calculations.

197%

had
This was after the structural steel hes been
Conton e e b Tl | Reacrtclafvng S Senans. Detalls
o /linstalled. The drawing pertinent to this structure, Drawing F-101486, delad océ oder 27,
w7/ (Reference 4. ) was released for construction of embedded anchor plates
.uJ"d 97
#

on September 29, 1978 and for structural steel construction on January 21,

1980.€rie concluded that consideration of both of the earthquake loads, OBE

and SSE should be evidenced in the design and that omission of this load is

violation of the "Structural Design Criteria" SD-66, Table 5.4qf??), Rev. 0,
dated October 19, 1976 (Reference 4.

) (Finding 4-E£l}fbur1n9 our inspection,
Revision 2 was added (dated November 25, 1983) which included an explanatory

‘ note that the amplified response spectra tables have been consulted and it
\\\:22::ii that the original design was conservative.

_/

Examination of Detail 101486M on Drawing F-101486 (Reference 4. ) revealed

that the bent plate connector had not been placed centrally with respect to the
““
structural r

to which it is bolted and was moved toward the upper
flange of the channel. This was inconsistent with the analysis, which assumed

that the connector would be placed so that the center of the bolts on the

connecting plate would coincide with the center of gravity of the channel.

We
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verified that the eccentricity between centroid of the bolts and of the channel
ChVes Dais 2 E 100 ol E (002 datss
as described above has been transferred on to the shop drawing ;\ﬂr

trip to the site, we found out that installation was consistent with the drawing.
Since the members are subject to the movement along their Tongitudinal axes

due to thermal conditions, such a displacement of the connector from the
centroidal axis of the beam introduces eccentricity which will result in
increased stresses at the connecting plates. This was noted as a finding.

(Finding 4-4).

The cognizant design engineer performed additional calculations during the
inspection to account forwtﬁh’z;:dition and determined that the resulting
stresses are within the code al]owab]ves and, therefore, the structure as built
is adequate. The additional calculation sheet has not been listed in the
Calculation Revision Control Sheet of Revision 2 which was reviewed by the
team. This is contrary to AP-22, "C.nlcuhtior:;‘:¢ but since the work was done

€siqn review cut
after the inspection's ﬁ*—umkthis is noted as an observation (Observa-

tion 43 ).

While inspecting the annular steel between the containment shell and the secondary
shield in the containment structure, we observed that a number of steel beams
framing into the steel plates embedded into the concrete had been modified. The
modifications consisted of extending the lower part of the web of the beams and
providing plates to accommodate the lower bolt in the plate which had been welded
to the embedded plate. Upon examination of the pertinent shop drawings and the
engineering drawings we found that this modification had been necessary duﬁ to

the fact that the embedded plates were installed at the wrong elevation. The
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plates were installed too low to be compatible with the elevation of the
structural steel in the area of the annulus. In our discussion with the cog-
nizant design engineers the modification of the connections was not reflected
in the analysis completed using a computer program. We determined this é§f2£9,
be in conformance with the AISC Specification (Reference 4. ) and the
Structural Design Criteria, SD-66, Sections 2.1.2 and 6.2.5.1 (Reference

1'3)X (Finding 4-13).

We requested that an additional analysis be performed to determine the
adequacy of the connections. During the inspection we were informed that

a program which will re-evaluate connections modified as described above or

in any other way so as to depart froﬁ the standard connections contained in
the AISC Specification and not tak@h analyzed via the computer model will be
reviewed. This will be done by selecting a representative sample and analyzing
the connections in that sample in accordance with the AISC Specification
requirements. We were told by the design engineers of UE&C who have been
intimatel . involved in design of the annular area cf the containment structural
steel that misalignment of the embedded plates with structural beams is wide-
spread in Un‘t 1. In the case of Unit 2 there was an effort to rectify this
situation and to install the plates at the proper elevations thus alleviating
problems for the as-built conditions. This was not completely successful and
as a result there are cases where beams had to be modified in Unit 2. We also
learned that the modifications were not performed in the field, but the beams
were modified at the fabricator's facility and shipped to the field ready for
installation. In view of the evidence that the design engineers are aware of
the need for further analysis of these connections and that further action is

under way we did not pursue this matter further.
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Another item which is related to this area of containment pertains to the
connection of the beams to the columns in the annular steel. Examination of
o X E112 ) oletiol Arvew oo il,; 902

the/shop draw1ngs revealed that in order to accommodate welds between connecting
angles and the beams framing into columns, not perpendicular to the columns, the
axis of the beams was shifted by one inch from the centroidal axis of the column.
This resulted in an eccentricity with respect to the column, which in turn
induced torsion in the column. We have found that this was not accounted for

s S@ 13 T lodedd Ocloben22,19%1)
leted via a computer program/and that it violates the

in the analysis co

Structural Design Crfteria, SD-66f(Reference 1.3) @nd Section 1.15.3 of the 'E:ZI:::ji
v
AISC Specification (Reference 4. ). In our opinion, the effect of torsion

induced in the columns is to increase stresses in the members and these stresses

should be evaluated “o determine the effect on over-al' member stresses. We \

recommended that an appropriate action be taken to assess impact of this \

eccentricity and an analysis be performed to evaluate the resulting stresses.

(Finding 4-19). (?:ju;:u:-l I—-P:avﬂﬁ ‘:w—ém&m“:“p Pa,..._:gu uz:)
Octobar 1, 1974

The Structural Design Criteria, SD-66 (Reference 1.3) is the controlling document
for the structural design of reinforced concrete and structural steel. With
~espect to the design classification of the seismic category of the Tank Farm
structural steel considerable confusion was found. Table 3.3-2 lists the Tank
Farm structural steel framing 2s Non-Category I with a requirement that earth-

lo2d/in
quake shnT‘ be in accordance with the Uniform Building Code with a perplexing
2

note covering manhole covers. Furthermore, a requirement for the design for

tornado pressure is listed. Paragraph 4.4.2.6.5 of the criteria states that
the roof shall be considered expendable and allowed to fail during a tornado.
However, Revision 1 to the document dated November 30, 1982 deleted the Tank
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Farm structural steel from the listing of Non-Category I in Section 3.2 and

listed it under Category I in Section 3.1. This leaves the tornado requirement

unclear at the present. While it was apparently the intention to change the
e strvetre

designation to Category I in November of 1982,4&wras considered Non-Category I

from the original issue date of the criteria document of October 19, 1976.

During the time period between October 19, 1976 and November 30, 1982, the

¢ )
calculations for the structural steel, Calculation No. HB-gg were performed 2

A /m-aﬁ'.
without a2 strict adherence to either Non-Category I or Category I;;zzicaonemr
44—

In the latest revision to the FSAR Table 3.7(B)-22 M™sts the Tank Farm steel
s s
framing over the Refueling Water Storage Tank/Qs Non-Category I with the caveat

that it is designed not to collapse under SSE.

For most Category [ Structures which are exposed to tornado pressure, Table
3.3-1 in the criteria document requires a design for tornado pressdre. This
leaves in doubt, the tornado requirements for the Tank Farm structural steel
and the associated concrete roof slabs. CalculatioqNHb-Gl indicates no design

for tornado for the structural steel.

The Tank Farm structural steel is Seismic Category I. The calculations and
drawings are all classified as Category I which is the design intent at this
time. The design load combinations Tisted in Calculation No. WB-61, Sheet 10
of 79, dated September 28, 1978 (Reference 4.___ ) omits load combinations
containing the SSE. This violates SD-66, Structural Design Criteria, Tabié
5.4-2 (Reference 1.3) (Finding 4-& ) o P
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UE&C stated that th:t 0BE load combination always controls for the design of
the structural steel beams, and that this statement with a justification will

be incorporated into the structural design calculations.

A structural steel beam, Mark B2, located on the E1. 81' roof along Column
Line 0.5 was designed for dead loads, live loads, and seismic OBE Toads in
Calculation No. WB-61, sheet 17 of 79, checked September 28, 1978 (Reference
4.34)., Later a redesign was made to add the sag rod loads to the dead loads,
live loads, and seismic OBE loads (Sheets 91 and 9J of 79, checked November 3,
1979). The original calculation (WB-61, Sheet 17 of 79, checked on September
28, 1976) was not voided as required by GEDP-0005, “Procedure for Preparation,
Documentation and Control of Structufal Calculations," Paragraph IID, Revision
0, May 21, 1974 (Reference 4.___ ). Subsequently, another calculation was made
(WwB-61, Appendix A, Sheet 10 of 16, Rev. 3, checked on June 17, 1981) which
added a pipe support load, but neglected the sag rod loads.

Again the previous calculation was not voided. The SSE pipe support load was
incorrectly combined with beam OBE loading and designed for SEE allowable
stresses. The neglected loads and the combining of OBE and SSE violates
SD-66, Structural Design Criteria, Rev. 1, (Reference 1.3) and was noted as

a finding (Finding 4,-8 ).

The fact that there was some confusion over whether or not the structural
steel was Seismic Category I probably led to the type of problems described
above. It is the team's understanding that the beams will be evaluated as-
Seismic Category I in a systematic application of all load combinations.
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The roof slab of the Tank Farm structure was designed as Seismic Category I,
although the Supervising Discipline Engineer stated that the roof was Non-Seismic
Category I. SD-66, Structural Design Criteria (Reference 1.3) is silent on the

matter.

The calculations for the reinforced concrete walls along Column Lines 4.5

and 5.0 are contained on sheets 8 and 9 of 13, UE&C Calculation No. WB-68
(Reference 4.34). The calculations were based upon the method described on

page 351 of the "ACI Design Handbook," SP-17(73) (Reference 4.___ ) in
accordance with the strength design method of ACI 318-71. The method is
appropriate for reinforced concrete sections subject to combined bending and
axial load when the section is controlled by tension. The calculation procedure
is described in Flexure Example 3 of ACI SP-17(73) (Refehenced. . ) which
neglects any compressive reinforcement. The calculations did not indicate an
adjustment of the value of @§. The results of the calculations indicated a
requirement for reinforcing less than that which would oe required by a correct
calculation. The tendency of the designers to provide more reinforcing than
actually required by design may mean that sufficient reinforcing is in fact
present for the revised calculations. This appears to be a systematic error
for the Tank Farm walls and; therefore, the team recommends a review of all the
design of reinforced concrete members subject to combined bending and compression.
This failure to correctly execute the design in accordance with the design

reference was noted as a finding (Finding 4,‘-'0 4

Bracing within the structural steel framing is provided for resistance to lateral

loads such as tornado and earthquake loads. The calculations for the design of
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bracing are contained in Calculation No. WB-61 (Reference 4.34). Total seismic
shear loads were obtained from Calculation No. SB SAG-SWB (Reference 4.41). The
loads in the bracing,;;:::stablished in an approximate manner. The actual dis-
tribution is more complex than that assumed; namely, it is dependent upon
relative stiffrzss. However, the determination of the distribution of shear
forces is dependent upon a knowledge of the sizes of the bracing and columns
which, of course, were initially not known to the designer.,'Additionally. UE&C
did indicate the Oﬁfozjll control the design of the structural steel beams as
opposed to the SSE, it is not clear that the OBE will control the design of
bracing. At this point, a reanalysis and, if necessary a redesign,of the
bracing is in order. The team recommends a more accurate determination of
shear distribution and a recheck of §tresses. based upon the fact that the
column and bracing s12es are now known. The bracing in the Tank Farm should

be checked with newiy calculated seismic forces for both OBE and SSE in
accordance in Table 5.4-2 of SD-66 (Reference 1.3). This failure to utilize

all required load combinations and actual member properties in the calculations

on)was noted as a finding (Finding 4;&

o
;'j‘fs

At A
oejp:e

t:;s?UElC's headquarters in Philadelphia, a group called Structural Site Support

Engineering has been estab1is:’d on the project independent of the project
Yo 2ddress esrqgr cha19es.
Struciural Engineering groupa This group acts in support of and approves the
(Site Engneerin
work done by engineering forces on site at the Seabrook Plant.

In general, kite kngineer#:ug is app:‘)’(sed of a piroblem encountered cduring
construction. Site #ngineering will either propose 2 solution or will request

a solution from Site Support Engineering. The proposed solution will be
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reviewed for approval by Site Support Engineeringer <h altermative will he /’mwd“('

A typical example of this process is Engineering Change Authorization, ECA
01/4217. Several pipe supports were required to penetrate the roof of the Tank
Farm at ﬁlevation 71'40. In Rev. A, Site Engineering recommended cutting the
concrete by scoring the openings and chipping the concrete. Rev. B added
reinforcing steel, cut:t:ing:en‘c:iH ::p‘l'aceunt details and steel removal and
replacement and‘Steel WT's) Revisions continued through Rev. E which
incorporated additional details. During this process there was continuing
dialogue between the site and the home office.

This eHort e contro of
Site Engineering also prepares calculations.wh#eh,\is now under,\Field

(FACP)

Administration Construction ProceduresNo. 10, original issue was dated 3/11/83
and Revision 1 dated 10/27/83 (Reference 4. ). The majority of calculations
concerned misalignments of structural steel connections. The.usual case involved

commection made
a misalignment of bolt holes, which required a replacemengﬁp$§c—ue1d1ng. The
welding was designed to provide the equivalent strength of the bolts, even
though the actual forces might be Tess while this resulted in an overly
conservative connection, it did eliminate several cycles of communication
concerning design load requirements.

pea's ond

YAEC also participated in resolution of NCR's which might have serious impact
upon the project and which could not be considered routine. Two such issues

were being addressed during the early stages of the project.
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In many pipe support details, it is necessary to butt weld a thick plate at

right angles to an embedment plate. In approximately 20 cases the right angle
ellzr

plate has pulled out a portion of the embedment plate by lamimar tearing.

Similar problems occurred previously in welding of annulus steel. The fact

that the problem again came up was that there was no welding or material review,

nor was there any general communication issued to alert all designers of supports

to the problem of lamgﬁz:‘tearing. The problem has not been resolved)but-+he
tentative¥y consideration is being—given to chanfiu;steel from ASTM A-36 to

Lukens Fine Line 516. - ¢ YREC persov

are involved in the resolution.

& e ————

- / i J
= / ~\\\\‘\\\
(;?1t;\531t§\are being used\1Q the drifteliminator of the Cooling Towers. Due
: \ \

agsired in Stainless sieeI. However.\

\ |

I \
| to corrosion\gztential. the Hfﬁ%i bolts are
length was not avai\able in staiﬁ?ess steel; therefore,

ﬂ the required

\

| \
/\q?ngth is anticipated. A meeting was scheduled\to resolve\:his matter.

raised by A. Cerne of Region I'\concerning back to back and /
This item addressed and it\was found t atjﬁi/itﬁ///

¢ specific cases there was no negative effect. .

/ Aiother concern w

corger installation

The overall assessment of the design controls in the area'of design of structural
elements indicates that the design utilized the design criteria and provided
adequate margins of safety with regard to the code a11;3£3?;‘f‘ The staff
appeared to consist of experienced engineers thoroughly familiar with sound
knowledge of their profession. We do not expect that the neglect additionil
stresses produced by the modification of the beams (Finding 4-13) or eccentri-



cities of columns (Finding 4.19) will result in a drammatic reduction of the
margins with respect to the code allowable. The team concluded that the
structural elements examined have adequate capability to resist the expected

design loads.
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4.4 Design for Supported Mechanical Systems and Components

The objectives of this portion of the inspection were to examine the coordina-
tion between the design of the mechanical components, the support structure,
and the design of structural elements. The two tanks seiected for review were
the Refueling Water Storage Tank (RWST) and the Spray Additive Tank (SAT).
Both tanks are part of the containment spray system and are located in the

Tank Farmy sProciore.

Both tanks are supported at their bases and are anchored into the fill concrete
by means of high strength anchor bolts.

5/,,,7 A//ﬁve Tenk
The seismic load for the (SA? &spbtamed by assuming horizontal and vertical

accelerations egual to 1.5 times the peak of the ground response Spectra. JA/S
e vakn? st5ke Jna/ys,s ~2S com//e i confOrmance g% fhe ”e)yaa/

Ihis—is—very Hkelyavery conservative value and the-enchor-belts—were
2% prvc/f‘c/_fe’ o~ i Secton 3.7(8)- 2/ oF e FSARL bt Ae 203/7:/" e

wes po* debned o e m&;rcmeﬁf ;;:ea;fr:/'af; - e Fork

censervetiretydestyned. — Therefore; —in—spite—of—the—taH—configuration vf
M ok an o st e d s s th—the—NRE-SAP-—i
» L ia t) S@aiastnay

The Refueling Water Storage Tank (RWST) was purchased from Pittsburgh-Des Moines
(PDM) under UE&C Specification 9763-006-246-1 (Reference 3.52). PDM prepared
design calculations for the RWST (Reference 3.196); however, two errors of
omission were noted. One, in caiculating the stiffness of the cylinder only

the cverall bending stiffness was considered,with the shear stiffness being
neglected. Two, only the fundamental frequency was calculated, neglecting

higher modes.
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A reanalysis could indicate greater design seismic loads; however, it appeared
that the thickness of the cylinder could accommodate somewhat greater meridional
compressive stresses. Also, there appeared to be additional capacity in the
anchor bolts. The team does not expect that there would be a requirement for
material changes as a result of a reanalysis; however, such a reanalysis is
necessary to meet the requirements of the specifications and good engineering

practice. (Finding 4- )

The review of the tank calculations prepared by PDM was the responsibility of #e

| Ans/ysis Gro s porsibs /) \ S bethoeen omgani2zfons
/u“n ""“HA f desigm 2or

E&C. nAof the an bolts wa§‘Spl4x—u4xh-PDM spec'fy1{i the

bolt diameter and steel designation and tne UE&C Seabrook Project, Stiuctural,w=$
responsible for the design of the embedment length and local reinforcing if
required. The number, size, and type of bolts required by PDM was observed

in the as-built condition.

The pipe support which was located on the structural steel Beam B-9 discussed

in Section 4.3, was relocated so that the support was anchored into the concrete
wall Tocated parallel to and adjacent to Column Line E.7 in the Tank Farm
instead of being supported by the structural steel beam. The sketches for the
relocated pipe support structure were designed and presented on Drawing'4ﬁn

§%a»1-8018335, Support No. M/S-1833-RG-04, Sheets 13 through 174 R&v.5,s

’ &9/%3 (Reference 4. ).

During a field visit, the support was observed. A comparison of the field
installation with the design drawings indicated that the several of members

were larger than required by the design. The team had no questions relative



/16 /

L 4-3

to these discrepancies in view of the oversized members. By changing the
support from the structural steel beam, B-9, to the concrete wall, problems
which could be caused in the design of the steel beam were eliminated, however

as noted in Section 4.3 a finding was made on this subject.
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4.5 Desinn or Jupported Electrical Systems

The objective of this portion of the inspection was to review selective samp’es
of specific designs related to the structural support of electrical system.
in order to assess the interface between the electrical and civil-structural
aisciplines for design. Specifically, a determination was to be made as to

whether: -

(1) The licensee's design commitments contained in the FSAR and other

relevant documents have been met

(2) Correct design 1nformaiion had been coordinated and complete interfaces

made through a logical design process
(3) The completed design was adequate

The inspection in this area was conducted by a review of the lateral cable

tray supports being designed by a;;;aGEheering design group located just

off-site from the Seabrook plant. Organizationally the group is part of the LE¢C
Site Engineering Group, which is under the supervision of a project engineering
manager and a Technical Staff manager. The Group is known ac the Cable Tray
Bracing Task Group. This Group at the site compleé% work on the cable tray

support systems which are under the technical control of the Mechanical Analysis
Group for Electrical and Equipment in the home office. The home office group

reports to a different project engineering manager, known as the project system

engineering manager.
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The home office group is responsible for the development of the detailed
design procedures and related guidance and in the current mode of operation,
performs the analysis to complete the necessary design for the vertical loads
on the tray supports. The site group is then responsible for the analysis

which is comp fod ‘7 maten mer s m/,[()){‘aﬂf z

and design for the lateral Toadsy The co.~leted calculdtions and drawings *:; ":"Z”
7€ <G

by the site group are then sent to the home of ‘ice for final review and the Jeer cow-
/a/éf(-r/ b
incorporation into the final design documentation, which includes the design’sf. 4.,

for vertical and lateral loads. a%e.

The design of cable tray supports for the Seabrook project is governed by the
document known as the "Technical Guide for the Design and Analysis of Seismic
Category I Cable Tray Support Systems" (Reference 4. ). The team's effort
in the area of the cable tray support design included a review of the technical
content and details contained in this Guide as well as the execution of the
design. The Guide is considered to be a controlled design document for the
project on the basis that individual copies of the Guide are assigned to
specific individuals by copy number. The development of this technical guide
was the responsibility of the Mechanical Analysis Group which is a staff group

reporting to the Chief Engineer of Power.

The analysis and design procedures provided in the Guide are the result of

combining the results of actual test data for various components or elements

of the tray support system with analytical procedures and the use, in many
ot

instances,, a bounding type assumption in order to realize a workable design

A
procedure so that each and very design solution is not unique. A review was



£
Wy

#5-2 e /e

made of the specific FSAR commitments regarding the design of the cable tray
support system. The relevant commitments were noted to be in Sz.tions 1.8,
3.2, 3.7.3, Table 3.7(B)-23, 8.1 and 8.3 of the FSAR. ’ertain aspects of
conformance to these commitments were reviewed and Jiscussed by the NRC's
Office of Nuclear Reactor Regulation prior to th: team's effort (Reference
4. ). The team's effort was to interface with completed actions by NRR
and their understanding of the design execution and to verify that the

supports to the trays were indeed designed as Ciategory I structures.

Only general and very limited commitments were found in the FSAR with regard

to the manner in which the analysis and design of \he cable tray support system
would be executed. Note 5 to Table 3.2-1 in the FSAR stated that "qualification
of the conduit and cable tray racewfjs for the Class 1E safety related circuits
have been confirmed by analysis, and calculations verify the a equacy of the
systems based on the properties of the raceways (including tray where appli-
cable) and support components."” In Section 3.7.3 of the FSAR one of the methods
of seismic analysis for subsystems noted for the project utilized the cable

tray support system as an example of application of the dynamic analysis

method technique using the mod:l response spectrum technique. Diagrams were
provided in FSAR Figures 3.7(B)-31 and -32 to illustrate a typical gbling to
floor cable tray support as well as a mathematical model representation which
was used in the dynamic analysis. This constituted the majority of the

analyses and design details provided in the FSAR. No inconsistencies between
the FSAR and the Technical Guide were found during the review. The bast; for
the design of the Category I cable tray support systems ::;;Budgod to be well

i ‘dom
founded on a combination of test data,fnd accepted analytical and design processes,
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tos
uhich are based-on-test-—data—in-two—areasy The first,area dealt with the

actual ktatic’buxul (combined vertical and horizontal) load testing of
cable tray sections and the utilization of the resulting load-deflection
curves to determine the load capacity at the tray's yield point, the load
capacity at the state of local plastic behavior and then the ultimate load
capacity. The team did not review the documents related to the actual test
program, We did however establish how the allowable cable tray load limits
were developed from the test data. UEAC defined the allowable loads on the
basis of tray deflections being limited to no more than 12 inches in any

echon
direction based on electrical cabloAlinitations. The cable tray tests indicated

much lower \ﬁ?u:s“f:sf:l: cmr M;th’f?]d?ﬁmd yield. Tray testing
included the two configurations of trays which would be the most flexible

(the 12" and 24" ladder type). These tests in addition to the load deflection
curves also provided data on the effective member prope:ties which could then
be utilized in the structural model for analysis. The :implified structural
models integrated the cable trays and the tray support :ystem, consistent with
the actual design configuration. These models were then utilized in standard
structural analysis techniques to obtain dynamic responses and internal

forces for the structural assemblies. Testing was again utilized by UE&C

to establish the ultimate load capacity,ﬁ:l,\.\zﬂous types of loadings including
both levels of scisMc)for typical configurations of joints and members. The
load capacity of other structural members such as the cold-formed strut material
or structural steel was established by the manufacturer's data or by use of

N\

* \
existing codes such as,AISC, Spewfertron (Relorence & ).



The design criteria for the cable tray support system defines three loading

combinations and two stress or behavior levels. The dead weight alone and

the dead weight of the ti% plus the cable and the OBE loading are to maintain

the support system in the elastic ranve. The dead weight of the tray plus the
cable and the SSE loading allows some oxcursion into the plastis range, yet
assures structural integrity. The desiin philosophy also encompasses the use

of the largest yet most flexible cable tray configuration so that the resultant
loads into the vertical support members :re maximized. The bracing members £
are used to increase the fundamental frequency of the system and therefore -:!Q‘+
the response away from the peak response region. Damping has been taken as

4% for the OBE and 7% for the SSE which is as provided for in the FSAR.

Section 6.0 of the Guide provides detailed instructions on the execution of

the analysis. It was noted that mass points were required to be located

no further apart than 36" in order to more accurately reflect the behavior

of the tray system which is generally supported at 10 foot spans or less. The
various standard configurations are provided as well as the types of permitted
lateral bracing and the design details which must be addressed for each type.
The various types include the single support transverse bracing, two sided
hracing, multiple support transverse bracing and axial bracing. Guidance fis
also provided on thermal considerations, torsion, buckling as well as welding
and attachment to concrete. For situations where the cable tray support system
1s connected to main building structural elements which have different amplified
response spectra provisions are made for using enveiope spectra or by a carry-
over type analysis from one response spectra area to another. The dynamic

analysis can be completed using a equivalent static load using the peak value
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beth ot zre
with a 1.5 factor or utilize a dynamic analysis/Which #sAin accordance with

approved NRC methods. Documentation requirements are delineated and standard

calculation forms for cable tray supports are provided. <¢—
A SIS ‘—/’

e

The Appendices to the Technical Guide address in detail the related information

necessary to perform the design of cable tray support systems.

The sample calculations selected by the team for review to assess the manner

of execution of the design and to assess the adequacy of the resulting design
5:::1; series of calculations related to the lateral support of cable trays

in the Control Building. They were prepared by the Cable Tray Bracing Group

at the Seabrook site in the Site Engineering organization and transmitted by

a memo dated August 2, 1983 from Site Engineering to the home office (Reference
4.___). This submittal contained calculations in the southwest quadrant of

the plan for Elevation 21-1/2' in the Control Building as shown on UE&C Drawing
F-31044% (Reference 4. ). The calculations included the analysis and design
for eleven separate sections of multilevel and multibay cable tray supports.
Preliminary calculations for Section SW-3 (Reference 4. ) were selected for
review. All assumptions were noted and those which required future verification
were 5O marked such as the assumption that the amplified response spectra are
final. This was found to be consistent with the procedures defining the comple-
tion, control and documentation for calculations. Specifically those procedures
consist of GEDP-0005, "Preparation, Documentation and Control of Calculations”
(Reference 4. ) and AP-22, "Calculations” (Reference 4.__ ). AP-22 takes
the corporate design procedures contained in GEDP-0005 and defines in more

detai] how the intent of GEDP-0005 is to be met for the Seabrook Project. It

/e /g
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was noted that AP-22, Apr>ndix 0 which addresses the requirements specific to
the Site Engineering group with regards to types of calculations completed,
indicates that the Group is authorized to perform support design modifications
to electrical systems. The work being completed by this group is in fact
modifications to the vertical support system designed in the home office by
the Mechanical Analysis Group (MAG) to accommodate lateral loads. With regard
to GEDP-0005 it is noted that AP-22 would require the work being done by the
Cable Tray Bracing Task Group to follow FACP-10, "Procedure for Site
Calculations" (Reference 4. ) except that it is stated that where required

individual disciplines may use separate guidelines for calculations.

The references utilized in the calculations, whether specific to the project
such as those providing the details, for example of support type vs. the critical
vertical and horizontal frequencies of that configuration to those which include
standard text books, handbooks and vendor's catalogs on engineering details

were provided. Two of the three vendor catalog references utilized for strut
material and hardware data utilized in the calculations for Section SW-3 were
used in the verification process by the team. No discrepancies were found

and the interpretation and application of the data was judged to be correct.

[t was noted in the calculations that where several individual bents of
laterally unconnected support frames are subsequently tied togeﬁ&er laterally
through braces that UEAC utilizes the square-root of the sum of the squares
(SRSS) method to combine lateral loads. The team had no disagreement with

this concept. In general there appears to be significant margins in the

tray support system due to the simplifying assumptions made to minimize the

number of unique designs required. For exampIe,the worst tray cross-section
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is used, supports are designed in general for 10' spans of trays, in most

instances the static load of 15 times the peak of the enveloping response
S vS

spectra aﬁa the member/joint type selected usually has a capacity

]

significantly greater than “equired.

The procedures and execution of the design of the cable tray support system

for lateral loads were reviewed against the requirements of Section 4, Design
Process, Section 5, Interface Control and Section 7, Document Control of

ANSI N45.2.11-1974 to which the project is commited (see AP-22, Section 1,

p. 1). The design activities were found to be prescribed in specifications,
procedures and the Technical Guide for this task. These documents provide
adequate control of the design execution to be complete by the individual
designers. The design assumptions and design input were clearly defined and
the associated calculations clearly identifiable by subject, originator,
reviewer and associated dates. The stiandardized sheets for calculation title
sheet, calculation control sheet, table of contents, status of revisions,
assumptions and references has resulted in complete and fully adequate
calculation packages. The interfaces are well defined and understood as the
information flows from the electrical group, MAG and the Site Engineering
group. The lines of communication were judged to be well defined and
established. The documentation examined proved an excellent example of a package
of work completed by Site Engineering, Cable Tray Bracing Group and transmitted
to MAG for final review and concurrence as well as integration into the total

package of calculations for the cable tray support system.
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Based on the team's review of this specific area of engineering and design

effort UEAC's design control appeared to be very good. No findings were made.

A1l licensing design commitments selected for review were reflected in the

design documents being utilized for the project. In addition, more detailed

design criteria and procedures have been developed and are being utilized

on the project. The design process has been quite clearly defined and developed

in the Technical Guide for the Design and Analysis of Seismic Category.l

Cable Tray Support Systems. Correct design inputs and design information have

resulted from the systematic application of the Technical Guide based on the

team's review. The specific review of Section SW-3 of the cable tray §ipport
resolted in o on that the design was

system in the Control Building we§\determ1n‘§-&o—beﬁfully adequate. It was

apparent that a great deal of engincering effort was expended,including

substantial testing where it was apparently determined that actual test data

in He evoltion o s ales.crn quc/ence

would add to the reliability of the engineering and design process, A Whether
this was a joint decision by UE&C and YAEC/PSNH or a singular decision, the
project is to be comended for a well organized design process for cable tray
support systems and one which is adequately controlled based on the team's

limited sample.
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The objective of this portion of the inspection was to determine for a sample

of instrumentation and control systems whether:

” / " ¢/ wes
(1) ¢the mAchﬂoss u‘ncutod in accordance with the

appropriate procedures and in conformance with the guidelines contained
leepsee mn:/a.ﬂ# snd rhe
in thcl‘ﬁu':fit,y Assurance Manual,
re/ated Ho The fu”vr/ o He TdC -’7”"""
(2) $Correct design 1nfomtionA-Ms been coordinated and complete interfaces
made in a controlled design process, ond

bor supperts
(3) {The completed design ns,’amu.

A

The equipment selected for this inspection was an };str_unntltion rack designated
as MM-IR-14, Tocated in the equipment vauﬁgﬁla’twn 3'48, west of Column
Line D and north of Column Line 1.

 Prmsasdons for Purebase of Enyisunivg bypons
The purchasing of ~tln equipment such ‘u this rack ypntroncd by ;MSlMM-
strative Procmr.c' AP§ No. 1.3, Mapdl This procedure has n
revised several times, the last being Revision 5, dated November 1, IDOJAA It
describes the procedure for preparation of the suggested bidders list, material

requisition, bid analysis approval by the

issuance of purchase order and change orders,

ce? —
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"Co.hol Selte Dw
The provisions of the AP-18 are coordinated with mov-mmc

Resign", iseved-emMay 14, 1880, the current issue being Revision 2, dated
Lefercnce * o

October 14, 1983, This procedure addresses the control of seismic analysis

and seismic design of structures, systems and components and defines the
responsibilities of the project personnel and staff groups for the Seabrook
project. It also describes the requirements for the development and control

of amplified response spectra (MS) in accorancc wStr neral Engineering

and Design Procedure (GtDPi-OOlZ oxcc for dcvhtiom as identified in
e cel Dag iy Procs dircs (Sambrown ), d?u.ﬂu.ku
AP-Z 3 *

w ‘3“*—1

From nts which we have revievad 1t appears that the pivot/’( figure
fn the interfacing between various disciplines is the Coordinator of Seismic
Design (Q@. His role has been mentioned briefly in Section 4.2 in connection
with development of@fnr piping supports. Similarly, in the case of equip-
ment supports, the @bocons the nerve center of coordination of the design

ort in interfacing between project personnel,
@ Hachanical Anatys o Growp((MAG)) anc W@
team judged that introduction of this position in the organization of the staff
of UEAC greatly improved coordination of the activities related to the design
of structures, systems and components since many separate groups are involved
in the complete design process.

M -

In case of ii-14, the I&C Group issued a Staff Work Request Mm‘@ to
revise response spectra in order to incorporate instrumentation madés{ which
included Rack No. 14, MAG responded that the (ARS)tables are not available

and requested the Sedsmie-Bestgn Coordinator @ to originate the Als\ or
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the rack at the specified location. The next action was from(CDS)to tm@
group requesting that the (ARS)be generated. Upon receipt of the(ARS)from the
O they were distributed to varfous disciplines, MAG being one of the
recipients. Following the provisions of ”-”@«volop‘d the loads at
the anchor poms which have been used, through the(SDC) by the structural
discipline 1n,‘dn1gn of the structural steel framing at the location of the
rack. Meanwhile,(MAG)reviewed the vendors sefsmic qualification report with
respect to specification for the rack and was found to be acceptable.

We verified that the ARS values used by uomm-u‘upm_w@
were those provided b tmrmnrmr@ through the Setsmic

~bestan Coordinator as required by the AP-36. We also verified that the
values of the final anchor loads generated by tm@havc been based on the
fnformation obtained from the vendor's drawings and that they were used by
the structural discipline staff 1n,‘”d:ugn of the structural members.
’;’,w/“-\ho reviewed the method of development of the ARS by ducuniorxnith the
ﬂ‘\a/k ognizant engineers of N/SM and by reviewing the method as described in

’p o the Controlled ARS Tables entitled "A-Hf)ud Response Spectra for Seismic

‘_—-—

. Category | Structuru,, hese tables unde controlled updating and
distributd nce wim:t:;”n Procedure No. ”W@
,':."2“3'"” ﬂdntnting the complex system of Murﬂcmg
roups and project disciplines 1s shown in Figure ;
11lustrates the complexity of the problem and also shows the vital role of

the coordinator of seismic design @ in the pr “ess. [t has been pointed
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out previously (no-iu&-‘-&) that in the put,,l\ack of tho{CSD)ns responsi-

ble for use of incorrect seismic amplified response spectra. The team found
evidence of such a design deficiency, which occurred as late as in 1979, in
the areas of seismic design of safety related components supported by the
containment annulus steel frames. By memorandum SBU-31426, dated November 6,
(‘?‘iﬁ!ﬂt( S N
1979 Au &C reported to project manager, YAEC, that the amplified response
e ¥ | e b 8
spectra used in the dcsign,k that for'{the annular steel fra Aw
e
have-beemruSRd. [t has been also found that the amplified response spectra
for the annulus steel frame had "g" values greater than that used in the
component design. The same memorandum informed the project manager that in
order to ensure that other discrepancies do not exist in the sefsmic design,
an audit would be performed to ensure that the proper amplified response
spectra were used of all items on the Seabrook project. In the case of the
Seabrook project it appears that a satisfactory design has been achieved without
significant changes to the component. We consider the above as an excellent
f1lustration of the importance of good coordination of design effort between
various disciplines in a project of the size and complexity of a nuclear

plant.

The amplified response spectra (/*) are computed by means of a time-history
M seismic analysis. The overall dynamic response of the structure is

determined by analyzing a model formed by lumping the mass of the structure
and the /:on-wv::lo equipment. These masses are,in most cases Jumped at the
floor mn& masses are connected by weightless elastic beams which

represent the structural members between mass points. Torsfon {s accounted
for by considering the eccentricity betwen the center of mass and the center



of rigidity. Floor slabs are assumed to be rigid in their own plage.

componan?
Each structure is analyzed for two horizontal components and one vortical,‘for

(oos)m@mmum of ground motion, sné the common response from the three
components are combined by the square-root-of-the-sum-of-squares (&M96) method.

Cocn amplification of overall response og computed by one of the two methods.

In the first method, the slabs, beams and columns are evaluated for a range of
frequencies selected for all local frequencies below 33 Hz. An overall stick
mode! is then generated in such a way that at each elevation examined, the
sunmation of the weight of the single-degree-of-freedom (880f) modes and the
stick mode! mode equals the total weight. The single degree of freedom systems,
representing the computed range of local frequencies are connected to the overall
stick mode)l as 1f they were all rigid. The stick model (4meluding-the-SD0F-e)

is then analyzed using the ground motion artificial time history as the input

forcing function.

The other method consists of performing a dynamic analysis, using finite
lements, in sufficient detail to predict local modes of vibration. In this
case the input forcing function, at the elevation of the structural element,
is the response time history from the overall stick model.

The frequency and time history analyses are performed using the STARDYNE
computer program, As a result, the maximum response of a series of@
oscillators is obtained, over a range of frequencies and the plot of these
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values is the amplified response spectrum, which is generated using the SAGO58
¢ nce .
computer programa The SAGOMvtonputcr code is then used to generate ARS tables

by enveloping raw curvos(goncntod gy SAGO58 and spreading the peaks by 10
percent or more in accordance with the requirements of Regulatory Guide 1.122.

C found that the methods of generating the amplified response spectra described
ahove are acceptable.

ot vaabieat &- s bouin el kﬂ' k

While reviewing the sedsméc model ' used by /to generate thc ARS we noted
o
that the location of the platform u,;{cvation 3' 4 was incorrect when compared
(lcforence + s
to the structural drawing F-101558, Rev. 6, dated 7/9/82, Since the mode -

iteself was dimensioned corrcctly, the relative displacement of the model in
relation to the reference points will not affect the results of the SAG's

Eb.
analysis. We found, however, that an observation is in order to point out Q.N‘"‘

the apparent lack of attention to the details on the part of the SAG analyst we o
. Yo
and the checker (Observation4. /o), \_:

(RIR & Connt, Sprasy Tgusprum ot VeulF SR

Mﬂoﬂ we observed that the structural design drawings Nos. F-101558
wol
?ptmr 28, 1976 and

and F-101562"mave been released for construction on

(Lefevences ¥ ad 4

July c ma mpocmoly and the structural design cnculmons €alculation
-‘..& Vel P 342"

PB- c e on r A We rtquos hat the original

structural design calculations, from which the above design drawings were

prepared and the members fabricated and 1mtall¢d,bc presented for inspection.

The original design calculations could not be found and we concluded that

the absence of such computations constitutes violation of AP No. 22, "Calculations"
(M‘rc * —

Section 2.3.1, Revision 5, October 1, 19754( nding 4.20).
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Review of the Calculation No. PB-76, Rev. 0, dated December 1, 1983 revealed
that when the designer considered different load combination equation involving
seismic loads (OBE Un-S8E) the live load had been omitted. Ho—coas-tdondms
tv-h"{h”violation of “Structural Design Criteria" SD-66 Rev. 1, November 30,
1982, Section 4.2.1 and Table 5. 4-5\“ dis‘cfass:d_tﬁ)mtter with the staff
of the Structural Discipline. They presented an argument that this is consistent
with sound engineering practice since during operation of the plant there

will be no load (such as people or material) which could be classified as

live load. Furthermore, the footnote pertaining to Table 4.2-1, of SD-66,
"Uniformly Distributed Live Load" states that: "Uniformly distributed live
Toad" shall not be considered with seismic load conditions excopt loads which
are marked "Permanent". Examimination of Table 4. 2 1 revul& that with two
exceptions (150 psf in control building afpilm:v:tai:n (+) 9'«#*) the only live
load Tisted as "permanent" is snow. In our opinifon, such a classification

of the Tive load practically eliminates consideration of live load from
structural design in combination with seismic loads. This is contrary to the
statement in FSAR Sectfon 3.8.4.3.a.1(b), "1ive loads" which states that

"Live loads are all temporary gravity loads including but not Timited to

normal snow loads, conventionally distributed and concentrated floor lonads,
and movable equipment loads, such as cranes and hoists". Additionally,
omission of live loads from load combination equations violates the require-
ments of Section 4.2.1 of the SD-66 which states that "except for the
Administration and Service Buildings the minimum live load shall be 100 PSF".
We do not object to the statement in the same section of the SD-66 which states
that "When actual equipment loads are used, uniformly distributed 1ive loads
need not be applied to the area covered by the cquwunt.. In the final analyses



the actual equipment loads may be used unless estimated uniformly distributed

live loads are greater than the actual loads, in which case the members designed
with estimated loads may be revised or left as originally designed". We do,
however, find it objectionable to remove l1ive loads from the areas away from

the equipment.

We asked the staff if the floor live loads presently are or will be posted

in order to prevent an inadvertent overloading on any area and we have been
informed that they are not posted now and that such action is not planned for
the future. 9 ng Tiv
fHted—{Finding4:23. From the discussions which we had with the UEAC staff
we infer that omission of live loads in combination with seismic loads is a
wide spread practice and we recommend that in;‘r:solution of this issue an audit
be initiated which would assure that the affected structural members are not

overstressed when subjected to the load combinations including live and seismic

loads. 7he s om 5S5i0n oF Ave /feads im combnaton w.H Seismic

lozds in //Garm oY “VCf'd b epu en?‘ /s eons‘f'o/"'&/
» obe 2 w'o/a?‘;'on o e rﬁ‘ud‘—'r;?/ e,,;,r m/m;/ﬁ.'{n, ¢23),

During a tour of the plant, we observed that one leg of the. instrumentation
rlc::rk.-ll in the Auxiliary Building Equipment Vault at,,n.'uuoﬁ' 3 is
resting on a 1/2 1nch7$ﬁ$e instead of the structural member, C10x15.3 as
uszd in the design (Calculation gee-MG PB-76, Rev. 0, dated December 1,
i%;z. Trfi.s ;:nmion forms a cantilever with respect to the channel.

We concluded that this is contrary to a sound engineering design and
recommended that a vertical stiffener plate be provided, welded to the channel,
and under the leg of the rack to carry the load to the channel. The reasons

for this recommendation are as follows:



a)

b)

Vet

#C-9

The ARS have been developed for the supporting structural member not the
~iate and therefore the dynamic response of the plate supporting the rack

will be different from what it has been designed for, and

The Teg of the rack is situated at the corner of an opening in the plate
or/en;
platform which has been cut out to accommodate vertically =u%n+fg&cables.

This may be responsible for stress concentration./” We reviewed the level

of stresses in ihe plate platform supporting the rack and we found that
they are low with respect to the code allowables. For this reason and
because the situation just-described did not violate any requirements

His Fo be
regarding existing codes or procedures we did not consider that—£iling

ef a finding would-be—approprieta. We do believe, however, that providing

a stiffener plate as described above would improve the design.

In summary, it appears that the process of procurement, and design of supported

instrumentation and control systems is well managed and design controls are

+ -
handled in an effective and efficiend‘ way. It would appear from Figure X

that the interfacing between different disciplines and staff groups could be

more streamlined but taking into consideration complexity of the problem one

can run into a cdanger of oversimplifying the procedures and bypassing important

quality controls which might result in serious inadequacies of design.
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Notes on Figure X

Generation of Anchor Loads

. appfay/»'”éfj
1. I&C requests MAG to provide ARS at a specific location K]ev. 3'&P) for

~MM-1R-14,

mre =
2. The ARS for the,IR-14 were not available, therefore MAG requested CSD to

generate the ARS.
3. CSD transmitted the request to SAG.
4, SAG generated the ARS and transmitted the information to CSD.

5. CSD distributes the ARS to project discipline and staff groups. Advanced

copies immediately, controlled copies approximately every six months.

6. I&C provides ARS to the vendor for preparation of seismic qualification

report (SQR).
7. Vendor prepares SQR and submits it to I&C for review.
8. I&C forwards the SQR to MAG for review and approval.

9. MAG notifies I&C of acceptability of the SQR.



10.

11.

12,

’/o@

MAG generates anchor loads and transmits them to the CSD.

CSD transmits the anchor loads to the structural discipline for design/

verification of structural members.

Structural discipline prepares the design calculation and the drawings

and releases it for fabrication and construction.
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4.7 Subcontractors Off-Site

The objectives of this portion of the report were to ascertain:

(1) How the licensee's design commitments being implemented by(UE&Q) were being
transmitted and used as input for implementation by several off-site

contractors.

(2) The level of control maintained by (UE&C/ over the subcontractor as well

as the actual performance of the subcontractor.

ant o
The manner in which tke- subcontractors performeéaad controlled activities
A

-
w
~——

impacting the design of the facility.

In order to complete this phase of the inspection effort a selection was made
from a list of subcontractors doing work in the design, engineerind and services
area of the project. The first subcontractor selected was Prof. Ed Burdette
(test verification of certain design assumptions) who was chosen on the basis

of an example of direct design related services. The second and third sub-
contractors were selected on the basis of the volume of work as well as the
fact that both represented the next step in the design process beyond the

basic design engineering effort completed by UE&C. These were William J.
Lester, Inc. (structural steel detailing) and Bethlehem Steel Corporation

(detailing, furnishing and fabricating reinforcing steel).



Burdette Consulting Contract:

In 1980, United Engineers and Constructors (UE&C) contracted Professor Edwin G.
Burdette of University of Tennessee, to perform certain tests to establish the
load-displacement relationship of the liner plate anchorage system to be embedded
on the concrete containment. The objective o’ these tests was to demonstrate

the adequacy of the liner anchorage system to meet the requirements of the ASHME
Code, Section III, Division 2. We reviewed the wvailable documents pertinent to
the tests provided by UE&AC. The test program was administered as & part of the
Purchase Order No. H.0. 56971, Change Order No. 1, dated 9/29/80 (Ref.

The Procedure for Ccntainment Liner Anchor Load Test (Ref. ), required that
the specimens be prepared on the Seabrook plant site using the procedures and
material approved for construction of the containment structures and shipped to
the University of Tennessee for testing. These specimens consisted of 3'-4' x
3'-0" x 2'-3" high concrete blocks with the liner plate attached to the 3'-4" x
3'-0" top face. The embedded anchors consisted of tees 12 inches long and the
two studs, 3/4 inch diameter and 12 inches long. We concluded that the specimers
used in the tests adequately represented the containment structure and the liner

with its embedment system.

The test procedure required that all measuring and test eduipment be calibrated
before testing and evidence of calibration be available for review. At our
request, we were provided with a Testing Machine Verification Certificate,
(Ref. ) which stated that the 120,000 1b. capacity machine, belonging to
University of Tennessee, had been calibrated and the loading ranges have been

found accurate with tolerances ranging from 0.42 to 0.83 percent. The cali-
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bration was performed by the Tinius Olsen Testing Machine Company, Inc., of
Willow Grove, Pennsylvania on June 10, 1980. The load cells output readings
found in the report were based on the load readings from the same testing

machine referencing the same calibration date.

We concluded that ther» was sufficient evidence of adequate quality control

and that the tests were conducted with an adequate standard of reliability.
Bethlehem Steel Corporation:

The basis of the subcontracted services and in this case material, to Bethlehem
Steel Corporation (Behtlehem) by UE&C was the UEZC document, “Specification

for Furnishing, Detailing, Fabricating and Delivering Reinforcing Bars"
(Reference 4. ). This document was issued originally as Rev. 0, 1/24/74

and has undergone ten revisions since that time. A detailed review of the
important design information relative to this specification was made by the
team with respect to the design commitments of the FSAR and the discussion

was noted previously in Sectiop 4.4 of this report. Since the Seabrook project
was committed to use the ASME Boiler and Pressure Vessel Code, Section III,
Div. 2, the specification imposed stringent requirements for quality assurance.
No distinction was made in the specification so that all work and material
supplied by Bethlehem was to conform to the ASME Code. The team placed
specific emphasis on the manner in which Section CC-2700, Materials
Manufacturer's Quality Assurance Programs, were reviewed, accepted and imple-
mented under the requirements of the specification. The rason for this was

due to the fact that the Seabrook Project represents the first incorporation



of the ASME Code, Div. 2 into a plant proceeding to completion. Bethlehem,
prior to the start of the Seabrook project, had addressed 10 CFR 50, Appendix

B in a quality assurance manual which was undergoing rework early in 1974.

An.early version of the Bethlehem Quality Assurance Manual was submitted with
the bid in January of 1974 and subsequently reviewed by UE&C. As & result of
this review a series of meetings and discussions ensued in order to obtain

conformance with the specification. In addition, to meetings held at UE&C

YipT Ty e

offices on January 23, 1974, meetings and reviews were he{iﬁ?t the Philadelpﬁia
Bar Shop of Bethlehem where a QA Audit check list was used ﬁb perform a
Facility Survey conducted by a GA Audit Engineer from both YAEC and UESC.

The following day similar discussions and audit activities were held at the

Steelton, Pa. facility of Bethlehem.

The results of these discussions and audits were documented by YAEC and UE&C
as well as by Bethlehem (References and , respectively). The Bethlehem

report highlighted the following items.

(1) Interpretations of quality assurance by YAEC and UEAC is more stringent

than any seen to date.

(2) QA Manual submitted with the Bethlehem bid proposal was considered

unacceptable in its form at that time because of:

(a) Separation of QA for steel production and detailing/fabricating

not clear.
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(b) Certain items should be removed from the QA Manual and developed
into written quality procedures including such items as testing,
instrument calibration, drawing and detailing standards and

document checking, review and approval.
(c) Needed improvements in document control.
(d) Needed clarification of stop work authority and chain of command.

(e) Needed clarification on control of non-conforming material and iden-

R 2 £ AL JY e L f’ s
tification of material by heats and control &~ icenmimeaTion & "¢/ JepricaTion

(f) Definitive information on the control of quality in the Engineering

Department.
(g) Needed personnel/position descriptions and individuals' qualifications.
(h) Needed changes in thg Bethlehem Nonconforming Material Report forms.
The report ended with the following statements.
"J. W. Singleton (YAEC) invited us to visit their facility for general

review of any of the Quality Assurance Manuals in their possession as

an aid in our preparation of manuals.
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It appears that our present thinking of the Quality Assurance Manual

i~ right on line provided we have documented quality control procedures
available such as described above. I believe they have given us some
good pointers which should be to our advantage in the future if we

implement them now."

Following these efforts Beﬁklehem continued to work toward achieving an
upgraded quality system including a revised QA Manual and a series of
quality procedures based on the interfacing which had been taking place
between the three major parties on the reinforcing steel. At the same
time Bethlehem was providing comments to UE&C on the specification which
had been issued for bidding purposes. A series of correspondence was
reviewed in the Bethlehem Seabrook project correspondnece file (File
Folders 1-4) over the period from January 1974 through the date of the
contract, May 15, 1974 to October 25, 1976 when the Bethlehem QA Program
for Seabrook 1 and 2, Rev. 2, 9/26/76 was approved for Fabricated Rein-
forcing. These documents included other audits performed by UE&C at the
various lucations where Bethlehem was doing or was to perform work on
the ©eabrook Project. These documents are included as references to this
report (References 4. through 4, ). The first transmittal of
engineering drawings to Bethlehem u‘:::- on July 18, 1975 (Reference 4. )
m/\i’e‘:ﬂ?r o ?&glmhnga by UESC on June 3, 1976 (Reference
4. ). It was noted in reviewing the information related to work being
processed in the various Bethlehem facilities that the first reinforcing
steel shipment was made from Bethlehem's Boston Shop on August 3, 1976

which was prior to the approval of the QA Program by about 3 months.
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In addition to the detailed review of the controls exercised by UE&C over
Bethlehem in performance under the contract and the technical and quality
requirements of the specification, the team reviewed selected portions of
Bethlehem Quality Assurance Manuai, the Standard Quality Assurance Program
Manual for Fabricated Reinforcing Bars, the Facility Manuals and the Quality
Assurance Procedures Manual for Fabricated Reinforcing Bars (References 4.

and 4. ).

The QA Manual (Steel Plants) provides the statements of quality policy for the
entire Steel Operations Group and functions as a single source document.
Quality manuals, procedures and instructions at individual plants and shops
emanate from this QA Manual. The responsibility for quality programs for the
corporation rests with the Office of the Chief Metallurgical Engineer of
-teel Operations. As part of the Bethlehem "lant Committee System there is

@ Corporate Quality Assurance Subcommittee wi.’ch serves to develop and
coord‘nate quality assurance policy. The Bethiehe QA Manual is in a form so
as to address several MIL Standards, ANSI N45.2, ASME bc”V Code, Section I1I
and 10 CFR 50, Appendix B. Segtion 5 of the Manual includes the specifics

of the corporate policy on the quality assurance program as applied to
fabricated reinforcing bar. In summary, the following points are addressed

in the Manual.

(1) Fabricated Rebar Quality Program is coordinated by the Reinforcing

Bar Engineering Group.
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(4)

(5)
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The QA Program for Reinforcing Bar Fabricating Shops is consistent at

all shops in the country.

The Chiel Metaliurgist at each piant coordinates reinforcing bar QA
poiicy but at shops (fabrication only) it is addressed by on-site

Engineering or a separate quality group.

Audits, final disposition of corrective action and control of records
are performed by the Bethlehem Home Office Reinforcing Bar Engineering

Group.

The management review for the Fabricated Reinforcing Bar QA Systems is

performed by the Corporate QA Coordinator.

The Standard QA Program Manual for Fabricated Reinforcing Bars addresses fifteen

of the eighteen criteria of 10 CFR 50, Appendix B, noting that Sections III,

IX and XIV which are Design Controls Control of Special Processes;and Inspection,

Test and Operating Status respectively, do not apply to the services or products

of Bethlehem Steel Corporation. The team did not disagree with the exceptions

?
taken by Bethlehem.: The Manual provides a description of the QA organization

and the authorities, responsibilities and duties of persdns performing the

QA functions. It also sets forth the Bethlehem policies for satisfying the

QA Program requirements and references the other Bethlehem procedure manuals

which describe, in detail, the procedures and instructions for accomplishing

the activity.

e
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The manner in which the QA Program Manual for Fabricated Reinforcing Bars
becomes a specific quality document on a project is that during the proposal

or bid stage the Standard Manual is submitted as an uncontrolled document

and forms the basis for specific project quality assurance items relative

to the contract. With contract award the manual is amended, if required, using
an appendix to provide conformance with the ciient's specific project quality
assurance program. At that time, the Manual becomes a controlled quality

document.

Bethlehem's next level of control consists of a series of Facility Procedure
Manuals appropriate for a given activity and a given Sethlehem facility. These
address three basic activities: steel production, detailing reinforcing steel

and fabrication of reinforcing steel.

The remaining Procedure Manual is known as the Quality Assuraoce Procedures
Manual for Fabricated Reinforcing Bars. This is a standard manual which
details the procedures required to implement the QA Program Manual for
Fabricated Reinforcing Bars 1n;lud1ng th2 monitoring of the work procedures

of the facility manuals for detailing and fabricating reinforcing bars.

The team reviewed selected portions of these manuals in order to assess the
quality syytem

programmatic aspects of Bethlehom's<¢'oqriuqend then to assess manner in which

Bethlehem has performed and control:?%s activities which impacted the design

of the Seabrook facility uader—thetrprogemam. The following sections of the

Standard Quality Assurance Program Manual for Fabricated Reinforcing Bars were
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reviewed for conformance to 10 CFR 50, Appendix B for the specific use in

reinforcing steel detailing and fabricating activities.

Section Title Rev. No. Date
B Instructions and Procedures 2 1/1/79
5 Document Control 2 1/1/79
8 Inspection 2 1/1/79
12 Nonconforming Materials 2 1/1/79
13 Corrective Action 2 1/1/79
14 Quality Assurance Records 2 1/1/79
15 Audits 2 1/1/79
16 Special Contract Requirements 2 1/1/79
including Appendix A, Special Quality 4 4/26/719

Assurance Requirements for Seabrook

Station

Several items are of note as a result of the review of these manual sections.
Section 8.2 related to the Engineering Department requires a scheduled review

to be conducted on the current work of each detailer assigned to nuclear projects.
The review is conducted to assure conformance to ACI, CRSI, Bethiehem Steel
Corporation Standard ani the project specifications. This was viewed by the

team to reflect Bethlehem's full commitment tn a quality system and assuring

that the detailing of reinforcing steel is being done as required by the Project
documents. In Appendix A the special requirements imposed by UEAC in Section

3.2 of the specification related to Cadweld sleeve criteria fit were reflected.
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The requirementf the ASME Code regarding visual examination for

transverse cracks which were part of the specification were also reflected

in the special requirements of Appendix A. With regard to bar testing,
Bethlehem 1nc1uded.1n Appendix A a procedure defining the mechanical testing
of reinforcing bar to meet ASTM A615, the ASME Code, Regula ?
and the specification. Also contained in the Appendix is a commentary on the
Reinforcing Steel QA program, mainly emphasizing the traceability of material
from the time it is produced in the steel mill to the time it is fabricated,

shipped, received and stored on-site.

With the Quality Assurance Procedures Manual for Fabricated Reinforcing Bars

the following procedures were reviewed.

Procedure Title Rev. No. Date
I1 Document Control 3 2/1/79
I11 Review of Placing Drawings 3 2/1/79
Iv Inspection . 4 2/1/79
VII Nonconforming Items 3 2/1/79
VIII Corrective Action 2 2/1/79
X Audits - 2/1/79

A1l of these procedures were noted as being very comprehensive and detailed
and provide an excellent tool for the personnel who must execute these procedures

as well as those who use them in the review, inspection and audit functioné.
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Two additional procedures, which were specifically associated with the work

completed for the Seabrook project were reviewed. The first was "Quality

Control Procedure for Fabricated Reinforcing Bars for the Bethlehem Plant,

Engineering Depértment. Detailing," Procedure No. I., Rev. 1, 6/1/81 (Reference

4._). The second was the "Quality Control Procedure for Steel Operations

For In Plant Shop for Fabricating," Procedure No. 1, Rev. 0, 10/14/77 and the
Reference <. e

Addendum for Steeiton Plant, Rev. 0, 11/28/77 5 These were noted to be adequate

to control the detailing and fabricating work that was done and is still

underway.
In adcition to reviewing the specifications and manuals documenting quality
contrul anc compliance with the pertinent codes and standards, we also reviewed
shop drawings, generated at the Bethlehem Steel offices in crder to verify
their conformance with the design drawings produced by E&é

. Were
We learned from the Bethlehem staff that the reinforcing steel which have-
been detailed at the Bethlehem home office were for the following elements of
the containment structures:
(1) Renctor Pit

(2) Cont)inment slab, E1. (-)26'

(3) Personnel and equipment hatch
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(4) Containment dome - Unit #1 has been compieted, Unit #2 is being worked on.
Exotic bars (around cpenings and out of plane bending) are detailed at the

Philadelphia office.
(5) Primary shield wall, approximate elevations (-)25' to (-)2
(6) Containment building slab, E1. Q'

Detailing of reinfercing bars for cther structures has been done either at the
Boston or Philadelphia offices. - During our inspection in Bethlehem, Pa.,

we reviewed scme cf the drawings pertaining to the reactor pit and the contain-
ment dome, Elevation 119'{rthe spr1r ne and apex. Th list of Adrawi

which :/}é/been revigwec duriﬁg?ihe :;g;ct19ﬁ7ls con96§::d 1n‘§:idlgﬁ/?§9//<J
(Referénces 4, _ P— ’i} le have—seen informed that the mejor difference

P

between the Unit 1 and Unit 2 drawings is the fact that in Unit 2, by

increasing the length of some of the reinforcing bars, the number of caldweld
y e” 44

splices has been reduced, (e viewed 7Ais as ‘;”):{“"‘j’é fj/ A

SYREC 27 VEEC mzéf’7 /mpnt’é”"”’/g i € C/Pf'j/’ oo

Due to complexity of the reinforcing in the congested area of the reactor
pit, the detailing was done using a model, which was built by UE&C, showing
all the reinforcing steel in actual position. The Bethlehem detailers studied

the model and then generated the shop drawings.

While reviewing Bethlehem Drawing No. O17RM31, Rev. 4, dated December 5, 1978
(Reference 4.___) and comparing it with the corresponding UEAC design drawing,
Drawing F101402, Rev. 13 dated March 24, 1981 (Reference 4._ ), we observed
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that the spacing of the horizontal stirrups which on the design drawing was
16" apartm on the detailed shop drawirg/\:;%:“a%gr?.” The total
amount of the reinforcing steel remained unchanged in spite of the change

in spacing. Thé design drawing had not been updated to reflect the change
in spacing. The reinforcing steel rema$;égsignated in the design drawing as
2x4-#6 @ 16", We found that this is a violation of Administrative Procedure
#29, "Document Control - Foreign Print System" Section 8.6.2, Rev. 7, dated
April 12, 1983 (Reference 4.__). In all of the drawings reviewed this ‘s
the only case where & discrepancy between the design and shop drawing e;:sik
he-fOund.' This was noted as a finding, but had no generic implications and
was Judgeéﬁgﬁe;solatéd instance of lack of censistency and:;aintain up to

date documents (Finding 4-21).

A review was made of the nonconformances issued against two of the shops within
the Bethlehem organization which provided some of the fabricated material to
the Seabrook facility. NCR's for the Albany Shop for 1982 were examined.

Four separate reperts had been issued, three of which related to incorrect
bends which resulted in scrapping the material and rebending from new bar stock
and the fourth being an incorrectly recorded heat number which was corrected.
NCR's for the Stee’ton Shop for 1983 were examined. Eleven separate reports
had been issued. O0f these eleven, five involved bending errors, three involved
cutting tolerances, and one each involved a detailing error, mislabeling and
missing bars from a bundle. Based on the size of bar and the tonnage of rein-
forcing steel invclved the team judged the number of non-conformances to be low.
In all cases corrective action was taken before any of the non-conforming items

had been incorporated into any safety-related structures.
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Based on the review completed and the work cbserved the team concluded that

the licensee's design commitments had been clearly transmitted to Bethlehem

via the specification and the engine *ring drawings and details. Letter and
meeting communications also served as an important part of the total process

of providing design interfacing and design input. Bethlehem was viewed to have
in-place a good quality system with appropriate quality standards and procedures.
The team's sample review indicated that Bethlehem had also execyted these pro-
cedures well., A system for the review of shop and placing drawings existed

as was being effectively implemented in accordance with the Quality Assurance
Precedures Manual. A fully adequate system to document and control the

reccrds and design changes, thus assuring that all the latest updated input

data was being usec for the development of shcp and placement drawing exists.

The Drawing Record Card, the Transmittal Control Form Letter and the Order

Entry Record Card have been the keys to good document and recocrds control.

Based cn the team's cbservaticns it is evident that the Bethlehem audit system
has been effective in identifying seme random errors and assuring that corrective

action has been taken.

As a result of the team's review and observations of the work of Bethlehem
Steel Courpuration on the Seabrook project it is the conclusion of the team
that the necessary elements of design control have been in existence during
the detailing and fabricating of the reinforcing ste§1 for the plant structures.
Additionally, we have concluded that these controls have been adequately imple-

mented .5e-as—toassure—eafe—Struciures.
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4.8 As Built Conditions and Surveys

The objective of this portion of the inspection was to ascertain:

(1) How the changes generated in as-built conditions such as structures,
systems and component are processed by the UEAC and the contractors.

(2) How the final loads resulting from location of pipe supports, electrical
cable trays and ventilating systems, including those not specifically

considered in the original ‘design, are verified.

(3) How the drawings and identified supporting documents are updated, main-
tained and certified, so that the completed work reflects the as-built

conditions of the plant for future reference.

The team first reviewed the procedures which were in-place to control this
area of plant design and construction. Among the documents which control
as-built conditions of structures, systems and components we reviewed those

Procedure No. 39, "As-Built Documents", issued on November 17,/1980 (Reference

4, ), Administrative Procedure No. 15, "Changes to Engineering
Authorization", {ssued on September 8, 1977, Revision with numerous later

revisions (Reference 1.__)JTochn1u1 Procedure No. 11 (TP-11), "Minimum

As-Built Record Drawing Listing, issued on April 29, 1983 (Reference 4.__ ),
“"Field Administration Construction Procoduu,’(FACPg No. 10, "Procedure for |

Field Calculations", issued on March 11, 1983 (Reference 4. )| and FAEP

-

which seem to be the most essential in the process. Those aro:/‘Aamistntivo
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NUT‘Q; Project Instruction for Handling UE&C/Contractor Nonconformanc;—:;zz::)

or Deficiency Reports", Rev. B, dated July 22, 1983,|(Reference 4. R

Currently Aduinistrative Procedure No. 15 has 18 revisions since the original
issue, the latest being dated August 17, 1983. It describes how questions
and changes to design documents, deemed critical to support on-going field
activities, are initiated, processed and resolved. It provides the criteria
which the proposed changes must meet in order to be approved, the flow charts
which describe the soqucnc§ by which various site questions are processed and
the forms which should accompany questions raisec by the contractor. The
questions may require an oral response, the response for information response
(RFI) or may require an engineering change authorization (ECA), depending on
complexity of the problem. The classification regarding oral communication,
RFI's and ECA's can be described using the following guidelines:
only .

(1) If the questionjrequires an explanation or clarification, the oral response

is sufficient.

CRET)
(2) Request for 1nforl|t1onkjs prepared when an oral response is not sufficient

have

and design documents are not affected which mightabee,issued by UElC('sitc
&

or Home Mflco}or drawings issued by the manufacturerer veador,

(3) When the question/response requires changes (or exceptions) to engineering
documents, such as drawings, specifications, or calculations, the contactor
submits a proposed ECA.
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The ECA's are subdivided further as follows:

(a) On-The-Spot ECA's which may be used to resolve all the items except
those involving generic problems and those requiring YAEC approval.

Any Minor ECA (see below) may be issued On-The-Spot.

(b) Minor ECA's which are of repetitive in nature, e.g., involving
movement and arrangement of sister splices in congested area to clear
interferences of reinforced steel, modification of approved formwork
or substitution of higher strength bolts than the design requirements,
that have been reviewed and concurred with the Home Office Engineering,

YAEC and QA as being appropriate for release.

(c) Major ECA's are those which are not classified as minor and in turn

they are subdivided into two categories:
1. Major specific case ECA's
2. Major generic case ECA's,

ECA's and RFI's may be revised or voided by modifying andvraissuing the ECA/RFI

form or, in certain circumstances, by the use of the Continuation Sheet. On ’-‘)
the Con’.inuation Sheet the affected thstim( on the ECA/RFI Z
frim, of-all the documents—that- must be revised or from which an exception is :

taken as a result of an ECA issue must be provided.
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One of the important differences between the RFI's and ECA's is that the RFI's
must not include Affected Documents while the ECA's must include them. Thus
when an RFI becomes an ECA (when it has been decided that the change requires
change of engineering documents) a new ECA/RFI form is issued together with a

Continuation Sheet on which 2all of the Affected Documents must be listed.

Interdisciplinary coordination of all disciplines involved in the ECA is assured
by the requirement that all disciplines that are responsible for the documents

listed under Affected Documents must review the ECA.

The AP-15 is used together with the AP-39, "As-Built Documents". AP-39 identi-
fies the drawings and other supporting documents to be updated, maintained and
certified that the completed work reflects the as-built conditions of the plant.
This assures that the documents can be effectively used for engineering
reference in the future for various reasons such as future plant operations,
start-up testing, maintenance or modifications. The procedure confains a
listing of UE&C documents to be revised to reflect as-built conditions as
received from the Construction and Start-up departments. Its Attachment

No. 2 provides detailed information in that respect and it addresses inspection
elements, incluuing piping configuration, location of supports, as-built

UEAC construction druwings and as-built tolerances. The procedure provides
very detailed and coplete information regarding the type of documents which
must be revised to reflect tho*AsjBuilt condition. Included in that category
are vendor documents which must be revised to reflect the "as shipped"
condition of the item. In case of a modification in the field the drawing.
must state what is "field modified" and provide the reference to the foreign

/17/5¢
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print which shows the "as shipped" condition. Any changes should be processed
in accordance with AP-15.

\

AP-39 also provides directions to the UE&C design groups such as the
V} Mechanical Analysis Group (MAG) and the Pipe Support Group (PSG) to perform

" o
p"'\ i o he final configuration verification analysis documentation for pipe stress

‘J
‘\’:JJW analysis for ASME Safety Class 1, 2, 3 and B31.1 Critical Piping and NNS-1
« &

\

N’

) Pipe Supports. The data which should be verified are such as the as-built
stiffnesses of supports and restraints, attachment points of supports of
supports or restraints to the structure, including ARS verification, etc.
As-built documents are processed through the Field Office Document Control
Center (Field DCC) as shown in Figure 4.8-1. Each contractor has the
responsibility to provide the As-built documents. Piping and Pipe Support
As-builts are handled through UEAC Power Engineering. The Field DCC records
the approximate information and processes it further to the Home Office
Document Control Center as shown on the chart. We have been informed that the
AP-39 is under review and the future revision, No. 5, is expected to be issued
by the end of February, 1984, 7Re rezsonsor e chonges st net
pursved by rhe feap.

m in Attachment No. 3, contains the types of conditions or changes
which do not require as-built information and 1ncorpont16n into UE&C drawings.
In this category, we found the reinforcing steel changes. m% inquired
why an important item like reinforcing steel is not required to be recorded

to reflect as-built conditions and we m informed that this item applies
to the cases when the amount of steel is the same as stated on the design |

drawings but for some reason, usually because of local 1nt¢rfennce§.son of
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the reinforcing bars have been moved to one side or the other. We expressed

our opinion that the listing does not restrict the discrepancy between the design

and as-built conditions in any way and such a deviation could consist of

providing reinforcing bars of smaller cr?::::e:;zggéluzsfa; ::1ss1:?'o;+ jomp ok *Lccﬁar
reinforcement in some area altogeﬁter or etherwise, We did not received a

satisfactory explanation regarding this matter and we consider this a serious
shortcoming of the procedure. We do agree that there are many field situations

where a change in placing of reinforcing bars may be tolerated and even some-

times necessary. We believe, however, that the procedure should qualify

this statement to avoid gross deviations from the design requirements which

could result in an inferior or inadequate structure.

The details of processing as-built documentation identified in AP-39 are
described in the Technical Procedure No. 11 (TP-11), "Minimum As-Built Record
Drawing Listing”. This procedure was issued on April 29, 1983 and T A
revised. It is referenced as Appendix No. 4 in the AP-39 and its phrpose is
to interpret the technical requirements of AP-39 and to establish “detailed
identification of the specific UE&C Construction Drawings and UE&C approved
Foreign Prints which shall be *As-Builtf by the appropriate Seabrosk ¥ield
QOrganizatioﬁ: Additionally, the purpose of TP-11 is to organize the drawing
listing on a Work Package concept to allow effective engineering verification
against the design basis condition and subsequent incorporation of the "As-
built data into the design drawings. The procedure identifies six disciplines

and in each of them there are two individuals named as the coordinators:

one in the field and one in the home office.
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Several organizational entities are involved in these programs at UEAC. The
beam verification program, which involves a complete check of the structural
steel, Site Engineering located at the Seabrook site is responsible to respond
to certain ECA's, RFI's and Nonconformance Reports (NCR's). If Site Engineering
does not have a proposed solution to offer, the responsibility for resolution of

the item is then with Site Support Engineering at the Philadelphia UE&C offices.

In some instances the Structural Group in the home office may become involved.
, YAEC also participates in resolution of these items when there is a potential

for a major impact upon the project or they were responsible for the original

i W review on the items or activities involved.
1
< .

o (1) Structural Steel Program .

The procedures for this program are described in "Guidelines for Beam Veri-
fication", dated September 19, 1983 (Reference 4. ). The beam verification

program was established in order to ensure that all the structural steel beams

™
:ﬂqf . ,are designed for all the imposed loads. The treatment of live load is in con-
Ty
iy
)

)l

o formance with S0-66 (Reference 1.3), Table 4.2-1. Note 1, to Table 4.2-1 states
¢
v

’h‘

-~

-

that uniformly distributed live load shall not be considered with seismic load
conditions except those loads which are marked permanent are included in the

calculations.

The design of the structural steel beams for the Tank Farm Area as provided in

Calculation No. WB-61 (Reference 4.34) was based upon using the uniform snow

load which is considered a permanent 1ive load. In this case the procedur§ in
ftfi;~x which temporary uniform live loads are replaced by actual loadings was not

Lo

4/17 /¢
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The beam verification program is subd4¥4ded-4nz0ﬁ§wo methods; namely, computer

and manual calculations. The computer calculations are performed using the
STRUDL computer program. The beam to column connections generally are shear
type connections which are made by angles welded to the beams web and field
bolted to the column or girder. Horizontal forces are taker by means of bracing
thus eliminating the need for beam moment connections. The beam to column
connections are; therefore, modeled as hinges.
The loadings used are:
(1) dead load (steel and general dead load)
(2) permanent live load (for seismic inertial loads one-half of the snow

mass is used) '

(3) seismic amplification

(4) pipe support loads and for piping of 4 inch diameter and larger
(5) uniform loads for'pining of less than 4 inch diameter

(6) cable tray and bus direct loads conduct loads
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The Structural Analysis Group (SAG) has produced Ampiified Response Spectra
(ARS's) for various elevations of the building. Vertical ARS's were developed
which accounted for the vertical response of steel beams. These ARS's are used
in order to qualify equipment which may be located on the interior locations.
SAG has alsc directed that the ARS's be used in the design of the steel beams.

The vertical accelerations are obtained from ARS's. One ARS will determine

the acceleration at the support while the other will be used to find the

acceleration at mid-span. These vertical acceleration values are developed

from the appropriate vertical ARS's by selecting the 50 Hz frequency response
- for the 4% and 7% equipment damping response curves, for the OBE and SSE,

respectively.

The horizontal acceleration values used for beam design are taken from the
33 Hz frequency response for the 4% and 7% equipment damping response curves
for OBE and SSE. From these values, a uniform seismic acceleration is established

\\\-f?r design.
Because the bottom flange of structural steel is used for the attachment of pipe
supports, horizontal loads applied normal to the beam axis can cause torsion in
the steel beam. UE&C's procedure calls for checking whether the supported slab
remains in contact with the top flange of the steel beam. If the beam were to
deflect more than the slab, no cap.lility of transferring torsion to the slab

could be assumed.
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The Tank Farm _tructural steel has not been addressed by the beam verification
program as yet. The team would recommend that this be done subsequent to any

reanalysis for the seismic loads as described in Section 4.2 and addressed in
Finding 4,17 ).

(2) Reinforced Concrete

No specific overall program currently exists 6& assess the final loads resulting
on concrete structures which would encompass pipe supports, equipment, cable
trays, and other systems.

Under AP-39 certified As-Built rebar drawings are not required. The footnote
in the Attachment 2 of AP-39 states that contractor drawings wil: be site
foreign Ermte mrked for information and turned over to Home Office
Engineering and/_pwnef. The method of monitoring and recording of rebars cut
or damaged is described in the Administrative Procedure No. 38, "Cu'tting

Reinforcing Steel in Permanent Concrete Structure", issued September 5, 1980,
“4’ — ) ®

(e
revised on July 31, 1981,\0ur inquiries why the drawings affected by the

damaged reinforcing bars are not recorded by the DCC in the field or the
As described /fofer, /¥ was Foune/
Home Office did not produce satisfactory results. AAP -38 establishes’ N e 5?7457»7-

CEF:ﬂ ’'S sy
responsibilities of organizations for approval of cutting reinforcing steel /,,ﬂ

/o:vj 7 O/n

during drilling into permanent plant concrete structuras.

w
Procedures for curring reinforcing bars can be divided in two categories:
A
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(a) When Reserve Capacity Forms (the forms which list reinforcing baasAas

required by -alculations, those supp:ied on drawings and the reserve

excess of the bars) are available for a given location, and
(b) When such forms are not available.

When a Reservizi Capacity Form for a given area is not available, the approval

of all reinforcing steel bar cutting must be reviewed-gxah the ;é;;¥:E;;§ﬁ:;:$ag-
(Home—Bfficey of UEAC. They check the design calculations to determine if

there is an adequate margin avatlable to permit the proposed reinforcing bar
cutting. If it is permissible, approval of such a cutting is documented by
engineering change notice (ECA) or nonconformance report (NCR). When a Reserve
Capacity Form for a given location is available, the Resident Construction
Engineering Group assumes the responsibility for approving cutting of reinforcing
steel based on the information contained in the Reserve Capacity Form. AP-38
states, in Section 3.1, that when the Resident Construction Engineering Group
approves reinforcing steel cutting, these approvals are documented on the Site
Approved Change (SAC). We learned that the SAC forms have been since discon-

74is ted 75 2n since
tinued.and—thenﬁore—*‘;;:en'r’a‘iion Mmﬁn

Revision 1 of AP-38, dated July 31, 198ly Azs /707 been u,w’a/a/( Observatron

4-2).
e Lorns
We have been informed by the UE&AC staff that since the time when,§Aq4has—been- wos

discontinued changes resulting from cutting of reinforcing steel have been

A
treated as ECP's.
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We reviewed the "Project Reference Manual" (TP-23) Supplemental Information

for Design Change Prograéﬁfzﬁtrﬁrfz;::;—%ovember 28, 1983 (date of Rev. 0

not listed) which contains a 1ist of Minor Change List (Section X). Since

the 1ist does not include reinforcing steel cutting, we concluded and concurred
with the UE&C staff that these changes must be treated as major ECA's. This
classification reinforces our beliei; that Attachment No. 3 to AP-39 (listing
of types of conditions or changes which do not require as-built information)
should eliminate item 1, "Reinforcing Steel Changes" since such changes might

result from cutting of steel rebars.

In our inspection we selected few specific cases as the examples by which one
could verify how the process of handling the as-built worE: In one case,
*supplied Material Deficiency Report (SMDR) #357,was fi;:; By-;;:_Zontractor
reporting that a structural steel beam has a tear in toe of flange. The case
was processed by the field office and found acceptable. It should be mentioned
that according to Rev. 3 of the FACP-1, dated October 4, 1982, proéessing of
the SMDR would have been using the same procedure as for the Nonconformance
Repcrt (NCR) and Deficiency Reports (DR). The case discussed here was dated
June 4, 1982 and the Revision 2 of the FACP 1 did not require concurrence of
the Home Office. The other case, NCR #2584, uas‘:::;erniné)concrete cover
over the reinforcing bars.(gifg being too large, §pl! being too small.

Similarly to case-ofthe SMDR l357 it was resoclved in the field. In both

cases an unofficial concurrence of tﬁ: Houz)Pffice was obtained. The third
CE F o
case examined was RFI #593027A dated June 2, 1982 concerning discrep
Canonill & vy sppromn S en .
between UEAC Dwg. 540174843nd Cives Dwg. F§;5407 -13 Sheet E-58 anFI/\SG e al

Another question on the same RFI was concerning discrepancy between UEAC
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_ Geference #—) (Rderence #—)
Dwg. 5301750,@nd Cives Dwg FP-15407-13,at El. 63g}6'. In this case the

disposition was provided by the Field Office.

(Reberence 4. )
The last case of as-builts reviewed was ECA 4582809, dated—ApriT—28;-1982,

concerning vertical bars in line 2.3 walil which caused a bar conjestion.

As required by AP-15, the ECA/RFI Form listed the affected document and

Home Office concurrence was marked "accepted”.

The program which UE&C has embarked upon in order to analyze and control as-
built conditions has a Tot of good features. The controls documentation,
distribution of responsibilities appear to be effective and practical. It
is regretable that this program was enacted so late i~ the development of
the plant. We are aware that in the early stages of construction of the
plant the control of the as-built conditions was not sa good as could be
desired. It is admitted by the UE& 2::::1:25_:idrel1. In the memorandum
dated September 6, 1983, MM-IAS?SAA)there is a statement "It is recognized
that there are a good number of historic ECAs which, based on the judgment
of the engineer at the time, were issued for which there may be no calculations."
The project has defined a program to address these historic ECAs and develop
calculations for them as necessary"... We thinﬁthat this is a worthy effort
which when completed will contribute to improve confidence in the level of
quality control of the plant.
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To continue to review the process for controlling as-built conditions in

reinforced concrete the team selected four Engineering Change Authorizations

(ECA's) dealing with coring and cutting of reinforcing steel. A series of four

ECA's were selected in the Diesel Generator Building for review.

(Ceterence +—)

(1) ECA 02/0772D,was initiated on (date initiated missing) by the UEAC Area

(2)

Superintendent. The problem was defined to be an interference of service
air Tines as installed with the fire wall partitions. The solution was
issued November 2, 1982 and included cutting, capping and grouting the
existing penetration in the floor at the 51'12" level, core boring two
2" diameter holes, relcrating the air lines, air connectors and valves,
deleting pipe supports and grouting the lines into cored holes. The affected
documents were listed and the backup reference which permitted the cutting
of reinforcing was provided. In addition, the requirements for recording
and reporting the as-built condition were also provided.. This ECA had
been properly reviewed by the Site Review Group and then by the home
office where final concurrence was made on May 18, 1983. The field
personnel reported the work completed on November 16, 1982 and provided
sketches and details of the cutting and the necessary engineering data.
One core bore cut no reinforcing and the other cut one #6 bar.

(okerence 41-—-%)
ECA 06/16708B pas initiated September 12, 1983 as an On-The-Spot ECA by
the Project Manager for GFPS. The core drilling was defined as being
required in stair walls C&D to allow for installation of new redundant
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fire protection system lines. The request was made for (2)-6 inch diameter
cores to be cut through a wall section around the stair-well near Elevation
26'. Approval was given on October 18, 1983 after telephone concurrence
with UEAC's home office and the completion of the actions by the Site Review
Group on October 17, 1983. It was further stipulated that one piece of
reinforcing steel could be cut each way at each face for each core location.
In addition, sheets and instructions were provided so that the as-built
work would be accomplished in accordance with AP-39 and specific
information on actual cuts information would be forwarded to engineering.
The completed forms with the as-built information were completed on
September 30, 1983 and received by UE&C Site Engineering on October 3,
1983, showed more reinforcing steel cut than allowed. A1l other aspects
of the appropriate procedures had been followed based on the team's
review of the information.

(eference % —)
ECA 59/4010Aﬁyas initiated December 9, 1982 by an engineer from Perini
Power. This requested authorization to cut rebar in order to install
a Hilti bolt for a surface mounted plate on a floor at Elevation 513'
due to the relocation of the bolt to clear the reinforcing would violate
the centerline of bolt to an adjacent embedded plate distance criteria.
Permission was granted at the site on December 17, 1982 and home office
concurrence was made on February 1, 1983. This allowed cutting of one
piece of reinforcing each way, top and bottom and required submittal of
data via an attached form after the installation had been completed.
The as-built information was submitted by Perini on May 20, 1983 indicating
that 1-#7 bar was actually cut. A sketch was provided to establish the
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exact location of the cut, identify the affected UE&C drawing and
Bethlehem drawing as well as the bar type. No deficiencies were noted

by the team.

(%) ECA 73/4572C was initiated December-3, 1982 by a field engineer from
Pullnan-Higgins.::E;quested permission to cut reinforcing steel in an
area near a blockout through a reinforced concrete wall due to the fact
that numerous attempts to locate Hilti bolts among the congested rein-
forcing had resulted in several abandoned holes. A relocation of the
plate for which the Hilti bolts were to anchor required a redesign of
the support which was to be welded to the surface mounted plate. The
change was completed, reviewed and finally approved on March 23, 1983.
The home office engineering concurrence was completed on June 27, 1983.
Again the field information as a result of the relocation and possible
reinforcing steel cutting was requested for review via the coring/cut
reinforcing sheets. The information was provided to Site Engiheering on
January 14, 1983 showing the necessary information and indicating that
1-#11 and 1-#8 reinforcing stc»!:Fra been cut in the drilling process.

The team found no discrepanc.es in the information.

After completion of the review of the information contained in the records
related to these ECA's, the team went into the field to verify all information
that could be checked given the current completion status in each of the

areas. Of particular concern was the information contained in ECA 0§46708
which indicated more rtinforcing than permitted had been cut .and-The r'solut1on

oJ’eJ )‘060
of this was,{nportant in judg#ngAphe actions on the part of UEAC in response
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to the data. All locations associated with these ECA's were reviewed in detail,
checking dimensions and where possible the insite cut surface if a core were
involved except for ECA SQ‘OIOA for which the drilled anchor bolt was sandwiched

between panels of fire stop walls at the floor line.

A1l as-built information which had been sent back to the UE&C Civil/Mechanical
Services Engineering Group was field checked and found to be correct. The

team then followed up to determine that the information provided was being
systematically recorded and utilized. During this field review questions

arose on the status of, and apparent incorrect fabrication of support
9276-12G-38 which was associated with ECA 7;‘572C. After a review of field
records and discussions it was found the support was on“ﬂold"and the support
was known to be incomplete. The 1ncom1ngﬁgat;‘ roé the as-built sheets were
being logged and then transferred onto reproducibles created from the Bethlehem
shop drawings for reinforcing steel so that a permanent, consolidated record

of cut reinforcing is being developed. A review of the information relative

to the team's concrrn about additional cut reinforcing resulted in establishing
that the cutting permission had not been cxccedod.fn—thtt-{ic detailed shop
drawings incdicaced the coring was done in a splice zone and that the pairs of
cut reinforcing seen in the as-built data represented actually one bar, but
since the cut was in the spl{i zone, both legs had been cut. Similarly, from
the d-.ailed sd? drawings and information submitted in ECA 73/4572C it was
clear that several of the cuts were the ends of supplementary diagonal reinforcing
at the corners of the wall blockout for air ducts. The information gathered

in this program can be utilized to compare against known margins of reinfofcing
steel. Where the margins are not sufficient, the procedures require added

analysis.
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Based on the team's review of the control of cut reinforcing, it was determined
that this activity is wel!l controlled by procedures and the appropriate inter-
faces have been established and function checks : "ainst knowr margins to
verify that the original design has not been compro: ised are made and the
necessary documentation has been provided. The Technical Assistance Group
under the Lead Civil Engineer of Site Engineering was determined to be
executing this operation in a very well controlled manner. No findings

were identified.

e
/ ‘ ﬂ"‘g o-”’l
8 (el O"
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4.9 Conclusions

4/
ﬂp‘;"’ 'UESC has provided technical guidelines and procedures to be followed in the

‘o . J
U_.y" & \Subrook Project. Extensive programs have been put into force in order to

M:“fi Qnsun that the latest and most accurate information is used in the design
5';9 £ )’Sf structural members. Great efforts have been made in order to obtain

Jb’q;r - refinements in the vertical ampliciation of beams for the design of the beams

'

N &f"

themselves as well as seismic qualification of equipment located away from
the walls and columns. This refinement results in greater vertical accelera-

tions than would be the case if ‘the beams were assumed to be rigid.

However, UEAC did not account for horizontal torsional effects in the dcvolop- e
Teprmsenter  +he ‘b? nol e=ee

ment of ARS. In the case of the PAB, the indications were that 10% fog\lo ons

at the extreme periphery. Normal practice for UE&C was development of the

ARS/aSE the mass center. If the torsional effect is only around 10%, the team

is of the opinfon that it can be neglected.

Since the team recommends that the Tank Farm dynamic analysis be redone, the
team would recommend that additional attention be paid to torsional effects

inasmuch as the Tank Farm has little structural symmetry.

Organizationally, the SAG appears to be quite remote from the Seabrook Project,
and operates in a passive mode. In other words, SAG will be responsible to
respond to requests from the project but not to take inftiative on changes in
the structural design which may develop. There should be some mechanism whereby

the SAG will have an opportunity of making an assessment concerning as-bufilt
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conditions rather than leaving these assessments entirely to the project.

In the case of the Tank Farm, the design of the bracing took place five years
ago and the fill concrete under the RWST and SAT was released for construction
about four years ago. Up until the time of the IDI these changes which have a
direct influence on the dynamic analysis were not acted upon and were unknown
to SAG.

SAG also does not appear to be subject to the technical audits required by
erevee
GEDP-0025 (Ref, 1.52). The team recommends that SAG also be subject to

technical review. Th's could 0@ comp'r @l by techmical personne!
e ad net o vhe cr.‘jzna{ wor'L. v

From the work observed, it appears that UEAC is conscientious and business]ike
in the design of safety related structures and has established procedures,
guidelines and organization to meet the requirements of NRC. While many of
the programs have not been completed and some analyses and designs must be
revised, there is no reasons to believe that the as built structures will be
found to be inadequate in 1ight of the exhaustive design efforts currently
underway and planned for the immediate future.



Document Name:
SECTION 4.9 - SEABROOK IDI

Requestor's I0:
EILEEN

Author's Name:
R. Shewmaker

Document Comments:
Conclusions

/2o d



4G-1 v/ fon

4.9 Conclusions

The scope and the depth of the inspection was sufficient to reach certain
conclusions regarding the design and engineering aspects of the civil-structural
discipline and the related safety features of the Soabrook‘blant. Based on

the facts4<fizfifész)gg!1%§sg correspondence and other information acquired
during this 1nsp¢cti%ﬂﬁéﬁf oncluded that design and construction of the safety
related fcntgruf pcrpt::nteto the civil-structural artij&ﬁcorporatlégzzign
sabioh il seEuP

control process te-provide adequate safety to the public. Our inspection
encumpassed both the technical design and the procedural aspects of the
organizations involved in the development of the plant in order to have a

broad perspective of all elements of the design and interdisciplinary coordina-

tion effort.

As a result of the inspection we identified twenty-one findings and ob-
servations. A1l of our findings have been discussed with the staff of the.

L~ hos becr Token
\EEEE>and we have been informed that the appropriate action,to ascertain that

there will be no.AZKIESZiiﬁﬁig;ﬁacn might result in unacceptable margins of
safety, has-been-takes. Finding No. ____ which appears to reflect on the
across the board applied approach to application of l1ive load in combination
with other loads may require further investigation to assure that the
structural members have load resisting capability in accordance with the

approved regulatory requirements.

There are certain conclusions which appear to be quite obvious as a result of

‘e inspection. In our opinion, interdisciplinary coordination of the design
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effort suffers from the excessive systematization in terms of procedures and E
- \:\
manuals. There is an evidenee effort to document every phase of design, °\:;'
A -
construction, procurement and verification. This is very plausible and has &
its merits. The system of traceability, however, is handicapped by such a \':t_
number of various steps and is so fragmented that it requires a monumental ? |
task to synchronize it in order to produce practical results. This is i b
-
augmented by continuous revisions of various documents which in turn \&\c
necessitates updating of all relevant rocedures so that proper cross- referencmg'g W
s :;‘/Pq Cerntomme, nq_, »gfmm (pncfe’? 5‘9‘ucﬁ#fr Acrm, nie Frefve

would be effective. An example of the above M&eemn-ar}-—ﬂw—b
datedJuly 31,1961, which refers tb,,gite Approved Change {SAC) which has

been discontinued (see Observation 4, ).

LE&C has provided technical guidelines ana procedures to be folloued% the
Seabrook Project. Extensive programs have been put into force in order to
ensure that the latest and most accurate informaticn is used in the design
of structural members. Great efforts have been made in order to obtain
refinements in the vertical amplféation of beams for the design of the beams
themselves as well as seismic qualification of equipment located away from
the walls and columns. This refinement results in greater vertical accelera-

tions than would be the case if the beams were assumed to be rigid.

However, (UEAC did not account for horizontal torsional effects in the develop-
e cme/ Loy respronge ’?ec" P mPry Foxd bor/d
ment of,ARS. In the case of the ﬂa{ the indications were that 10% ?b( repre-
for
sented the torsional effect/roaﬂons at the extreme periphery. Normal practice
for @ was development of the@at the mass center. If the torsional effect

is only around 10%, the team is of the opinion that it can be neglected.
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Since the team recommends that the Tank Farm 'gycm:u analysis be redone, the
team would recomnend that additional attention be paid to torsional effects

inasmuch as thckank ‘Fam has little structural symmetry.

Another observation is the apparent compartmentalization of the organization.

We realize that the complexity and magnitude of the project necessitates
multi-directional effort, but there must be a definite gravitation toward an
overview of the entire operation 1n order to achieve a practical efficiency.

An example of this conclusion w—be the case of misuse of the amplified response
spectra for the annularJ?feel frm 'ZM&MM%W
As we pointed out previously, establish‘m of the position of coordination of

seismic design improved this situation.

Organizationally, the SZ(G appears to be quite remote from the Seabrook Project,
and operates in a passive mode. In other words,@a will be responsible to
respond to requests from the project but not to take initiative on 'changes in

the structura! design which may develop.

The program of as-builts and the final load verification, which we reviewed,
appears to be effective and provides adequate design controls. As it has

rAe - ﬂ-b/'//
been pointed out in AM—nport. tm,]program should be extended
to incorporate the engineering change authorizations which have been issued
prior to the commencement of the program. There should be some mechanism
whereby the@uﬂl have an opportunity of making an assessment concerning

as-built conditions rather than leaving these assessments entirely to the

{
project. In the case of theTank #mn. the design of the bracing took place
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refieing watersrage “mé
five years ago and the fill concrete ndgl tho TNS* and-SA*V‘ms rtlcased for

b k/"’/e "le
construction about four years ago. Up until the timc offthe Abt these changes

"~ s, ecton
which have a direct influence on the dynamic analysis were not acted upon and

were unknown to SﬁG;
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SAG gps not appear to be subject to the technical audits required by, “Brzemes’
ad' CAs plne —7,4ea~s ‘Cenera/ & ’ Clri e e
’(GEDP ig(kc ‘ﬁcﬁ 452} recommends that@ also be subject to

technical review. This could be completed by technical personnel who did not

do the original work.

From the work observed, it appears that(ggég‘is conscientious and businesslike
in the design of safety related structures and has established procedures,
guidelines and organization to meet the requirements of NRC. While many of
the programs have not been completed and some analyses and designs must be
revised, there is no reasons to believe that the as built structures will be
found to be inadequate in light of the exhaustive design efforts currently

underway and planned for the immediate future.

In final summary, it is our opininn, that there is sufficient evidence that
in civil-structural area the design controls are effective to the extent that
they provide a reasonable assu ance that the safety related structures will
have their expected load resisting capability and will perform their design

function without undue risk to public safety.
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7.4.2 Personnel Interviewed

Nare

Tom M. Cizauskas

Henry E. Wingate

Jerome J, Wojcik

Robert Tucker

Donala E. Johnson

Walter I, Perterson
R. E. Guillette
Janet Allen

M. H, Ossing

K. M. Kalawadia

D. E. Garrigan

V. D. Patel

J. K. Cravens

Title Organization

Mechanical Lead Enginee YAEC - Seabrouk Project
(for Civil/Structural Meeionics,” Grmus

Mechanical Engineor1nqz

Engineering Department  —==s

Assistant Project Manager, YAEC

Seabrook Project
Construction Department

Structural Engineer, YAEC
Mechanical Group,
Engineering Department

Seabrook Project

Lead Mechanical Engineer YAEC

Seabrook Project

Mechanical Group,
Engineering Department

Structural Engineer YAEC
Mechanical Group
Engineering Department

Seabrook Project

Supervisor, Engineering/QA YAEC - QA Department
Audits
Supervisor, Coastruction YAEC - QA Department
Quality Assurance Engineering
QA Technician YAEC - QA Department
Staff Engineer for Assistant YAEC - Seabrook Project
Project Engineer of
Construction
:@ Supervising UEAC - Seabrook Project
_Discipline Engineer-g4 Struchural
Manager, Project QA for UEAC - Relfability
Seabrook and QA Department
General Design Supervisor U - Seabrook Pro
 oinaig e SthzEr 2
S e ” W
Manager UEAC - Seabrook Project

Engineering Project Controis
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J.AConnclly
h. P. Sivertsen

J:filackman

(-0
E. Skdnick

L&' S, Nascigmento

Anil T. Shah

0. K. Ghosh

M
Parcg,Dcttc

2
John Mott

Om P, Kalani
M.
RichardAToland
[
Noshir Karanjia
K.
D1p¢kﬁpajuudor
Branko Galunic

Z.ﬁ61szowsk1

M. K. Sanghavi

74 2-2

Title
Supervisor

Leader/Liaison SCAT Team
Cognizant Engineer

Assistant Manager, MAG
Lead Engineer, EQ/COMP
Qualification

Chief Structural Engineer

Cognizant Engineer
Cognizant Engineer
Design Supervisor,
Engineer II

Design Engineer

Marnzeer
Struéturcl Supervising
Engineer

Manager

Seismic Consultant
Lead Engineer

Engineer |

Mechanical Supervising

Disciplinggngineer
‘
Lead Pipe Support Engineer

/277

nization

UEAC - Seabrook Project
Calculation Control
Center (1 of 5)

UEAC - Seabrook Project
Beam Verification
Program and SCAT Team

UEAC - Power Department,
Mechanical Analysis Group

UESC - Power Department,
Mecahnical Analysis Group

UEAC - Power Division

UEAC - Seabrook Project
Structural, Major Cat [

UESC - Seabrook Project
Structural, Containment

UESC - Seabrook Project
Structural

UEAC - Seabrook Project
Structural

UEAC - Seabrook Project
Meneger, Pipe Support

Group

UEAC - Structura)l Department

Structural Analysis Group

UEAC - Structural Department

Structural Analysis Group

UEAC - Structural Department

Structural Analysis Group

UESC - Structural Department

Structural Analysis Group

UEAC - Mechanica)
Analysis Group

UEAC - Seabrook Project
Pipe Support Group
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Girish Hatwa)

-

Amar Dalawari
Thomas F. Clouser

J Alberto Rios
Al W, Cole

R€-Livingston

P
el

Bob Bossharat
D. Melitz

&. 8.

8ud Christina

Dexter Olsson

Michael Bedics
Clarence Redman

Dennis Reid

Denny Vassa

p 2
N. Desat

~

fa
)

'
W

Title

Structural Engineer

Engineer [I
Design Supervisor

Engineer 11!

Project Administrator
Administrator
Administrator [II,

Lead, Records Control Group

Supervising Structural
Engineer

Administrator

Senior Metallurgical Engineer
Corporate QA Manager

Supervisor, Oullig; Assuranco
Reinforcing Bars, P11
Construction Spocialty 10:
Contract Admiristrator
Reinforcing Bars, P114
Construction Specialty Sales

Chief Detailer - Engineering
Detatler - Engineering

Engineer | - Structural
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rgani ion

UEAC - Seabrook Project
Structural

UEAC - Seabrook Project
Pipe Supports
Ouct Supports

UEAC - Seabrook Project
Pipe Supports
HVAC Supports

UEAC - Seabrook Project
1&C

UEAC - Seabrook Project
Project Controls

UELC - Document Control
Center - Seabrook Project

UE&C - Document Control
Center - Seabrook Project

UEAC - Document Control
Center, Seabrook Project

uttc - Scabrook Project

g i e on L

loth\chom Stee)
Corporation

Bethlehem Steel
Corporation

Bethlehem Steel
Corporation

Bethlehem Steel
Corporation

Bethlehem Stee)
Corporation

UEAC -~ Field Change
Completion Group
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C. E. Morales

R, P. Kostan
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John Alle
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Robert Shappell
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Title

Cognizant Engineer for
Program Guidelines
Engineering Manager

Lead Engineer - Civil/
Structural

Designer

Draftsman

Lead Field Engineer

Lead Engineer

Seismic Analyst
Structural Engineer
Field Engineer - Civil/

Structural

Civil/Structural Engineer

&

re/enks

Q:g!niilsign

VESC - Beam Verifica-
tion Program

UEAC - Field Systems
Group,STEE Engneer g~

UEAC - Civil/Mechanical
Services

o Engineering

UEAC - Technical Assis-
tance Group
Civil/Structural Engrg.
Civil/Mech. Services
Site Engineering

UEAC - Technical Assis-
tance Group
Civil/Structural Engrg.
Civil/Mech. Services
Site Engineering

UEAC - Project Field
Engineering Group
Civil/Structural Engrg,
Civil/Mech. Services

VEAC - C?pla Tray
Bracing Task Group
Site Technical Staff
Piping & Supports
Site Engineering

UEAC - Structura)
Analysis Group

UEAC - Structural
Analysis Group

UEAC « Project Field
Engineering Group
Civil/Structura) Engrg.
Civil/Mech, Services

Site Engrg.

UEAC ~ Technical Assis-
tance Group
Civil/Structural Engrg.
Civi1/Mech, Services
Site Engrg.
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J. R. Lindguist

Frank }cdabo

Colin M, Coles
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Title
Field Engineer - [&C

Construction Superintendent
Painting Subcontracts

Design Engineer-£2 7L

%e 32

Organization

UEAC - Project Field
%zzinoorinq Group

I&C Systems
Site Engineering

;O(V
UESC - Construction

UELC - Seabrook Project
Shrmue ups
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4. CIVIL AND STRUCTURAL

The objectives of this portion of the integrated design inspection were to

evaluate the civil and structural engineering practices and technical execution
a of thedesign desian

of the design with specific emphasis uponAcontro1Apnd exchange ofAin?ormation

within the project. The team inspected areas defining whether:

(1) iRegulatory requirements and design bases as specified in the license
application have been correctly translated and satisfied as part of
specifications, drawings, and procedures)

(2) ¥Correct design information has been provided both internally and
externally to the responsible design organizations including selected
off-site subcontractors)

(3) 4Design engineers had sufficient technical guidance to perform'assigned

engineering evaluations, 2nd

)
(4) ¥Design controls, as applied to the original design, have also been
applied to design changes, including field changes,

These objectives were accomplished by selecting a sample of structural elements
which make up the building structures or are supporting mechanical, electrical,
and instrumentation and control systems being reviewed by team members in those
specific disciplines. This sampling‘giiysed to assess the 1nterdisciplinafy

interface design control exercised on the Seabrook 1 project.
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4.1 Design Trformation
)

The objective of this portion of the inspection was to determine, on the basis
ane methods ot desian

of the material reviewed, if ‘he—methods) the proceduresand the design controls

which have been used in the Seabrock project, reflect the requirements of NRC

regulations, such as General Design Criteria, Regulatory Guides, Standard

relererenced inclust

- )
Review Plan and otherhfodes and standards. Furfhefnorez-hav+ng—dozeam+ned
Fosed on
the degree of consistency between the rules and regulations es—oae-hand- and
the actual practice by the applicant and his agents, en—the—othes, 2 determina-
tion could be made .of the levels quality assurance and quality control are

acceptable.

Pursuing this goal, she team reviewed the organizational structure of the
Public Service Company of New Hampsnire (PSNH), the design and construction
effort delegated to its agent, the Yankee Atomic Electric Company (YAEC) and
the execution of the design by the architect-engineer for the Seabfook plant,
= : -'r-ocust on
United Engineers and Constructors (UEAC). Particular attention was feund—te—

the interfacing between various organizations such as YAEC and UE&C and their

/

S ey

subcontractors. ad Bhe Hou + a ormaTion mecoin TKase 4o % ey
7/ J / -

+he
In,giviT/structura] discipline, the applicant committed to comply with the

NRC rules and regulations, the General Design Criteria, Regulatory Guides,
Standard Review Plan (NUREG-0800) and other documents as well as the appropriate
commercial codes and standards. The basic document used in cesign of the

T
containment structure is the ASME Boiler and Pressure Vessel Code Section',l.
\



Division 2, Code for Concrete Reactor Vessels and Containments (Winter 1975

Addenda for containment liner; Winter 1376 Addenda for reinforced concrete),
thereinafter referred to as the ASME Code. For other reinforced concrete
structures, the AC[-318-71, Building Code Requirements for Reinforced Concrete
(with Commentary) was used. Steel structures have been designed in accordance
with the AISC, Specification for the Design, Fabrication and Erection of
Structural Steel for Buildings, 1969 Edition (including supplements 1, 2 and
¥ resviremen’s
3). For The-quality co#EFelAFhe applicant committed to use ANSI N45.2-1974,

Quality Assurance Program Requirements for Nuclear Power Plants. The Final

Safety Evaluation Report (FSAR) included all of the pertinent Regulatory

; - / :
Guides, -: reerepcer S E  UNYVOUS COMm TMETE. ’

The organization of the Seabrook project in place at the time of the inspection
isbest illustrated on Figure 1. The Executive Vice President of the PSNH

is responsible for all executive functions of the project. He reports directly
to the president of the company. :G?ce President, Seabrook, (VPS), reports
directly to the Executive VP and is in charge of all management functions.

Both the Executive Vice President and the Vice President, Seabrook are from

the PSNH. Working directly under the VPS are: Director of Quality Assurance;
Manager, Start-up Testing; Director of Construction; and Project Manager.

These four positions are staffed by the YAEC. There areithree additional
positions: the Manager Construction Support and the Construction Manager

(both of them are from the PSNH) and Vice President of UE&C res onsible for
’ 35 Fm@s'&b“

roject consistr
design and construction management The YAEC engineering groupAreport to the
Suw\n nte Laor 3\‘0093 he aded En.l

project manager and it 1s-hoadod-hy the fol owing fews positions:
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+ ¢ ¢ ,
a. Assistant project manager of construction
¢
b. Engineering manager
4 *
c. Senior project engineer
: S 4 '

d. Assistant project manager (licensing and operation)

The Engineering Manager nas four lead engineers reporting to him:

a. Systems Lead Engineer

b. Mechanical Lead Engineer
|
i

¢. Instrumentation and Controls Lead Engineer F

d. Electrical Lead Engineer

There are five engineers in the rechanical engineering discipline; three of them —~

are civil/structural and two mechanical.

' We interviewed the three engineers who are working in the civil/structural ‘——-‘\)
area. We found that all of them are graduate engineers, of them have 'g
master degree in civil or structural engineering. of them are registered /
professional engineers. Their experience range from seven years to nine | [

with most of it in structural engineering related to nuclear plants. During /



the interviews they demonstrated generally good knowledge of their profession,

!
but their familiarity with NRC rules and regulations was somewhat less than !
would be expected. There was no evidence that YAEC provides any training in ;
this area or encourages an improvement of their knowledge of the current

regulatory positions.

The entire staff working for the projéct manager consists of 35 professionals. |
The professional cross section of the civil/structural staff of the YAEC
employed at the Seabrook Project is included in Table 4-1 which provides data

for a representative cross-section of civil-structural engineers working on

the Seabrook project. /
1) 4/

I D 1 o 1.5

In our inspection, considerable attention was given to the interfacing between

persomne . and 2reupe

different'off4e4e4sxwitﬁin the YAEC organization as well as between the organiza-
tions involved, namely YAEC and the UE&C and/or PSNH. It appears that the

communication between the UE&C and the YAEC is maintained through the UESC

?uje:-‘ fromeacn ;D,Q"Rli P’)anaﬁ er

BMArho commuhicates directly with his counterpart of the YAEC. The YAEC &% ° ’

reports to the VP of Seabrook project who is on the staff to the utility

company, the PSNH. The lines of communication are depicted on Figure 1.

—

The inspection team evaluated the documentation of design controls which is 3

‘ s &)
used by the YAEC as the basis for the demonstration of design control exercised r;uykaua
; '(C;‘.VM

o

by YAEC and PSNH over the designe=s. orcjam'eailion *@ﬁ the Meﬂ‘
A review of an audit report conducted by the PSNH on July 26, 1973 at the UE&C
offices, Philadelphia, Pennsylvania was conducted. The purpose of this audit,

conducted in accordance with the requirements of Yankee QC8A Procedure WQ-115,
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paragraphs III.A.1 through 8, was mainly to verify disposition of the open
items of the previous two internal audits. The report discussed three items

PN 4 d
identified in the previous audit, conducted on May 15, 1973 which have not ¥
e Joond during Fhe Sue:
been satisfactorily resolved. No new open items ha#e—been—iouad\,:‘ln the- 2

subsequent letter, dated August 30, 1975— UE&C discussed the proposed resolution
The TDT ~eam notd
of the items covered in the subject audit report. An—sbservation—has—been

made that the referencing of the staff in the audit report has not been made

name Tle eom

by fu]] or by their t1t1e pame but by their initials alone. (ound that

e
such 1dent1f1cat1on of personne] makesAextreme1y difficult or even impossible

: Poolis e dic Rl el i of BalT OAD o
to trace down the people involved. ~tics "> oLt Atdercon & 5 LT, Se

/

L et ' viows  poamel A L350 em 4«45,"'.':) J\/Gésen.a)éon

The principal documents providing for the implementation of all quality

Lo Me Yarkee ergen/zaron Ao
assurance aspects of the Seabrook plantare the Project P licies and the 3

» \ r—”f 2
Seabrook Quality Assurance (Q/A Manual).y The Q/A Manual establishes the

procedures for the interval and external quality controls of the YAEC such as i

the scope and frequency of the audits, interface controls, prov1des guidelines v” .
for the review of specific categories of documents, etc./ The Project Policies

///”'FEV1de guidelines for implementation of the specific phases of the quality

assurance system and describe processing of documents such as the Engineering f

Review Reports (ERR's), filing of documents, handling of engineering documents

+he
Both,Project Plicies and the Q/A Manual are under the direct responsibility

of the Project Manager (PM). The PM is responsible to assure that both the
Project Policies and the Q/A Manual are in agreement. In case of a conflict

between these two documents the Q/A Manual takes precedence. The Project
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Policies are reviewed and updated periodically to reflect the current modes

of operation and design.

These recevine 27 enjznee-v‘of
N e LR N S
Specifications are the documents deve1?ped for specific tasks involved in

design of the Seabrook plant. They are developed by the UE&C and forwarded
/ea f“f 3
to the YAEC PM for review and approval‘ They are,\reviewed on ‘bre selected

~

basis by the Quality Assurance Department (QAD) of the YAEC and the document

resulting from the review is ca11ed Engineering Review Report (ERR). The

f“ *
“onlm® organ 237 C7
ERR's are filed with "the ¥AEE in a Separate filing system.

A

Cree & 7:e:,f over A..s beeo c/ere/oﬂa'/c»o//‘!?ufﬂ-u > P epx)" /é’
THe UEAC provides YAEC with the list of the prospective bidders and recommends

z

/.thhai/

an\':%

/

Lo, presose e are rece; ez

those bidders who appear to be technically acceptab1e , YAEC selects the

winning bidder from the list provided by the UE&C, usua]]y on the basis of

the lowest price. The authority of approval of the specifications is w1th‘——“\\

B

‘, the Project Manager. Specifications are updated when there is a change in

the purchase order and their change require review and approval of YAEC. In

order to assure that the specifications are up to date, YAEC conducts

interdisciplinary meetings which are, on the average, every two wsgii;’/’//,///

\

Following are our specific comments resulting from review of some of the

documents provided by the YAEC staff.

Q/A Procedure 3.3 "Review Procedure" Rev. 8 - Date 3/30/7%

The Procedure provides guidelines for the review of specific categories of

documents. Specifically the documents covered by this procedure are:
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S
Engineering Specifications, Engineering drawings, purchase documents and

QA/QC Program, Manual and Procedures.

The documents to be reviesed by 5hé YAEC are developed by the agents, such as
UERC or subcontractors aid submitted to YAEC Project Office for review. The
Project Office is responsible to establish the appropriate reviewer (s).
Review of Project Policy #1 (PP-1) reveals that the reviewer is "determined
by Section 3.0 of the Seabrook Station Q/A Manual and Subsection 17.1 of

the Seabrook SAR.

When Q/A Manual Section 3.0 was reviewed the criteria for selection of a

reviewer could not be found which is a discrepancy from PP-1.

The Procedure is vague in the area of resolution of conflicting comments

originated by the reviewers. The only statement that could be found is that
if the disagreement could not be settled amongst the reviewers it is referred
to the higher management. There are no specific steps or the responsibility

to be taken to obtain a satisfactory resolution.

The Procedure contains specific guidelines (provided in the Appendices) for

preparation of the review of the documents covered by the Procedure.

United Engineers and Constructors, Inc. (UE&C) is organized into several W
operating divisions with the nuclear pc+ser work in the United States being
perforn.ad in the Power Division under the direction of a Vice President. dne

of the managers reporting to him i ¢ » Manager of Power Engineering. Power
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Engineering is then subdivided by four technical disciplines each with a chief
engineer as the technical leader for a given discipline. UE&C defines four
specific disciplines: structural, electrical, instrumeniation and control and
power. The first three are self-explanatory whereas ;he fourth requires some
explanation. Included with the Chieﬁk Engineer-of Power's group are the
technical disciplines of power systems, piping engineering, process engineering,
mechanical engineering, nuclear engineering and fluid/hydraulic engineering. »
The engineering personnel involved on a given project such as the Seabrook
Project all report technically to one of these four discipline chief engineers.
Some may serve on a specialist staff or in a special group under the chief
engineer of that discipline supporting a project. While others may be within
the project group under a supervising discipline engineer or other engineering
supervisor who reports to a project engineering manager. The staff groups and
personnel become involved in project work only at the request of the project
engineering personnel. Based on the team's information this concept has been

rather constant within the firm for a number of years.

The Seabrook Project functions within this framework in the following manner.
The Project Manager apparently reports to the Vice President of the Power
Division, just as does the Manager of Power Engineering. In the course of the
Seabrook Project there have been numerous changes in the functional organization
for the project as well as changes in personnel. The team found some in tracing
the organizational changes as well as how responsibilities shifted and were
transferred from one group or individual to another. Documentation was

obtained in the organizational area, to indicate the overall project organ{-

zation since 1976. Numerous changes were implemented about the time the team's
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effort began, adding another change to the list. The team found that the
organizational charts obtained in the background study in October were even

out of date by the beginning of November when the IDI team began, s ﬁ”jpetﬁk”"

Reporting directly to the Project Manager until sometime after March of 1981
was the Project Engineering Manager. There also existed at least one Assistant
Project Engineering Manager.‘afhe Supervising Structural Engineer, called a
supervising discipline enginét} (SDE), reported thiough an assistant project
engineer to the Project Engineering Manager. The SDE for structural was

the same individual from the beginning of the project until August of 1982

when his assistant became the SDE. During the pericd of heavy involvement

in design for the basic structures the structural group in projects was aligned
by structure in that the Containment Shell, for example, had a designated
Cognizant Engineer as the lead structural design engineer for that building.

A significant number of engineers were assigned in these building groups.

As that phase of the project drew to a close the structural personnel have

also been formed into specific task oriented efforts such as the Beam Verification
Program. The Cognizant Engineers assigned by building still exist, but have
smaller groups and may also now have responsibilities for several buildings.
Another change that grew over the life of the design evolution was the
importance of site related engineering effozgg:] Up throdgh March of 1981

there was a liaison‘Engineer assigned to the field to perform the site

liaison to the home office engineering organization. That function was
performed under the supervision of the one Project Engineering Manager for
Seabrook. In March of 1981 a separate organization was created under the |

direction of the Project Engineering Manager (Site) as opposed to the previous
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position under the Project Engineering Manager for the Project. By January

of 1983 four separate Project Engineering Managers positions were in existence |
in the home office with some 1100 personnel in the groups. Additionally,

nearly another 1000 were at the site under the controj of the Project
Engineering Manager for Site Engineering;{lNo less than six different groups
exist working in the structural discipline in different chains of command with
three at the sité and in the home office. A separate structural group has

been set up in the ome office in the {ite Support Engineering Group to 1nterface
with the field Site Engineering grour so as to minimize impacts on the project
Structural group. The implication< of this organization will be mentioned

later in the report in addressiag interfaces for design:7

The team also spent cqnsiderable time, out of necessity, in order to try to
understand the hierarchy of the multitude of in-house procedures utilized by
UE&C so that a proper assessment of what was being done in the project's

design and the control of the design process could be made. Figuré 4.
presents an overall view of the hierarchy that exists for the Seabrock Project
with regard to home office engineering and design. In actuality, 4 to 6 layers
of documents and procedures precede what might be considered to be an
engineering calculation. This is some what further complicated by the fact
that in many specific areas, different staff groups have developed and use
modified procedures where latitude exists under a more general parent procedure.
The result is a great deal of variation in documents when one begins to review,

for example, calculation packages and the associated control sheets.
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As a result of the team's review of the various project documents, such as the

Project Manual of Procedures, the General Engineering and Design Procedures,

several findings and observations were made. The team first reviewed QA-3

rom the QA Manual whick‘s the UE&C corporate level document which addresses

the regulatory requirementsy



-t e

N

SEABROOK rROJLCY
FUNCTIONAL ORCANITATIONAL CHMART

‘- FlG, L

D.N, )lcnl})l
ErEC V
PIAMCHES T E R M

| All Execuctive Tunctions

7 .

1
, A ]\’sul* VP Noc. oP3 VP SENBRoor. JComsTRucT70M ;
! nt.s?“ uct'j'q s - Ceorge Thomas Vandell Johnaoa All Project Mamagamant . t
: ""“("’Jg(’r;% o PAVCHEsTaR AW SEApRoow SI\TE Tusctions ..',%ﬁ i 'lu.x
. /-m % / PP 2g0) Oparations ' " et
7 . Ri g I (73 ~ Functlons p— it cavs
" 7 il : TR
Py / ot VP (1) v:l‘ C) d4 ,)T' M’-;’. ;
AT  Siré Ar SIirE FEAMING Y AN T :
D, Mclain r, p 3. bav nceatis .::'u Ap' B':; =
Y, L_YaEc ) c PSNH ’ 1
VR, Guality Assurance . Maeg start-uwp estiog 1. yComstruction « Ulcensing Ovner Site .
- : e : ' 2. Senites Services Con"frod"ro ]
’ (B St ! Logtneect . .
opeTz [ttty f testeesetag N AR . Mgy | My
). |sice Sergicen J 2 Services
b ). Monlter * - -
- Aduin for PSMM
< l £8Ne“ — Construction

Site Construction

see QL)

P oELc)

Personnal

——

\

}'H,g,m;a(lh’.tl

- v - ( .
l F.0D, LA <T~—&J lll,a,mzcwy [:Amm.a.u;‘wan 1. 1y

e e R ey

\_ Ts+acey )

"SYSTEMS
LE

\
— 2 KA MR

LE 'lM

~

- WMMQ:Q.J\\M, »
e
LYY ¥ '

SR, Pm %S, Py e d BPE R,
l ' : : M,/ s i !
(T.M.Clz):slclg L'F!EEE!&_! |‘v‘~.‘rsoubE!.osL
MEC, LLC = .%o gro v -
ide LE ELCGep LE

NG,




Document Name:

SECTION 4.2 - SEABRCOK IDI

Requestor's ID:
EILEEN

Author's Name:

G. Harstead

Document Comments:

Static and Dynamic Analyses

O

— L Card,

ez, 2-7

Zg4-7

/e /2¢



LY

G R =/

o Gpia e b g
~ & 4.2 Static-and-fynamic Analyses
A A, :

X e N

f::;ﬁ’f G i
¢ Crszfﬁ; objective of this portion of the inspection was to examine the adequacy

ffzztt:;v?ﬁnd coordination of analysis, design, and the resulting flou: response spectra
Odh

?';Ff:;v /for the Tank Farm Area which houses the Refueling Water Storage Tank |?WST)

13; w
i*ﬁ&@j’ and the Spray Additive Tank (SAT).

™

s
S —‘1 ‘h.J"z
Se/SmiC i - d
The team also reviewed the interdisciplinary process leading to theqdesign of n A9
the attachments to the containment liner supporting ducts, pipes and electrical
nc€ ¢ —
equipment, Calculation No. CS-22,.as well as the calculations pertaining to the

subject of the Tank Farm.

The dynamic analyses of the Tank Farm was performed by the Structural Analysis
Group (SAG) in order to determine the seismic forces needed for the design of
structural elements such as the structural steel beams and bracing and the
reinforced concrete walls and slabs. This analysis also led to the development
of amplified response spectra which were used for seismic qualificationy of
equipment, g(’analysis of piping systems, and for design of structural steel

beams.

The Tank Farm Structure is essentially composed of a lower reinforced concrete
box-1ike structure and an upper braced structural steel frame with a reinforced
concrete roof slab and metal siding. The mathematical model consists of lumped
masses connected by massless springs. This type of model is commonly referred
to as a stick model. The calculations used for the development of the mathe-

Ao
matical model are contained in UE&C CaIculationASB SAG-5WB (Reference 4.41).
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The stiffness of the structural steel frame was based entirely on a shear
type response in that the nodes were in general restrained from rotation about
the horizontal axes. The calculations of the area and the bending moment of
inertia were calculated consistent with the rotational constraints imposed on
the model. While the combination of area and bending moment of inertia were
consistent with overall shear stiffness, individually the properties were not
consistent with the actual structure. The rotational constraints imposed
also, in effect, eliminated overall bending from any consideration. This
approximation could result in a significant overestimation of the stiffness
of the structural steel framing.
.

The stiffness of the reinforced concrete portion of the building was considered
by UEAC as a combination Qf shear stiffness and overall bending stiffness.
Therefore, instead of summing up the r;;tangular cross sectional area of
walls oriented in the direction of interfest, UEAC considered each wall
separately in determining the shear deformation. This shear deformation of
each wall is composed of pure shear displacements as well as bening characterized
as a guided cantilever with a moment of inertia based upon the rectangular
shape. The sum( of the shear stiffness of each wall is calculated, so that
an area and a bending moment of inertia of the stick is determined consistent
with the shear stiffness. The problem with this method is that if indeed both
shear stiffness and overall bending stiffness were important, the method
would underestimate the overall bending stiffness particularly since flange
effects are not considered. UE&C made computer runs during the week of

while Hie inspection w3y in-proqress
December 5, 1983 ,which indicated that the mode! was not sensitive to errors in

the moment of inertia.

}Eiiﬁj"‘¢“-/1? .. dio s o 42 e
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In calcuiating the stiffness of the structural steel bracing, UEAC assumed
that all X-bracing was composed of angles ¢"x4"x3/4". In fact, the bracing
consists of substantially larger members as indicated in UE&C Drawings
F-111824 and F-111825 (Reference 4.32).

37p rox i~;+d1 — feet F
There 154f111 concrete under the Refueling Water Storage Tank and the Spray
Additive Tank. A three inch gap is provided between the fill concrete
including the mat and the south wall of the Primary Auxiliary Building (PAB)
as shown on UE&C Drawing 3789-F-111818 (Reference 4.32). A concrete curb
is placed on the top surface of joint as shown in Detail 11181900, UE&C Drawing
9783vF111819 (Reference 4.32). This joint is shown along the east edge of
the fill concrete only. A field visit indicated no differences with the
requirements of the UEAC Drawings (Reference 4.32). The mathematical model
described in Calculatiogng SAG-5WB (Reference 4.41) does not account for

the stiffening effect of the fill concrete.

The neglect of overall bending used in the development of the stiffness of
the stick model were not approximations which significantly simplified
calculations,but which might be troublesome and therefore, must be independently

justified.

Personnel stated the Tank Farm mathematical model was unique and no other
mathematical models were prepared in such a way. Additionally, it was stated
that the usual practice of SAG is to prepare a static structural model and
with the aid of a computer program, appropriate stiffness properties are

calculated without the need for the approximations such as those used in the
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Tank Farm model. The team had insufficient time to confirm that the Tank
Farm Structure is an isolated case; however, the team has no reason to doubt
the validity of that statement. Because of discrepancies between the assump-
tions used in the development of the mathematical model and the actual Tank
Farm Structure, new calculations and computer ﬁi’ﬁ’a?e required. It is the
team's finding that the Tank Farm mathematical modef,tl;:(fecalculated

incorporating effects of overall bending and the actual structural

configuration (Finding 43& 3o

Mololn s ftnntovel <Head ;w':...-‘.’ 4._\7
4 4

The interfacing between different disciplines is illustrated by Figure . /,"‘ “;e-,l-'f")%?
It shows the major steps taken during the process and is self-explanatory. It P
should be pointed out that all transmittals of the amplified response spectra

(ARS) from one discipline to another is taking p.lace through the Coordinator

of Seismic Design (CSD). We were informed that the introduction of this

position as the focal point of coordination of interdisciplinary effort improved

the design procedure in a great measure and has prevented the use of obsolete or

inapplicable results of seismic analyses. We found an instance of such a /413

'A"i lack of coordination in the past in case of use of results of the input to

J el ,‘?4 /(—_;-

,p‘ ’9/. { the SHELL I computer program (Finding 4- 7) 'Fhrsub.}eet-ef seismic analysis Lm

z /«t‘ 'witt-be-diseussed-later, in_the section dealing-wi tt;desl}n of - the- contamment.J?Km \
/S & o

ré{ ysThe current system of control of seismic designp s 5 o

a { Mﬁ‘e * —— \./

AT/ procedure AP-36, "Control of Seismic Design“,‘which was introduced in May of

———

1980 and appears to be effective. In the process of reviewing Calculation /2(5@""
Ceotorence ¢ SAow’

No. (S-22 several observations have been made, Yobservations 4.1, 4.2 and 4.3). b ywaks

] be /
In case of Observation 4.1, reversal of the horizontal leg of the angle could Z%):/jl

~ introduce an additional eccentricity, which would cause a torsional moment s=roreTe

.
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in the plate and therefore increase in the stresses. We pursued our inspection

further, and review of the shop drawing revealed that the detailer placed

the angle in question with the vertical leg at the center of the plate, thus

eliminating any eccentricity which might take place due to the erroneous

skatch on Sheet 98. Observations 4.2 and 4.3 have been brought to the attention

of the design office as examples of lack of proper care in preparation of

calculations and checking and would not have a major bearing oqa:?e adequacy

of the design. 70 ¢.3

We reviewed the basic assumptions of the seismic analysis of the containment

structure from the point of view of the regulatory requirements and found

them acceptable. The containment shell has been represented as a lumped

mass (stick) model fixed at elevation -30 ft. The shell and the internals

including po}ar crane have been uncoupled for the purpose of the final analysis ronyof@‘
. CaleY '7qég%§AG-Aégﬁstf.?;z,§dET;§7§>assumed that the liner is not a resisting structural

element, but its mass has been included in the lumped masses of the model.

Since the shell is essentially axisymmetric, and its center of mass and center

of rotation coincide, the torsion due to the geometry of the structure has

not been considered. 'fhe éccidental torsion due to seismic force applied at

an eccentricity o? 5 percent of the mean diameter of the containment cylinder

was considered and its effect on the stresses of the rebars has been found

to be negligible (less than 2 percent increase). We agreed with the considera-

tions made for torsion. % 4&,45

In the case of the internal structures, they have been modeled as a series

of concentrated weights, located at their respective centers of mass. These
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weight centers have been located at specific elevations, which in most cases
is at the top of the respective slabs. The weights representing the slabs
have been connected by weightless, elastic beams representing structural

components between the elevations of the concentrated weights.

v 4
Since there are no existing earthquake records pertinent to the Seabrook site '((}{’
the seismic input has been defined at the bedrock in form of tne design response ;;;fff
spectra for the operating basis earthquake (OBE) and the safe shutdown earth- ‘f:{ZV
quake (SSE) in compliance with Regulatory Guide 1.60. The duration of the h}fﬂf

earthquake is estimated at 10 to 15 seconds. The engineers responsible for the
seismic analysis stated that a!l Category [ structures are founded on sound

bedrock or engineered backfill extending to the backfill. The engineered back-
fill consists of e;ther fill concrete, backfill concrete, offsite borrow tunnel

cuttings or sound cement. Furthermore, the type of engineered backfill used

under all seismic Category I structures is fill concrete, with an exception of
safety-related electrical duct banks, electrical manholes and the service water
pipes which were founded on off-site borrow or tunnel cuttings. Both the time
history and the response spectrum analyses were performed for the OBE and the
SSE conditions. The critical damping ratios used for the containment structure

are those of 4 and 7 percent for the OBE and for the SSE respectively.

The structural response has been determined using the response spectrum modal
analysis method. The total response of the structure was calculated by super-
position of the responses of each mode by the square root of the sum of the

squares (SRSS) method.
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We reviewed the process by which the basic data pertinent to the design of \Q
containment have been gathered. In this connection we have noted that several 92_
documents such as those pertaining to the design temperature and pressure, \\ ‘(
which in the opinion of team members should be controlled, have not been included \}‘ .
in the Document Control Center (DCC) serial numbering system and could not be ‘q"
easily retrieved. This matter is described in more detail in Section ___.

Furthermore, examination of the input for the SHELL I computer program revealed
s.
that the information used was incorrectly referenced in the calculation,@ee\

2
The following is the result of our further inquiry in this matter. 4o A2

Seismic forces and moments as used on Sheets 30 through 35 in the Calculation
(feteromce & —__TNO) "
No. CS-15, dated 8/4/75, ,were obtained from médified seismic analysis SB’SAG-

(-?e@m 4—.__._——,) so@ce
4CS3 qusing cfecoupled model of the containment shell and critical dagirig values \

of 4% for OBE and 7% for SSE. The preliminary analysis, SBSAG-4CS:3‘, was based
on coupled model of the containment shell and critical damping values of 2% w43
for OBE and 5% for SSE. SBSAG-4CS3 has been superseded by the final seismic
analysis $(AG-4CS4 using a decoupleo mode! of the contammnt shell and critical
. 25 out/ined imndm F
damping vaf:es of 4% for O0BE and 7% for SSE fRef¢ SAG—memo, ﬂdated 3/17/ /zp?,a,,,e Z_

FHe3+i1)y

Although comparison of the SB,SAG-4CS3 and SB;AG-4CS4 analyses shows that their

&_

s pace
results are very similar and that the seismic forces and moments used as input

-3

for the SHELL I program are conservative, we determined that this is a violation
AP- ( Botorence +
of the Administrative Procedure 22, "Calculations”, Appendix A,\
&0,
H/19/74 and 10 CFR, Appendix B, Section III, "Design Control", dated 8/1/80

(Finding 4.7),
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We reviewed the various stages of the static analysis of the containment
structure which utilize the results of the m‘analysis described above.
The containment structure (the shell and the dome) has been designed using
several computer programs. Some of them such as LESCAL, WILSON I and WILSON

Section
[l have been documented in the Final Safety Analysis Report (FSAR%‘ There

were others, however, such as SHELL I and SHELL II which have not been included
in the FSAR. This is in violation of the Regulatory Guide 1.70, Section
3.8.1.4, Revision 3, November 1978 and Although we havebeen-informed by the-

compuier

T UER ] n f th ' £, rwd d Hoas
'/QU' C personnel that the use of these codes.jas mtle ,we noted tf,as an

ce .
Moeded Jobservation (Observation 4. ).

,6 a,.l’
4 l” ]
N /

The axisymmetric analyses of the containment structure for dead, load, pressure,
temperature under both operating and accident conditions were performed using
Wilson [ computer code. The shell model for the OBE and SSE has been analyzed
using Wilson Il program. Both the Wilson I and Wilson II use the finite

element method. Since the ASME Code does not permit the liner to be used as a
structural element, the containment structure has been analyzed and designed
without participation of the liner plate. The analysis reccgnized the fact

that under thermal conditions, the liner .late will exert forces in the

concrete section which constrains the liner growth. In order to generate proper
design forces for the concrete section, liner stiffness has been included in

the Wilson [ model but excluded from integration of stresses to obtain section
forces and moments. The analysis recognized the fact that the cracking pattern
will vary under different loading conditions. In order to simplify the design,
the individual loads have been combined linearly despite the difference in

cracking. The peak pressure and peak temperature have been assumed to occur
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simultaneously for the design of concrete section. We agreed with this

approach.

13
In the analysis the input for the SHELL I and SHELL II programs have been :
obtained from the lump-mass analysis which used the STARDYNE computer code

and model described above. The SHELL I and SHELL II programs converted the
forces and moments obtained from the STARDYNE analysis into the effective
membrane forces and in plane shears and adds them up algebracially.

“ €2
The square root of the sum of squares is ajplied to determine the combined :{ A

:
two horizontal and one vertical motions. Due to the symmetry of the structure,

¥
i&
RN

|
-

effects of three orthogonal components of earthquake ground motion, including ¥
¥

the maximum meridional and the maximum in plane shears will occur at the same
location. E

The design loads computed by SHELL I and SHELL II were used as input to program
LESCAL, Version 1.5, which is used to calculate the stress and strains in

reinforcing bars and/or concrete per ASME B&PV Code, Section III, Division 2.

‘ 4
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4.3 Design of Structural Elements

VA

gﬁﬂfa,b‘ The objectives of this portion of the inspecticn were to examine the adequacy
;’“i)’ )” and coordination of analysis, design, engineering drayings. shop drawings and
P ‘i:;f\construction of structural elements located in Category I structures which are
v associated with the containment spray system. The structural element which

was selected as an example was the recirculation sump screen structure.

The containment recirculation sump screens and collects the water available

for supplying the residual heat removal, containment spray safety injecticn

and high head charging pumps during the recirculation mode of operation following
an accident. There are two completely independent sumps located in the contain-
ment, symmetric about an azimuth of 270°, with the top of concrete at elcvation
-26'. Heavy particles are prevented from reaching the sumps by sloping the
surrounding floor away from the sumps and two screens (one is.coarse and considered
a trash rack with 1 inch x 3-11/16 inch openings and the other is fhe fine screen
with 8x8 openings per inch) prevent foreign matter of 0.097 inches or greater

from passing through.

2
Both the trash rack and the fine screen are attached vertically to the steel

framing. The structure itself consists of a framework of structural steel
members extending from elevation -26' to elevation -20%4'. Each frame is on

P three elevations, within the 1imits stated above, and has the area of

7
e 9'-6" x 18'-6".

4

Wy
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We reviewed the design calculations for the screen structure which are contained
in the Calculation No. CI-2 (Reference 4. ). The structure was designed for
the load combination of the dead load, live load and the OBE as one of those
required by the FSAR. The computation contained a statement that the equation
used was the controlling load combination equation, but there was no comparative
analysis or any evidence that both earthquakes (OBE and SSE) have been considered.
Additionalily, the effects of thermal expansicn of the beams had not been taken
into account. During the inspection, the temperature was accounted for in

had
Revision 1 to the calculations. This was after the structural steel has been

"/ |installed. The drawing pertinent to this structure, Drawing F-101486,

s z‘z(keference 4, ) was released for construction of embedded anchor plates
" “
jzifgiﬂ:: on September 29, 1978 and for structural steel construction on January 21,

1980.€raé concluded that consideration of both of the earthquake loads, 6B§-‘\\

\

and SSE should be evidenced in the design and that omission of this load is

violation of the "Structural Tesign Criteria" SD-66, Table 5.4-1(?), Rev. 0,

dated October 15, 1976 (Reference 4. ) (Finding 4-}33;ijur1ng our inspection,
Revisicn 2 was added (dated November 25, 1983) which included an explanatory \

' ~te that the amplified response spectra tab”: nave been consulted and it

appears that the original design was ¢ & w2 e.
/. i

s“ﬂ'?<2;;;1:i:§6n of Detail 101486M on Drawing F-101486 (Referehce 4. ) revealed

that the bent plate connector had not been placed cehtrally with respect to the

chznnel structural member to which it is bolted and was moved toward the upper
flange of the channel. This was inconsistent with the analysis, which assumed
that the connector would be placed so that the center of the bolts on the |

connecting plate would coincide with the center of gravity of the cgpnne1. We
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verified that the eccentricity between centroid of the bolts and of the channel
as described above has been transferred on to the shop drawing and during our
trip to the site, we found out that installation was consistent with the drawing.
Since the members are subject to the movement along their Tongitudinal axes

due to thermal conditions, such a displacement of the connector from the
centroidal axis of the beam introduces eccentricity which will result in
increased stresses at the connecting plates. This was noted as a finding.

(Finding 4-4).

The cognizant design engineer performed additional calculations during the
inspection to account fof“%§4;t§g:dition and determined that the resulting
stresses are within the code allowables and, therefore, the structure as built
is adequate. The additional calculation sheet has not been listed in the
Calculation Revisicn Control Sheet of Revision 2 which was reviewed by the
team. This is contrary to APQZZ. “Ca1cu1atio:;:&!but since the work was done

desiqn review cut .
after the inspection's s#me—w4adoukthis is noted as an observation (Observa-

tion 45‘3 R

While inspecting the annular steel between the containment shell and the secondary
shield in the containment structure, we observed that a number of steel beams
framing into the steel plates embedded into the concrete had been modified. The
modifications consisted of extending the lower part of the web of the beams and
providing plates to accommodate the lower bolt in the plate which had been welded
to the embedded plate. Upon examination of the pertinent shop drawings and the
engineering drawings we found that this modification had been necessary dué to

the fact that the embedded plates were installed at the wrong elevation. The



plates were installed too low to be compatible with the elevation of the

structural steel in the area of the annulus. In our discussion with the cog-
nizant design engineers the modification of the connections was not reflected
in the analysis completed using a computer program. We determined this 6§f239,
be in conformance with the AISC Specification (Reference 4.___ ) and the
Structural Design Criteria, SD-66, Sections 2.1.2 and 6.2.5.1 (Reference

1‘3)X (Finding 4-132:

We requested that an additional analysis be performed to determine the
adequacy of the connections. During the inspection we were informed that

a program which will re-evaluate connections modified as described above or

in any other way so as to depart from the standard connections contained in.
the AISC Specification and not take€n analyged via the computer model will be
reviewed. This will be done by selecting a representat;ve sample and analyzing
thevconnections in that sample in accordance with the AISC Specification
requirements. We were told by the design engineers of UE&C who ha;e been
intimately invoived in design of the annular area of the containment structural
steel that misalignment of the embedded plates with structural beams is wide-
spread in Unit 1. In the case of Unit 2 there was an effort to rectify this
situation and to install the plates at the proper elevations thus alleviating
problems for the as-built conditions. This was not completely successful and
as a result there are cases where beams had to be modified in Unit 2. We also
learned that the modifications were not performed in the field, but the beams
were modified at the fabricator's facility and shipped to the field ready for
installation. In view of the evidence that the design engineers are aware of
the need for further analysis of these connections and that further action is

under way we did not pursue this matter further.
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Another item which is related to this area of containment pertains to the
connection of the beams to the columns in the annular steel. Examination of

the shop drawings revealed that in order to accommodate welds between connecting
angles and the beams framing into columns, not perpendicular to the columns, the
axis of the beams was shifted by one inch from the centroidal axis of the column.
This resulted in an eccentricity with respect to the column, which in turn
induced torsion in the column. We have found that this was not accounted for

in the analysis completed via a computer program and that it violates the
Structural Design Criteria, SD-66 (Reference 1.3) and Section 1.15.3 of the

AISC Specification (Reference 4. ). In our opinion, the effect of torsion
induced in the columns is to increase stresses in the members and these stresses
should be evaluated to determine the effect on over-all member stresses. We
recommended that an appropriate action be taken to assess impact of this .
eccentricity and an analysis be performed to evaluate the resulting stresses.

(Finding 4-19).

The Structural Design Criteria, SD-66 (Reference 1.3) is the controlling document

for the structural design of reinforced concrete and structural steel. With

respect to the design classification of the seismic category of the Tank Farm

structural steel considerable confusion was found. Table 3.3-2 lists the Tank

Fanm/f:;yctural steel framing as Non-Category I with a rﬁquirement that earth-
o2d/in

quakeh§hafﬁ be in ac€?rdance with the Uniform Building Code with a perplexing

note covering manhole covers. Furthermore, a requirement for the design for
e R ———

tornado pressure is listed. Paragraph 4.4.2.6.5 of the criteria states that
the roof shall be considered expendable and allowed to fail during a tornado.

However, Revision 1 to the document dated November 30, 1982 deleted the Tank
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Farm structural steel from the listing of Non-Category I in Section 3.2 and
listed it under Category I in Section 3.1. This leaves the tornado requirement
unclear at the present. While it was apparently the intention t2 change the
the strvetore
designation to Category I in November of 1982)4;wras considered Non-Category I
from the original issue date of the criteria document of October 19, 1976.
During the time period between October 19, 1976 and Novemper 30, 1982, the )
R i
calculations for the structural steel, Calculation No. WB-61,were performed v

mo-eaié'.
without a strict adherence to either Non-Category I or Category I;Ezzieaeaee-
~4—

In the latest revision to the FSAR Table 3.7(B)-22 ™sts the Tank Farm steel
. is lis
framing over the Refueling Water Storage Tank/gs Non-Category I with the caveat

that it is designed not to collapse under SSE.

For most Category I Structures which are exposed to tornado pressure, Table
3.3-1 in the criteria document requires a design for tornado pressure. This
leaves in coubt, the tornado requirements for the Tank Farm structural steel
and the associated concrete roof slabs. Calcu]ation‘;h-él indicates no design

A
for tornado for the structural steel.

The Tank Farm structural steel is Seismic Category I. Thé calculations and
drawings are all classified as Category I which is the design intent at this
time. The design load combinations 1isted in Calculation No. WB-61, Sheet 10
of 79, dated September 28, 1978 (Reference 4. ) omits load combinations
containing the SSE. This violates SD-66, Structural Design Criteria, Tablé
5.4-2 (Reference 1.3) (Finding 4-& )




e
UE&C stated that thét OBE load combination always controls for the design of

the structural stee! beams, and that this statement with a justification will

be incorporated into the structural design calculations.

A structural steel beam, Mark B9, located on the E1. 81' roof along Column
Line 0.5 was designed for dead lcads, 1ive loads, and seismic OBE loads in
Calculation No. WB-61, sheet 17 of 79, checked September 28, 1978 (Reference
4.34). Later a redesign was made to add the sag rod loads to the dead loads,
live loads, and seismic OBE loads (Sheets 9I and 9J of 79, checked November 3,
1979). The original calculation (WB-61, Sheet 17 of 79, checked on September
28, 1976) was not voided as required by GEDP-0005, "Procedure for Preparation,
Documentation and Control of Structural Calculations," Paragraph IID, Revision
0, May 21, 1974 {Reference 4. ). Subsequently, another calculation was made

(WB-61, Appendix A, Sheet 10 of 16, Rev. 3, checked on June 17, 1981) which

added a pipe support load, but neglected the sag rod loads.

Again the previous calculation was not voided. The SSE pipe support load was
incorrectly combined with beam OBE loading and designed for SEE aliowable
stresses. The neglected loads and the combining of OBE and SSE violates

SD-66, Structural Design Criteria, Rev. 1, (Reference 1.3) and was noted as

a finding (Finding 45-52 ).

The fact that there was some confusion over whether or not the structural
steel was Seismic Category I probably led to the type of problems described
above. It is the team's understanding that the beams will be evaluated as

Seismic Category I in a systematic apblication of all load combinations.
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Crmaked Lichen. :
The roof slab of the Tank Farm structure was designed as Seismic Category I,

although the Supervisin§ Discipline Engineer stated that the roof was Non-Seismic
Category I. SD-66, Structural Design Criteria (Reference 1.3) is silent on the

matter. o

The calculations for the reinforced concrete walls along Column Lines 4.5

and 5.0 are contained on sheets 8 and 9 of 13, UE&C Calculation No. WB-68
(Reference 4.34). The calculations were based upon the method described on

page 351 of the "ACI Design Handbook," SP-17(73) (Reference 4. ) in
accordance with the strength design method of ACI 318-71. The method is
appropriate for reinforced concrete sections subject to combined bending and
axial load when the section is controlled by tension. The calculation procedure
is described in Flexure Example 3 of ACI SP-17(73) (Reférence™d. . ) which
neglects any compressive reinforcement. The calculations did not indicate an
adjustment of the value of §. The results of the calculations indicated a
requirement for reinforcing less than that which would be required by a correct
calculation. The tendency of the designers to provide more reinforcing than
actually required by design may mean that sufficient reinforcing is in fact
present for the revised calculations. This appears to be a systematic error
for the Tank Farm walls and; therefore, the team recommends a review of all the
design of reinforced concrete members subject to combined-bending and compression.
This failure to correctly execute the design in accordance with the design

reference was noted as a finding (Finding 4,~'C ).

Bracing within the structural steel framing is provided for resistance to lateral

loads such as tornado and earthquake loads. The calculations for the design of
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bracing are contained in Calculation No. WB-61 (Reference 4.34). Totai seismic
shear loads were obtained from Calculation No. SB SAG-SWB (Reference 4.41). The
loads in the bracing_;zifgstablished in an approximate manner. The actuval dis-
tribution is more complex than that assumed; namely, it is dependent upon
relative stiffness. However, the determination of the distribution of shear
forces is dependent upon a knowledge of the sizes of the bracing and columns
which, of course, were initially not known to the designer. Additionally, UE&C
did indicate the Oﬁfuzjll control the design of the structural steel beams as
opposed to the SSE,Ajt is not clear that the OBE will control the design of
bracing. At this point, a reanalysis and, if necessary a redesign,of the
bracing is in order. The team recommends a more accurate determination of
shear distribution and a recheck of stresses, based upon the fact that the
column and bracing sizes are now known. The bracing in the Tank Farm should

be checked with newly calculated seismic forces for both OBE and SSE in
accordance in Table 5.4-2 of SD-GG (Reference 1.3). This failure to utilize

all required load combinaticns and actual member properties in the calculations

4

/‘/l,; was noted as a finding (Finding 4;:_'_6
&r‘adf ;;l\\‘ﬁins -
ot

S’,J‘éch’
n® ¥ { UEAC's headquarters in Philadelphia, a group called Structural Site Support

@;/

Engineering has been established on the p:g;ect independent of the project
Fo 2dcdress ohaxw Tesign changes.

Structural Engineering groupa This group acts in support of and approves the
(Site Engneer u%)
work done by engineering forces pon site at the Seabrook Plant.

In general, &ite ngineering is appased of a problem encountered Cu: ing
construction. Site ngineering will either propose a solution or will request

a solution from Site Suppcrt Engineering. The proposed solution will be



& 2-/0

reviewed for approvil by Site Support Engineeringer~ <h sltemative wll be med«(.

A typical example of this process is Engineering Change Authorization, ECA
01/4217. Several pipe supports were required to penetrate the roof of the Tank ..
Farm at felevation 71°40M. In Rev. A, Site Engineering recommended cutting the 54°
concrete by scoring the openings and chipping the concrete. Rev. B added
reinforcing steel, cutting and replacement details and steel removal and
SecCh OAS.

replacement and‘Stee]in‘s} Revisions continued through Rev. E which
incorporated additional details. DNuring this process there was continuing
dialogue between the site and the home office.

This etfort e control of
Site Engineering also prepares calculations.wh+ehAjs now unden\field

(TACP) _ '
Administration Construction ProceduresNo. 10, original issue was dated 3/11/83
and Revision 1 dated 10/27/83 (Reference 4. ). The majority of calculations
concerned misalignments of structural steel connections. The usual case involved
cwned"«a‘l made
a misalignment of bolt holes, which required a replacemengﬂgiae-welding. The
welding was designed to provide the equivalent strength of the bolts, even
though the actual forces might be less while this resulted in an overly
conservative connection, it did eliminate several cycles of communication
concerning design load requirements.
Fei's ond

YAEC also participated in resolution of NCR's which might have serious impact
upon the project ind which could not be considered routine. Two such issues

were being addressed during the early stages of the project.
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In many pipe support details, it is necessary to butt weld a thick plate at

right angles to <~ embedment plate. In approximately 20 cases the right angle
ellzr

plate has pulled out a po.,tion of the embedment plate by lamimar tearing.

Similar problems occurred previously in welding of annulus steel. The fact

that the problem again came up was that there was no welding or material review,

nor was there any general communication issued to alert all designers of supports

to the problem of 1am$nar tearing. The problem has not been reso]ved)but Hhae

tentative¥y consideration is being—given to chandiug.steel from ASTM A-36 to

Lukens Fine Line 516. —Both-Mr—Kem#iidians and Me—Robert-Tucker-uf—¥AEC 7#EC persome
are involved in the resolution.

p—- e ———

o~ el T -

(Hilti §51ts~are being used~jg the drift‘eljpinator of the Cooling Towers. Due\“‘

' to corrosion potential, the Hilti bolts are desired in Stainless steel. However,

\ \ \ .
the required length was not available in stainjess steel; thereforg>\a greater

f\Qength is antic}?ated. A meetin§ was scheduled\ to resolvé\Fhis matter. i
\ | [
[ ' | \ ‘

. t
| Y4
Another concern wais:iiijd by A. Cerne of Region I'‘concerning batk to back and /

corger installation This item was addressed and it was found that for the

, specific cases there was no negative effect.

The overall assessment of the design controls in the area of design of structural
elements indicates that the design vtilized the design criteria and provided
adequate margins of safety with regard 1> the code allowables. The staff
appeared to consist of experienced engineers thoroughly familiar with sound
knowledge of their profession. We do not expect that the neglect addition#]

stresses produced by the modification of the beams (Finding 4-13) or eccentri-
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cities of columns (Finding 4.19) will result in a drammatic reduction of the
margins with respect to the code allowable. The team concluded that the
structural elements examined have adequate capability to resist the expected

design loads.
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4.4 Design for Supported Mechanical Systems and Components

The objectives of this portion of the inspection were to examine the coordina-
tion between the design of the mechanical components, the support structure,
and the design of structural elements. The two tanks selected for review were
the Refueling Water Storage Tank (RWST) and the Spray Additive Tank (SAT).
Both tanks are part of the containment spray system and are located in the

Tank Farm, s#ructore.

Both tanks are supported at their bases and are anchored into the fill concrete
by means of high strength anchor bolts.
s/,,’7 Add, e ﬁﬂé
was
The seismic load for ths<§Af)+sAobtained by assuming horizontal and vertical

accelerations equal to 1.5 times the peak of the ground response spectra. TAs ’
eou vaklnt shafic iralysis was completes in conformence w.)¥ fHe meFoc

Ibis—+s—~e4y—l+kely-e—ve*yheonseruac4¥o—ualua_aad—zhe-oneho+~§e+§s—were
3s prov.ees da— i Secfen 3.7(8). 3/ oF fhe FSAR bt He .743/7:/: meHeor

wes me* /e_,‘;'ﬁea’f/; He ,-p.-,;rwen/ :’/’ea’(raf"a/) o Ao Fonk

:ae-zoax_Lhe_.4ak—eﬂd—eupvcrtfﬁ;re-vefy-c0nsevvee4ve4y-de44gaeéf——ﬂh++e—4#Nb
ahil.of sadsnt S da ko . he—NRE—SRP-—t
listeg—in-the-specifications.

The Refueling Water Storage Tank (RWST) was purchased from Pittsburgh-Des Moines
(POM) under UEAC Specification 9763-006-246-1 (Reference 3,52). PDM prepared
design calculations for the RWST (Reference 3.196); however, two errors of
omission were noted. One, in calculating the stiffness of the cylinder only

the overa)l bending stiffness was considered with the shear stiffness being
neglected. Two, only the fundamental frequency was calculated, neglecting

higher modes.



A reanalysis could indicate greater design seismic Toads; however, it appeared
that the thickness of the cylinder could accommodate somewhat greater meridional
compressive stresses. Also, there appearea to be additional capacity in the
anchor bolts. The team does not expect that there would be & requirement for
material changes as a result of a reanalysis; hcwever, such a reanalysis is

necessary to meet the requirements of the specifications and good engineering

practice. (Finding 4-/@ )
———————————————

The review of the tank calculations prepared by PDM was the responsibility of e
Lo o3l Pr3/ysis Gre g ponsbr /. divclod setueen oreani2zbors
,u,(goﬁ'zﬁmax 6%&C. T?: designAof the anchor bolts waikspl$;-uith-PDM specifyiii the
A ’
bolt diameter and steel designation and the UE&C Seabrook Project, Structural, was
responsible for the design of the embedment length and local reinforcing if
required. The number, size, and type of bolts required by PDM was observed

in the as-built caondition.

The pipe support which was located on the structural stee] Beam B-9 discussed

in Section 4.3, vas relocated so that the support was anchored into the concrete

wall located parallel to and adjacent to Column Line E.7 in the Tank Farm

instead of being supported by the structural steel beam. The sketches for the

relocated pipe support structure were designed &nd presented cn Drawing4ﬁ;

o7&~ 1-8018335, Support No. M/S-1833-RG-04, Sheets 13 through 17 R&v.. 5.7
,@:.yza (Reference 4.____ ).

During a field visit, the support was observed. A comparison of the field
installation with the design drawings indicated that the several of members

were larger than required by the design. The team had no questions relative
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to these discrepancies in view of the oversized members. By chauging the
support from the structural steel beam, 8-9, to the concrete wall, problems
whicn could be caused in the design of the steel beam were eliminated, however

as noted in Section 4.3 a finding was made on this subject.
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4.5 Design for Supported Flectrical Systems

The objective of this portion of the inspection was to review selective samples
of specific designs related to the structural support of electrical systems
in order to assess the interface between the electrical and civil-structural
disciplines for design. Specifically, a determination was to be made as to

whether:

(1) The licensee's design commitments contained in the FSAR and other

relevant documents have been met

-~
(a8 ]
—

Correct design information had been coordinated and complete interfaces

made through a logical design process
(3) The completed design was adequate

The inspection in this area was conducted by a review of the lateral cable

tray supports being gesigned by a;;gag%heering design group located just

off-site from the Seabrook plant. Organizationally the group is part of the US¢C
Site Engineering Group, which is under the supervision of a project engineering
manager and a Technical Staff manager. The Group is known as the Cable Tray
Bracing Task Group. This Group at the site compleé% work on the cable tray

support systems which are under the technical control of the Mechanical Analysis
Group for Electrical and Equipment in the home office. The home office group

reports to a different project engineering manager, known as the project system

engineering manager.
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The home office group is responsible for the development of the detailed
design procedures and related guidance and in the current mode of operation,
performs the analysis to complete the necessary design for the vertical loads

on the tray supports. The site group is then responsible for the analysisﬁzﬂ’zéwof_ £

which is comp/eted by making reces moc! el
and design for the lateral loadsy The compieted calculdtions and drawings Me o597
M/?A Sfas
by the site group are then sent to the home office for final review and the Jeern cowr-
/2éﬂ4r/ 47

incorporation into the final design documentation, which includes the desjgn’sf. 4.0

for vertical and lateral loads. e

The design of cable tray supports for the Seabrook project is governed by the
document known as the ”Tech;ical Guide for the Design and Analysis of Seismic
Category [ Cable Tray Support Systems" (Reference 4. ). The team's effort
in the area of the cable tray support design included a review of the technical
ccntent and details contained in this Guide as well as the execution of the
design. The Guide is considered to be a controlled design document for the
project on the basis that individual copies of the Guide are assigned to
specific individuals by copy number. The development of this technical guide
was the responsibility of the Mechanical Analysis Group which is a staff group

reporting to the Chief Engineer of Power,

The analysis and design procedures provided in the Guide are the result of
combining the results of actual test data for various compenencs or elements
of the tray support system with analytical procedures and the use, in many

instances,, a bounding type assumption in order to realize a workable design

A
procedure so that each and very design solution is not unique. A review was
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made of the specific FSAR commitments regarding the design of the cable tray
support system, The relevant commitments were noted to be in Sections 1.8,
3.2, 3.7.3, Table 3.7(8)-23, 8.1 and 8.3 of the FSAR., Certain aspects of
conformance to these commitments were reviewed and discussed by the NRC's
0ffice of Nuclear Reactor Regulation prior to the team's effort (Reference
4. ). The team's effort was to interface with completed actions by NRR
and their understanding of the design execution and to verify that the

supports to the trays were indeed designed as Category I structures.

Only general and very limited commitments were found in the FSAR with regard

to the manner in which the analysis and design of the cable tray support system
would be executed. Note 5 to Table 3.2-1 in the FSAR stated that "qualification
of the conduit and cable tray racewajs for the Class 1E safety related circuits
have been confirmed by analysis, and calculations verify the adequacy of the
systems based on the properties of the raceways (including tray where appli-
cable) and support components.” In Section 3.7.3 of the FSAR one of the methods
of seismic analysis for subsystems noted for the project utilized the cable

tray support system as an example of application of the dynamic analysis

method technique using the mod:1 response spectrum technique. Oiagrams were
orovided in FSAR Figures 3.7(B)-31 and -32 to illustrate a typical §i11ng t0
£loor cable tray support as well as a mathematical model representation which
was used in the dynamic analysis. This constituted the majority of the

analyses and design details provided in the FSAR. Hho inconsistencies between
the FSAR and the Technical Guide were found during the review. The bas{; for

the design of the Category I cabie tray support systems ::;;judged to be well
in B0 SIS '

faunded on a combination of test data and accepted analytical and design processes,
f- 7R
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e
which are based-—on-tesi-data—in—twe—areasy The first,area dealt with the

actualéStaticJBiaxial (combined vertical and horizontal) load testing of
cable tray sections and the utilization of the resulting load-deflection
curves to determine the load capacity at the tray's yield point, the load
capacity at the state of local plastic behavior and then the ultimate load
capacity. The team did not review the documents related to the actual test
program, We did however establish how the allowable cable tray load limits
were developed from the test data. UE&C defined the a1lowa51e loads on the
basis of tray deflections being limited to no more than 12 inches in any

deliec4eonr
direction based on electrical cablenlimitations. The cable tray tests indicated

much lower ﬁugi‘sffﬁ aﬁ%e:‘le ir\/gﬁafdsgfined yield. Tray testing
included ©e two c&nfigurations of trays which would be the most flexible

(the 12" and 24" ladder type). These tests, in addition to the load deflection
curves_also d?ovioed data on the effective member properties which cogld then
be utilized in the structural model for analysis. The simplified structural
models integrated the cable trays and the tray support system, consistent with
the actual design configuration. These models were then utilized in standard
structural analysis technigues to obtain dynamic responses and internal

forces for the structural assemblies. Testing was again utilized by UE&C

to establish the ultimate load capacity,izza%;rious types of loadings including
both levels of seismic)for typical configurations of joints and memdbers. The
load capacity of other structural members such as the cold-formed strut material
or structural steel was established by the manufacturer's data or by use of

“he

N\
existing codes such as AISC, Spewfesttom (Reference & )
A P

-
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The design criteria for the cable tray support system defines three loading
combinations and two stress or behavior levels. Thé dead weight alone and

the dead weight of the ti% plus the cable and the OBE loading are to maintain

the support system in the elastic range. The dead weight of the tray plus the
cable and the SSE loading allows some excursion into the plastic range, yet
assures structural integrity. The design philosophy also encompasses the use

of the largest yet most flexible cable tray configuration so that the resultant
loads into the vertical support members are maximized. The bracing members ¥
are used to increase the fundamental freguency of the system and therefore ~:£i6+

the response away from the peak response region. Damping has been taken as

4% for the OBE and 7% for the SSE which is as provided for in the FSAR.

Section 6.0 of the Guide provides detailed instructions on the execution of

the analysis. It was noted that mass points were required to be located

no further apart than 36" in order to more accurately reflect the behavior

of the tray system which is generally supported at 10 foot spans or less. The
various standard configurations are provided as well as the types of permitted
lateral bracing and the design details which must be addressed for each type.
The various typ(%inc1ude the single support transverse bracing, two sided
bracing, multiple support transverse bracing and axial bracing. Guidance is
also provided on thermal considerations, torsion, buckling as well as welding
and attachment to concrete. For situations where the cable tray support system
is connected to main building structural elements which have different amplified
response spcctrayprovisions are made for using envelope spectra or by a carry-
over type analysis from one response spectra area to another. The dynamic

analysis can be completed using & equivalent static load using the peak value
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with a 1.5 factor or utilize a dynamic analysis/Which #sAin accordance with

approved NRC methods. Documentation requirements are delineated and standard

calculation forms for cable tray supports are provided. <—

s ————"/

. The Appendices to the Technical Guide address in detail the related information

-

-

necessary to perform the design of cable tray support systems.

The sample calculations selected by the team for review to assess the manner

of execution of the design and to assess the adequacy of the resuiting design

.ﬁ:£1; series of calculations related to the lateral support of cable trays

in the Control Building. They were prepared by the Cable Tray Bracing Group

at the Seabrook site in the Site Engineering organization and transmitted by

2 memo dated August 2, 1983 from Site Engineering tc the home office (Referenc:
4._;__). This submittal contained calcu1;t1ons in the*southwest quadrant of

the plan for Elevation 21k1/2' in the Control Building as shown on UE&C Drawing
F-310449 (Reference 4.___ ). The calculations included the analysis and design

for eleven separate sections of multilevel and multibay cable tray supports. 9
Preliminary calculations for Section SW-3 (Reference 4.___) were selected for ) k
review. A1l assumptions were noted and those which required future verification

were so marked such as the assumption that the amplified response spectra are

final. This was found to be consistent with the procedures defining the comple-
tion, control and documentation for calculations. Specifically those procedures
consist of GEDP-0005, "Preparation, Documentation and Control of Calculations”
(Reference 4.___) and AP-22, "Calculations" (Reference 4.____). AP-22 takes

the corporate design procedures contained in GEDP-0005 and defines in more

detail how the intent of GEDP-0005 is to be met for the Seabrrok Project. It




was noted that AP-22, Appendix 0 which addresses the requirements specific to

the Site Engineering group with regards to types of calculations completed,
indicates that the Group is authorized to perform support design modifications
to electrical systems. The work being completed by this group is in fact
modifications to the vertical support system designed in the home office by
the Mechanical Analysis Group (MAG) to accommodate lateral loads. With regard
to GEDP-0005 it is noted that AP-22 would require the work being done by the
Cable Tray Bracing Task Group to follow FACP-10, "Procedure for Site
Calculations" (Reference 4. ) except that it is stated that where required

individual disciplines may use separate guidelines for calculations.

The references utilized in the calculations, whether specific to the project

such as those providing the details, for example of support type vs. the critical

vertical and horizontal frequencies of that configuration to those which include ;

standard text books, handbooks and vendor's catalogs on engineering details
were provided. Two of the three vendor catalog references utilized for strut
material and hardware data utilized in the calculations for Section SW-3 were
used in the verification process by the team, No discrepancies were found
and the interpretation and application of the data was judged to be correct.
It was noted in the calculations that where several individual bents of
laterally unconnected support frames are subsequuntly tied togoﬁécr laterally
through braces that UEAC utilizes the square-root of the sum of the squares
(SHES) method to combine lateral loads. The team had no disagreement with
this concept. In general there appears to be significant margins in the

tray support system due to the simplifying assumptions made to minimize the

number of unioue designs required. For cxamp1o,thc worst tray cross-section
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is used, supports are designed in general for 10' spans of trays, in most
1nstanc.s tﬁ-dftatic load of 15 times the peak of the enveloping response
spoctra and the member/joint type selected usually has a capacity

A
significantly greater than required.

The procedures and execution of the design of the cable tray support system

for lateral loads were reviewed against the requirements of Section 4,.Design

Process, Section 5, Interface Control and Section 7, Document Control of
gﬂuirnncc « )

ANSI N45.2.11-197 Ato which the project is commited (see AP-22, Section 1,

p. 1). The design activities were found to be prescribed in specifications,
procedures and the Technical Guide for this task. These documents provide
adequate, control of the design execution to be complete by the individual
designers. The design assumptions and design fnput were clearly defined and
the associated calculations clearly identifiable by subject, originator,
reviewer and associated dates. The standardized sheets for calculation title
sheet, calculation control sheet, table of contents, status of revisions,
assumptions and references has resulted in complete and fully adequate
calculation packages. The interfaces are well defined and understood as the
information flows from the electrical group, MAG and the Site Engineering
group. The lines of communication were judged to be well defined and
established. The documentation examined proved an excellent example of a package
of work completed by Site Engineering, Cable Tray Bracing Group and transmitted
to MAG for final review and concurrence as well as integration into the total

package of calculations for the cable tray support system,
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Based on the team's review of this specific area of engineering and design
effort UESC's design control appeared to be very good. No findings were made.
A1l licensing design commitments selected for review were reflected in the
design documents being utilized for the project. In addition, more detailed
design criteria and procedures have been developed and are being utilized
on the project. The design process has been quite clearly defined and developed
in the Technical Guide for the Design and Analysis of Seismic Category-!
Cable Tray Support Systeins. Correct design inputs and design information have
resulted from the systematic application of the Technical Guide based on the
team's review. The specific review of Section SW-3 of the cable tray gipport
resulted 4 o on “hat Yhe deGign was

system in the Control Building uag\gotcrmin‘#'to—bsﬁfu1ly a&zquatc. It was
apparent that a great deal of engineering effort was expended,including
substantial testing where it was apparently determined that actual test data

» n Mo evolton o€ B alns.on ,.,c/ur(e
would add to the reliability of the engineering and design process, A Whether
this was a joint decision by UESC and YAEC/PSNM or a singular decision, the
project is tc be comended for a well organized design process for cable tray
support systems and one which is adequately controlled based on the team's

Timited sample.
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4.6 Design of Supported I&C Systems

The objective of this portion of the inspection was to determine for a sample

of instrumentation and control systems whether:

b 2n2/ys;'s and design  wes
(1) tthe equipu.a:_paocuaonong«process 4ﬁ,fxecuted in accordance with the

appropriate procedures and in conformance with the guidelines contained
0174 >nd

A‘gcpft‘ COme»1/ /n
in thgqoua ity Assurance Manual,

re/atee/ o The Juppr# e He TEC .373'}‘»'3'
(2) ¥Correct design information has been coordinated and complete interfaces

made in a controlled design process, ond
L]

4F Sve 7&
(3) §The completed designAwas adé::;te.

The equipment selected for this inspection was an 1?strumentation rack designated
& ’ =
as MM-IR-14, located in the equipment vault a}tglevation 3'2, west of Column

Line D and north of Column Line 1.

) ‘

!
The purchasing of the equipment such as this rack is Egntrolled by the Admini- ]
strative Procedure (A?) No. 18, dated May 31, 1974;\ This procedure has been ¢
; (e  m—
revised several times, the last being Revision 5, dated November 1, 1983, It ¥

describes the procedure for preparation of the suggested bidders 1ist, material
requisition, bid analysis approval by the Yankee Atomic Electric Company(/ﬁﬂttkg),

issuance of purchase order and change orders.
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The provisions of the AP-18 are coordinated with the AP-36, "Control of Seismic

Design", issued on May 14, 1980, the current issue being Revision 2, dated 44v"
befercnce &+ ).

October 14, 1983, This procedure addresses the control of seismic analysis lo"z

and seismic design of structures, systems and components and defines the

responsibilities of the project personnel and staff groups for the Seabrook

project. It also describes the requirements for the development and control

of amplified response spectra (ARS) in accordance with General Engineering

and Design Procedure (GEDP)-OOIZif:xcopt :;;.;;;;:;1;ns as identified in

AP-Z,@. "General Engineering and Design Procedure (Seabrook),{&aérance )

From the documents which we have reviewed it appears that the pivoggé'figure
in the interfacing between various disciplines is the Coordinator of Seismic
Design (CSD). His role has been mentioned briefly in Section 4.2 in connection
with developmenf of ARS for piping supports. Similarly, in the case of equip-
ment supports, the CSD becomes the nerve center of coordination of the design
effort in interfacing between project personnel, Structural Analysis Group
(SAG), Mechanical Analysis Group (MAG), and Pipe Support Group (PSG). The
team judged that introduction of this position in the organization of the staff
of UEAC greatly improved coordination of the activities related to the design
of structures, systems and components since many separate groups are involved
in the complete design process. ~ B
M -
In case oﬂﬂlR-14, the [4C Group issued a Staff Work Request (SNRl‘:: MAG, to
revise response spectra in order to incorporate instrumentation radés{ vhich
included Rack No. 14. MAG responded that the ARS tables are not available

and requested the Seismic Design Coordinator (CDS) to originate the ARS for
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the rack at the specified location. The next action was from CDS to the SAG
group requesting that the ARS be generated. Upon receipt of the ARS from the
SAG, they were distributed to various disciplines, MAG being one of the
recipients. Following the provisions of AP-36,MAG developed the loads at

the anchor points which have been used, through the SOC, by the structural
discipline 16::;sign of the structural steel framing at the location of the
rack. Meanwhile, MAG reviewed the vendors seismic ocualification report with

respect to specification for the rack and was found to be acceptable.

We verified that the ARS values -used by the-Mechanical-Analysis Group<MAG)
were those provided by the-StructuratAmatysTS Group$SAG) through the Setsmic-
-Design—Coordinatorg30CY as required by the AP-36. We also verified that the
values of the final anchor loads generated by the MAG have been based on the
information obtained from the vendor's drawings and that they were used by
the structural discipiine staff 1n2ﬂ:sign of the structural members.
;’;o,;‘j? We reviewed the method of development of the ARS by discussiomi with the
’ f¢1 ///’ cognizant engineers of ﬁhé/SAG and by reviewing the method as described in .
-ﬁfﬁij mz the Controlled ARS Tables entitled "Amplified Response Spectra for Seismic % ¢

o ?Met € —).
\j:jfi’///Catcgory I Structures,{ These tables undergo controlled updating and

i\ .
distribution in accordance with nistrative Procedure No. 23, "Controlled
e4.____——-—-.
Documentsf,\ng various steps 11Tustrating the complex system of interfacing
between various groups and project disciplines is shown in Figure X. It
illustrates the complexity of the problem and also shows the vital role of

the coordinator of seismic design (£58) in the process. It has been pointed
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the
out previously (see Section 4.2) that in the pastakack of the CSD was responsi-

ble for use of incorrect seismic amplified response spectra. The team found
evidence of such a design deficiency, which occurred as late as in 1979, in
the areas of seismic design of safety re]a;ed components supported by the
containment annulus steel frames. By memorandum SBU-31426, dated November 6,
1979%&%"&5&»@’5’?2& project manager, YAEC, that the amplified response
spectra used in the design was that for the annular steel frame which should
have been used. It has been also found that the amplified response spectra
for the annulus steel frame had "g" values greater than that used in the
component design. The same memorandum informed the project manager that in
order to ensure that other discrepancies do not exist in the seismic design,
an audit would be performed to ensure that the proper amplified response
spectra were used of all items on the Seabrook project. In the case of the
Seabrook project it appears that a satisfactory design has been achieved without
significant changes to the component. We consider the above as an excellent
illustration of the importance of good coordination of design effort between
various disciplines in a project of the size and complexity of a nuclear

plant.

The amplified response spectra (ARs) are computed by means of a time-history

é)ky) seismic analysis. The overall dynamic response of the structure is

determined by analyzing a model formed by lumping the mass of the structure

and the non-movable equipment. These masses a‘e,in most cases,1umped at the
clevations.

floor devet; AThe masses are connected by weightless elastic beams which

represent the structural members between mass points. Torsion is accounted

for by considering the eccentricity betwen the center of mass and the center
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n”
of rigidity. Floor slabs are assumed to be rigid in their own plaﬂe.
componan?
Each structure is analyzed for two horizontal compenents and one vertica[4for
0BE and SSE magnitudes of ground mot1on_endffﬁe common response from the three

components are combined by the square-root-of-the-sum-of-squares (SRSS) method.

~Local amplification of overall response e‘g computed by one of the two methods.
/
[

B

In the first method, the slabs, beams and columns are evaluated for a range of
frequencies selected for all local frequencies below 33 Hz. An overall stick
model is then generated in such a way that at each elevation examined, the
summation of the weight of the single-degree-of-freedom (SDOF) modes and the
sqﬁ:k mode! mode equals the total weight. The single degree of freedom systems,
representing the computed range of local frequencies are connected to the overall
stick model as if they were all rigid. The stick model (including the SDOF's)

is then analyzed using the ground motion artificial time history as the input

forcing function.

The other method consists of performing a dynamic analysis, using finite
lements, in sufficie t detail to predict local modes of vibration. In this
case the input forcing functicn, at the elevation of the structural element,

is the response time history from the overall stick model.

The frequency and time history anaiyses are performed using the STARDYNE
computer program. As a result, the maximum respcnse of a series of SDOF

oscillators is obtained, over a range of frequencies and the plot of these
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values is the amplified response spectrum, which is generated using the SAGO58

(Beterence ¥ :
computer programa The SAGOS54ytomputer code is then used to generate ARS tables

Ceterence F. ——
by enveloping raw curves(;enerated S} SAGO58 and spreading the peaks by 10

percent or more in accordance with the requirements of Regulatory Guide 1.122.

<j:: found that the methods of generating the amplified response spectra described

above are acceptable.
-\ a 5!5»4.&{[

W v Mo
'mavumj ‘) . ‘(":F |

While reviewing the seismid modelluseé by SAG to generate the ARS we noted
21pProxime
that the location of the platform a§<5§evat1on 3' 2 was incorrect when compared
Cetorence + m—
to the structural drawing F-101558, Rev. 6, dated 7/9/82, Since the mode
iteself was dimensioned correctlx,the relative displacement of the model in
relation to the reference points will not affect the results of the SAG's
.Exar,\j
analysis. We found, however, that an observation is in order to point out 7(:;Pﬂ~/£.,
the apparent lack of attention to the details on the part of the SAG analyst Obs ¢ ufo
Q"\a - ( - "Ony
and the checker (Observation4.49). \ P

—

In our inspection we observed that the structural design drawings Nos. F-101558

and F-101562 have been released for construction on September 28, 1976 and
(Ceferences F ad F —

July 6, 1978Arespect1vely and the structural gpsi n calculations, €alculation

e -,
PB-76 have been completed on December 1, 1983, We reques;’!'that the original

structural design calculations, from which the above design drawings were

prepared and the members fabricated and 1nstalled,be presented for inspection.

The original design calculations could not be found and we concluded that

the absence of such computations constitutes violation o¥ AP No. 22, "Calculations"

(Beterepce & ——
Section 2.3.1, Revision 5, October 1, 197§4(F1nding 4.20).
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Review of the Calculation No. PB-76, Rev. 0, dated December 1, 1983 revealed
that when the designer considered different load combination equation involving

seismic loads (OBE or SSE) the live lcad had been omitted. We considered this

to be in violation of "Structural Design Criteria" SD-66 Rev. 1, November 30,
terence F. o),
1982, Section 4.2.1 and Table 5.4-2, 4 We discussed this matter with the staff
/\

of the Structural Discipline. They presented an argument that this is consistent
with sound engineering practice since during operation of the plant there

will be no load (such as people or material) which could be classified as

live load. Furthermore, the footnote pertaining to Table 4.2-1, of SD-66,
"Uniformiy Distributed Live Load" states that: "Uniformly distributed live

"

load" shall not be considered with seismic load conditions except loads which

ct .
revealsg that with two

.

are marked "Permanent". Examimination of Table 4.2-
approx. matel

exceptions (150 psf i itrol building at Elevation”(+) 9'«%") the only live

load listed as "permanent" is snow. In our opinion, such a classification

of the 1ive load practically eliminates consideration of live load from

structural design in combination with seismic loads. This is contrary to the

statement in FSAR Section 3.8.4.3.a.1(b), "live loads" which states that

“Live loads are al! temporary gravity loads including but not limited to

normal snow loads, conventionally distributed and concentrated floor loads,

and movable equipment loads, such as cranes and hoists". Additionally,

omission of 1ive loads from load combination equaticns violates the require-

ments of Section 4.2.1 of the SD-66 which states that "except for the

Administration and Service Buildings the minimum live load shall be 100 PSF".

We do not object to the statement in the same section of the SD-66 which states

that "When actual equipment loads are used, uniformly distributed live loads

>
need not be applied to the area covered by the equipment. In the final analyses
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the actual equipment loads may be used unless estimated uniformly distributed
live loads are greater than the actual loads, in which case the members designed
with estimated loads may be revised or left as originally designed". We do,
however, find it objectionable to remove live loads from the areas away from

the equipment.

We asked the staff if the floor 1ive loads presently are or will be posted

in order to prevent an inadvertent overloading on any area and we have been
informed that they are not posted now and that such action is not planned for
the future. <£onsequentiy—to-the—ebove finding regarding 1i1ve loads has—been

f Htee—{Finding 423~ From the discussions which we had with the UESC staff
we infer that omission of live loads in combination with seismic loads is a
*ﬁ;EOIution of this issue an audit

A
be initiated which would assure that the affected structural members are not

wide spread practice and we recommend that in

overstressed when subjected to the load combinations including Tive and seismic

loads. 7he s om.ss;on o /fve fozels ir combrston wiH Sersmic

lozds in ,‘/‘/oorzf-e.,s ”O)L (_‘auefd v o MOﬁ" /s ConS'/'a/Gf'&/
o ébe 2 v,-a/afe'on o¥ e sﬁ‘ud)’.Z/ Zsl/;ﬂ Cf‘i/ﬂ“f}/gna(f’ ¢,23)_ l

During a tour of the plant, we observed that one leg of the instrumentation
M- <, .~ y

rack,IR-14 in the Auxiliary Building Equipment Vault at,Elevation 3'2 is

resting on a 1/2 1nc€:$f:%; instead of the structural member, C10x15.3 as

assumed in the design (Calculation see-f& PB-76, Rev. 0, dated December 1,

;98§Q. Tg?: co;?;;;;;iion forms a cantilever with respect to the channel.

We concluded that this is contrary to a sound engineering design and

recommended that a vertical stiffener plate be provided, welded to the channel,

and under the leg of the rack to carry the load to the channel. The reasons

for this recommendation are as follows:
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a) The ARS have been developed for the supporting structural member not the
plate and therefore the dynamic response of the plate supporting the rack

will be different from what it has been designed for, and

b) The leg of the rack is situated at the corner of an opening in the plate
or;en

platform which has been cut out to accommodate vertically =unnéng&cab1es.

This may be responsible for stress concentration.(” We reviewed the Tevel

;lt—-—"""__—---_-""‘

of stresses in the plate platform supporting the rack and we found that

they are low with respect to the code allowables. For this reason and
because the situation just .described did not violate any requirements
flf’ ﬁf k
hat—£iling

regarding existing codes or procedures we did not consider t

of a finding wouid-be—approprieta. We do believe, however, that providing

a stiffener plate as described above would improve the design.
In symmar;. it appears that the process of procurement, and design of supported
instrumentation and control systems is well managed and design controls are
handled in an effective and efficieﬁi‘ way. It would appear from Figure X
that the?%lterfacing between different disciplines and staff groups could te
more stre&mlined,but taking into consideration complexity of the problem one
can run into a-danger of oversimplifying the procedures and bypassing important

quality controls which might result in serious inadequacies of design.
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Notes on Figqure X

Generation of Anchor Loads

. 2,0//'01/&9’4/7
1. I&C requests MAG to provide ARS at a specific location (Elev. 3'&P) for

~MM-R-14,

mm =
2. The ARS for theAIR-14 were not available, therefore MAG requested CSD to

generate the ARS.
3. CSD transmitted the request to SAG.
4, SAG generated the ARS and transmitted the information to CSOD.

5. CSD distributes the ARS to project discipline and staff groups. Advanced

copies immediately, controiled copies approximately every six months.

6. I&C provides ARS to the vendor for preparation of seismic qualification
report (SQR). -
A_/

£

~

7. Vendor prepares SQR and submits it to I&C for review.
8. 1&C forwards the SQR to MAG for review and approval.

§, MAG notifies I&C of acceptability of the SQR.



10.

11.

12.

MAG generates anchor loads and transmits them to the CSD.

CSD transmits the anchor loads to the structural discipline for design/

verification of structural members.

Structural discipline prepares the design calculation and the drawings

and releases it for fabrication and construction.
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4.7 Subcontractors Off-Site

The objectives of this portion cf the report were to ascertain:

(1) How the licensee's design commitments being implemented by UE&C were being
transmitted and used as input for implementation by several off-site

contractors.

(2) The level of control maintained by UCAC over the subcontractor as well

as the actual performance of the subcontractor.

'3) The manner in which the subcontractor performed and controlled activities

impacting the design of the facility.

In order to complete this phase of the inspection effort a selection was made
from a Tist of subcontractors doing work in the design, engineerin§ and services
area of the project. The first subcontractor selected was Prof. Ed Burdette
(test verificatiun of certain design assumptions) who was chosen on the basis

of an example of direct design related services. The second and third sub-
contractors were selected on the basis of the volume of work as well as the

fact that both represented the next step in the design process beyond the

basic design engineering effort completed by UE&C. These were William J.
Lester, Inc. (structural steel detailing) and Bethlehem Steel Corporation

(detailing, furnishing and fabricating reinforcing steel).



<« 7-C

Burdette Consulting Contract:

In 1980, United Engineers and Constructors (UE&C) contracted Prcfessor Edwin G.
Burdette of University of Tennessee, to perform certain tests to establish the
load-displacement relationship of the liner plate anchorage system to be embedded
on the concrete containment. The objective of these tests was to demonstrate

the adequacy of the liner anchorage system to meet the requirements of the ASHE
Code, Section IIl, Division 2. We reviewed the available documents pertinent to
the tests provided by UE&C. The test program was administered as a part of the
Purchase Order No. H.0. 56971, Change Order No. 1, dated 9/29/80 (Ref. :

The Procedure for Containment Liner Anchor Load Test (Ref. ), required that
the specimens be preparei on the Seabrook plant site using the procedures and
material approved for construction of the containment structures and shipped to
the UBiversity of Tennessee for testing. These specimens consisted of 3'-4' «x
3'-0" x 2'-3" high concrete blocks with the liner plate attached to the 3'-4" x
3'-0" top face. The embedded anchors ccnsisted of tees 12 inches long and the
two studs, 3/4 inch diameter and 12 inches long. We concluded that the specimens
. used in the tests adequately represented the containment structure and the liner

with its embedment system.

The test procedure required that all measuring and test eduipment be calibrated
before testing and evidence of calibration be available for review. At our
request, we were provided with a Testing Machine Verification Certificate,
(Ref. ) which stated that the 120,000 1b. capacity machine, belonging to
University of Tennessee, had been calibrated and the loading ranges have been

found accurate with tolerances ranging from 0.42 to 0.83 percent. The cali-
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bration was performed by the Tinius Olse; Testing Machine Company, Inc., of
Willow Grove, Pennsylvania on June 10, 1980. The load cells output readings
found in the report were based on the load readings from the same testing
machine referencing the same calibration date.

s o e 6440*‘ fest™
We concluded that there was sufficient evidence of adequate quality control

and that the tests were conducted with an adequate standard of reliability.
Bethiehem Steel Corporation:

The basis of the subcontracted services and in this case material, to Bethlehem
Steel Corporation (Behtlehem) by UE&C was the UEAC document, "Specification

for Furnishing, Detailing, Fabricating and Delivering Reinforcing Bars"
(Reference 4. ). This document was issued originally as Rev. 0, 1/24/74

and has undergone ten revisions since that time. A detailed review of the
important design information relative to this specification was made by the
team with respect to the design commitments of the FSAR and the discussion

was noted previously in Sectioq 4.4 of this report. Since the Seabrook project
was committed to use the ASME Boiler and Pressure Vessel Code, Section III,
Div. 2, the specification imposed stringent requirements for quality assurance.
No distinction was made in the specification so thét all work and material
supplied by Bethlehem was to conform to the ASME Code. The team placed
specific emphasis on the manner in which Section CC-2700, Materials
Manufacturer's Quality Assurance Programs, were reviewed, accepted and imple-
mented under the requirements of the specification. -The rason for this was

due to the fact that the Seabrook Project represents the first incorporation
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of the ASME Code, Div. 2 into a plant proceeding to completion. Bethlehem,
prior to the start of the Seabrook project, had addressed 10 CFR 50, Appendix

B in a quality assurance manual which was undergoing rework early in 1974,

An.early version of the Bethlehem Quality Assurance Manual was submitted with
the bid in January of 1974 and subsequently reviewed by UE&C. As a result of
this review a series of meetings and discussions ensued in order to obtain

conformance with the specification. In addition, to meetings held at UEAC

ey %

offices on January 23, 1974, meetings and reviews were he;géét the Philadefphia
Bar Shop of Bethlehem where a QA Audit check Tist was used to perform a
Facility Survey conducted by a QA Audit Engineer from both YAEC and UEAC.

The following day similar discussions and audit activities were held at the

Steelton, Pa. facility of Bethlehem.

The results of these discussions and audits were documented by YAEC and UE&C
as well as by Bethlehem (References and , respectively). The Bethlehem

report highlighted the following items.

(1) Interpretations of quality assurance by YAEC and UE&C is more stringent

than any seen to date.

(2) QA Manual submitted with the Bethlehem bid proposal was concidered

unacceptable in its form at that time because of:

(a) Separation of QA for steel production and detailing/fabricating

not clear.
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(b) Certain items should be removed from the QA Manual and dcveloped
into written quality procedures including such items as tes.ing,
instrument calibration, drawing and detailing standards and
document checking, review and approval.

(¢c) Needed improvements in document control.

(d) Needed clarification of stop work authority and chain of command.

(e) Needed clarification on control of non-conforming material and iden-
o Pl ]

¢« / l - ;
tification of material by heats and control & ident nTon 2Ter desrication

(f) Definitive information on the control of quality in the Engineering

Department.
(g) Needed personnel/position descriptions and individuals' dualifications.
(h) Needed changes n thg Bethlehem Nonconforming Material Report forms.
The report ended with the following statements.
"J. W. Singleton (YAEC) invited us to visit their facility for general

review of any of the Quality Assurance Manuals in their possession as

an aid in our preparation of manuals.
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It appears that our present thinking of the Quality Assurance Manual

is right on line provided we have documented quality centrol procedures
available such as described above. I believe they have given us some
good pointers which should be to our advantage in the future if we

implement them now."

Following these efforts Beﬂ@lehem continued to work toward achieving an
upgraded quality system including a revised QA Manual and a series of
quality procedures based on the interfacing which had been taking place
between the three major parties on the reinforcing steel. At the same
time Bethiehem was providing comments to UEAC on the specification which
hac been issued for bidding purposes. A series of correspondence was
reviewed in the Bethlenhem Seabrook project correspondnece file (File
Folders 1-4) over the period from January 1974 through the date of the
contract, May 15, 1974 to October 25, 1976 when the Bethlehem QA Program
for Seabrook 1 and 2, Rev. 2, 9/26/76 was approved for Fabricated Rein-
forcing. These documents included other audits performed by UE&C at the
various locations where Bethlehem was doing or was to perform work on
the Seabrook Project. These documents are included as references to this
report (References 4. through 4. ). The first transmittal of
engineering drawings to Bethlehem w:::- on July 18, 1975 (Reference 4. )

and reian‘f&fhing stegl‘,was au‘ho;‘zed by UEAC on June 3, 1976 (Reference

A
4, ). It was noted in reviewing the information related to work being
processed in the various Bethlehem facilities that the first reinforcing
steel shipment was made from Bethlehem's Boston Shop on August 3, 1976

which was prior to the approval of the QA Program by about 3 months.

Now bt



In addition to the detailed review of the controls exercised by UE&C over

Bethlehem in performance under the contract and the technical and quality
requirements of the specification, the team reviewed selected portions of
Bethlehem Quality Assurance Manual, the Standard Quality Assurance Program
Manual for Fabricated Reinforcing Bars, the Facility Manuals and the Quality
Assurance Procedures Manual for Fabricated Reinforcing Bars (References 4.

and 4, ).

The QA Manual (Steel Plants) provides the statements of quality policy for the
entire Steel Operations Group and functions as a single source document. .
Quality manuals, procedures and instructions at individual plants and shops
emanate from this QA Manual. The responsibility for quality programs for the
corporation rests with the Office of the Chief Metallurgical Engineer of
Steel Operations. As part of the Bethlehem Plant Committee System there is

a Corporate Quality Assurance Subcommittee which serves to develop and
coordinate quality assurance policy. The Bethlehem QA Manual is in a form so
as to address several MIL Standards, ANSI N45.2, ASME B&PV Code, Section III
and 10 CFR 50, Appendix B. Segtion 5 of the Manual includes the specifics

of the corporate policy on the quality assurance program as applied to
fabricated reinforcing bar. In summary, the following points are addressed

in the Manual,.

(1) Fabricated Rebar Quality Program is coordinated by the Reinforcing

Bar Engineering Group.
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(2) The QA Program for Reinforcing Bar Fabricating Shops is consistent at

all shops in the country.

(3) The Chief Metallurgist at each plant coordinates reinforcing bar QA
policy but at shops (fabrication only) it is addressed by on-site

Engineering or a separate quality group.

(4) Audits, final disposition of corrective action and control of records
are performed by the Bethliehem Home Office Reinforcing Bar Engineering

Group.

(5) The management review fcr the Fabricated Reinforcing Bar QA Systems is

performed by the Corporate CA Coordinator.

The Standard QA Program Manual for Fabricated Reinforcing Bars addresses fifteen
of the eighteen criteria of 10 CFR 50, Appendix B, noting that Secticns III,

IX ana XIV which are Design Control, Control of Special Processeﬁ,and Inspection,

Vv

Test and Operating Status respectively, do not apply to the services or products
of Bethlehem Steel Corporation. The team did not disagree with the exceptions
taken by Bethlehem. The Manual provides a description of the QA organization
and the authorities, responsibilities and duties of persons performing the

QA functions. It also sets forth the Bethlehem policies for satisfying the

QA Program requirements and references the other Bethlehem procedure manuais
which describe, in detail, the procedures and instructions for accomplishing

the activity.
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The manner in which the QA Program Manual for Fabricated Reinforcing Bars
becomes a specific quality document on a project is that during the proposal

or bid stage the Standard Manual is submitted as an uncontrolled document

and forms the basis for specific project quality assurance items relative

to the contract. With contract award the manual is amended, if required, using
an appendix to provide conformance with the client's specific project quality
assurance program. At that time, the Manual becomes a controlled quality

document.

Bethlehem's next level of control consists of a series of Facility Procedure
Manuals aporopriate for a given activity and a given Bethlehem facility. These
address three basic activities: steel production, detailing reinforcing steel

and fabrication of reinforcing steel.

The remaining Procedure Manual is known as the Quality Assuraoce Procedures
Manual for Fabricated Reinforcing Bars. This is a standard manual which
details the procedures required to implement the QA Program Manual for
Fabricated Reinforcing Bars ingluding the monitoring of the work procedures

of the facility manuals for detailing and fabricating reinforcing bars.

The team reviewed selected portions of these manualis in order to assess the
velity system
programmatic aspects of Bethlehem's arogrusqend then to assess manner in which
led
Bethlehem has performed and controlhits activities which impacted the design
of the Seabrook facility ueder—thetrprogeam. The following sections of the

Standard Quality Assurance Program Manual for Fabricated Reinforcing Bars were
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reviewed for conformance to 10 CFR 50, Appendix B for the spacific use in

reinforcing steel detailing and fabricating activities.

Section Title Rev. No. Date
4 Instructions and Procedures 2 1/1/79
5 Document Control 2 1/1/79
g Inspection 2 1/1/79
12 Nonconforming Materials 2 1/1/79
13 Corrective Action 2 1/1/79
14 Quality Assurance Records 2‘. 171779
15 Audits 2 1/1/79
16 Special Contract Requirements 2 171779

H

including Appendix A, Special Quality 4/26/79
Assurance Requirements for Seabrook

Station

Several items are of note as a result of the review of these manual sections.

Section 8.2 related to the Engineering Department requires a scheduled review

to be conducted on the current work of each detailer assigned to nuclear projects.

The review is conducted to assure conformance to ACI, CRSI, Bethlehem Steel
Corporation Standard and the project specifications. This was viewed by the
team to reflect Bethlehem's full commitment to a quality system and assuring
that the detailing of reinforcing steel is being done as required by the Project
documents. In Appendix A the special requirements imposed by UE&C in Section

3.2 of the specification related to Cadweld sleeve criteria fit were reflected.
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The requirements of CC-5340 of the ASME Code regarding visual examination for
transverse cracks which were part of the specification were also reflected

in the special requirements of Appendix A. With regard to bar testing,
Bethlehem included in Appendix A a procedure defining the mechanical testing
of reinforcing bar to meet ASTM A615, the ASME Code, Regulatory Guide 1.15, ift?&%7
and the specification. Also contained in the Appendix is a commentary on the ‘4
Reinforcing Steel QA program, mainly emphasizing the traceability of material

from the tiime it is produced in the steel mill to the time it is fabricated,

shipped, received and stored on-site.

With the Quality Assurance Procedures Manual for Fabricated Reinforcing Bars

the following procecures were reviewed.

Procedure Title Rev. No. Date
§i Document Control : 3 219
[11 Review of Placing Drawings 3 2/1/78
IV Inspection . 4 2/1/79
VIl Nonconforming Items 3 2/1/79
VIII Corrective Action 2 2/1/79
X Audits - 2/1/79

A1l of these procedures were noted as being very comprehensive and detailed
and provide an excellent tool for the personnel who must execute these procedures

as well as those who use them in the review, inspection and audit functions.
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Two additional procedures, which were specifically associated with the work
completed for the Seabrook project were reviewed. The first was "Quality
Contro! Procedure for Fabricated Reinforcing Bars for the Bethlehem Plant,
Engineering Department, Cetailing," Procedure No. I., Rev. 1, 6/1/81 (Reference
4._). The second was the "Quality Control Procedure for Steel Operations

For In Plant Shop for Fabricating,"” Procedur?égaéfi. Re:£ 0, 10/14/77 and the
Addendum for Steelton Plant, Rev. 0, 11/28/77,:!The;;eweré—;;téd to be adequate
to control the detailing and fabricating work that was done and is still

underway.

In addition to reviewing the specifications and manuals documenting quality
contrel anc compliance with the pertinent codes and standards, we &lsc reviewec
shop drawings, generated at the Bethlehem Steel offices in crder to verify
their conformance with the design drawings produced by UESC.

. were
We learned froem the Bethlehem staff that the reinforcing steel which have-
been detailed gt the Bethlehem home office were for the following elements of

the containment structures:
(1) Reactor Pit
(2) Containment slab, E1. (-)26'

(3) Personnel and equipment hatch
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(4) Containment dome - Unit #1 has been completed, Unit #2 is being worked on.
Exotic bars (around cpenings and out of plane bending) are detailed at the

Philadelphia office.
(5§) Primary shield wall, approximate elevations (-)25' to (=)2'
(6) Containment building slab, E1. Q'

Detailing of reinforcing bars for cther structures has been done either &t the
Boston or Philadelphia offices.  During our inspection in Bethiehem, Pa.,

we reviewec some of the cdrewings pertaining to the reactor pit ard the contain-
ment dome, Elevation 119’{:the spring 11néfand:;%ex. The Tist of drawings
which rave beer reviewec curing the, inspection is containec irn Section 7.4.1
(References 4. _to 4. __ ', \e ha¥é;3;;a informec thc: the mejor difference
betweer. the Unit ! anc Unit 2 drawings is the fact that in Unit 2, by

increasing the length of some of the reinforcing bars, the number of caldweld

voaved his as an ecomdr b oF be?F

splices has been recuced.
P S Al cr‘!‘c7/7 PR 5

CREC a2me vE¥E#C Jﬂ)é/”? /MPI‘U"‘"’"""‘
Due to complexity of the reinforcing in the congested area of tne reactor

pit, the detailing was done using a model, which was built by UE&C, showing
all the reinforcing steel in actual position. The Bethlehem detailers studied

the model and then generated the shop drawings.

While reviewing Betilehem Drawing No. O17RM31, Rev. 4, datec December 5, 1978
(Reference 4.__) and comparing it with the corresponding UEC design drawing,
Drawing F101402, Rev. 13 dated March 24, 1981 (Reference 4._ ), we observed
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that the spacing of the horizontal stirrups which on the design drawing was
wheras +he spacing was

16" apart was—shows on the detailed shop draw1nqﬁft 8" apart. The total
amount of the reinforcing steel remained unchanged in spite of the change

in spacing. The design drawing had not been updated to reflect the change
in spacing. The reinforcing steel remaf;A;signated in the design drawing as
2x4-#6 @ 16", We found that this is a violation of Administrative Procedure
#29, "Document Control - Foreign Print System" Secticn 8.6.2, Rev. 7, dated
April 12, 1983 (Reference 4._). In all of the drawings reviewed this was
the cnly case where & discrepancy be*ween the design and shop drawing eétﬁir
+e found. This was noted as a finding, but had no generic implications and

T De 4

- » ° »
was judged ar isciated instance of lack of censistency and maintazin up to

. : 3 ’ 2 e
dete cucuments (Finding 4-21). CE €72 Ae mo/ rec.ze he eror ’/“"7

b peHlecf oF 5 /u7 War
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A review was made of the nonconformances issued against two of the shops within
the Bethlehem organization which provided scme of the fabricated material to
the Seabrook facility. NCR's for the Albany Shop for 1982 were examined.

Four separate reports had been issued, three of which related to incorrect
bends which resulted in scrapping the material and rebending from new bar stock
and the fourth being an incorrectly recorded heat number which was corrected.
NCR's for the Steelton Shop for 1983 were examined. Eleven separate reports
had been issued. Of these eleven, five involved bending errors, three involved
cutting tolerances, and one each involved a detailing error, mislabeling and
missing bars from a bundle. Based on the size of bar and the tonrage of rein-
forcing steel involved the team judged the number of non-conforriances to be low.
I, all cases corrective action was taken before any of the noh-conforming items

had been incorporated into any safety-related structures.
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Based on the review completed and the work cbserved the team concluded that

the licensee's design commitments had been clearly transmitted to Bethlehem

via the specification and the engineering drawings and details. Letter and
meeting communications also served as an important part of the total process

of providing design interfacing and design input. Bethlehem was viewed to have
in-place a good quality system with appropriate quality standards and procedures.
The team's sample review indicated that Bethlehem had also executed these pro-
cedures well. A system for the review of shop and placing drawings existed

as was being effectively implemented in accordance with the Cuality Assurance
Procedures Manual. A fully adequate system to document and control the

records and design crenges, thus assuring that all the latest updated input

data was being usec for the development ¢f shop and placement drawing exists.
The Drawing Record Card, the Transmittal Contro! Form Letter and the Order

Entry kecord Card have been the keys to good document anc reccrds contrel.

Eased cn the team's observaticns it ic evident that the Bethlehem audit system
has been effective in icentifying some random errcrs anc assuring that corrective
action has been taken,

WT klde: G

As a result of the team's review and cbservations of the work of Bethlehem

Steel Corporation cn the Seabrook project it is the conc!usioh'cf the team

that the necessary elements of design control have been in existence during

the detailing and fabricating of the reinforcing steel for the plant structures.
Additionally, we have concluded that these controls have been adequately imple-

mented so as to assure safe structures,
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4.8 As Built Conditions and Surveys

The objective of this portion of the inspection was to ascertain:

(1) How the changes generated in as-built conditions such as structures,

systems and compenent are processed by the UE&C and the contractors.

(2) How the final loads resulting from location of pipe supports, electrical
cable trays and ventilating systems, including those not specifically '

considered in the original ‘design, are verified.

(3) How the drawings and identified supporting documents are updated, main-
tained and certified, so that the completed work reflects the as-built

conditions of the plant for future reference.

The team first reviewed the procedures which were in-place to control this
area of plant design and construction. Among the documents which control

as-built conditions of structures, systems and components we reviewed those

Procedure No. 39, "As-Built Documents", issued on November 17,/1980 (Reference

4. ).jAda1n1strative Procedure No. 15, "Changes to Engineering
/" Authorization", issued on September 8, 1977, Revisioh with numerous later

revisions (Reference 1. zleechn1cal Procedure No. 11 (TP-11), "Minimum

which seem to be the most essential in the process. Those ari;/‘Administrative
1

As-Built Record Drawing Listing, issued on April 29, 1983 (Reference 4. |
(:fff;;fAdministrat1on Construction ProcedurethACPg No. 10, "Procedure for

Field Calculations", issued on March 11, 1983 (Reference 4. )} and , FAEP
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move shead ot FACP =10

NUT‘TZ,FProJect Instruction for Handling UE&C/Contractor Nonconformance ;;;2::)

FACPmNe.l,
( or Deficiency Reports", Rev. B, dated July 22, 1983,\(Reference 4. ).

m—————

Currently Administrative Procedure No. 15 has 18 revisions since the original
issue, the latest being dated August 17, 1983. It describes how questions
and changes to design documents, deemed critical to support on-going field
activities, are initiated, processed and resolved. It provides the criteria
which the proposed changes must meet in order tu be approved, the flow charts
which describe the sequenc§ by which various site questions are processed and
the forms which should accompany questions raised by the contractor. The
questions may require an oral response, the response for information response
(RFI) or may require an engineering change authorization (ECA), depending on
complexity of the problem. The classification regarding oral communication,
RFI's and ECA's can be described using the following guidelines:
only :

(1) If the quest1on\requ1res an explanation or clarification, the oral response

is sufficient.

CRET)

(2) Request for 1nformation&fs prepared when an oral response is not sufficient
have
and design documents are not affected which mightabe¢issued by UE&C('site

&
or Home Office) or drawings issued by the manufacturerer veador.

(3) When the question/response requires changes (or exceptions) to engineering
documents, such as drawings, specifications, or calculations, the contactor

submits a proposed ECA.
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The ECA's are subdivided further as follows:

(a) On-The-Spot ECA's which may be used to resolve all the items except
those involving generic problems and those requiring YAEC approval.

Any Minor ECA (see below) may be issued On-The-Spot.

(b) Minor ECA's which are of repetitive in nature, e.g., involving
movement and arrangement of sister splices in congested area to clear
interferences of reinforced steel, modification of approved formwork
or substitution of higher strength bolts than the design requirements,
that have been reviewed and concurred with the Home Office Engineering,

YAEC and QA as being appropriate for release.

(c) Major ECA's are those which are not classified as minor and in turn

they are subdivided into two categories:
1. Major specific case ECA's
2. Major generic case ECA's.

ECA's and RFI's may be revised or voided by modifying and reissuing the ECA/RFI
form or, in certain circumstances, by the use of the Continuation Sheet. On

the Continuation Sheet the affected documnthtingK on the ECA/RFI Z
©

form, ef-all the documents—that must be revised or from which an exception is

taken as a result of an ECA issue -.st be provided. \j>
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One of the important diffei.nces between the RFI's and ECA's is that the RFI's
must not include Affected Documents while the ECA's must include them. Thus
when an RFI becomes an ECA (when it has been decided that the change requires
change of engineering documents) a new ECA/RFI form is issued together with a

Continuation Sheet on which all of the Affected Documents must be listed.

Interdisciplinary coordination of all disciplines involved in the ECA is assured
by the requirement that all disciplines that are responsible for the documents

listed under Affected Documents must review the ECA.

The AP-15 is used together with the AP-39, "As-Built Documents". AP-39 identi-
fies the drawings and other supporting documents to be updated, maintained and
certified that the completed work reflects the as-built conditions of the plant.
This assures that the documents can be effectively used for engineering
reference in the future for various reasons such as future plant operations,
start-up testing, maintenance or modifications. The procedure confains a
listing of UE&C documents to be revised to reflect as-built conditions as
received from the Construction and Start-up departments. Its Attachment

No. 2 provides detailed information in that respect and it addresses inspection
elements, including piping configuration, location of supports, as-built

UE&C construction drawings and as-built tolerances. The procedure provides
very detailed and complete information regarding the type of documents which
must be revised to reflect the*As’Built condition. Included in that category
are vendor documents which must be revised to reflect the "as shipped"
condition of the item. In case of a modification in the field the drawing.

must state what is "field modified" and provide the reference to the foreign
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print which shows the "as shipped" .ondition. Any changes should be processed

in accordance with AP-15.

/”\ AP-39 also provides directions to the UEAC design groups such as the . /:Z

-

\lw Mechanical Analysis Group (MAG) and the Pipe Support Group (PSG) to perform /
»'“‘

Jr'
he final configuration verification analysis documentation for pipe stress ,. , ’
v 2 “—/

0':.:‘//analysis for ASME Safety Class 1, 2, 3 and B31.1 Critical Piping and NNS-1 L

Pipe Supports. The data which should be verified are such as the as-built
stiffnesses of supports and restraints, attachment points of supports of
supports or restraints to the structure, including ARS verification, etc.
As-built documents are processed through the Field Office Document Control
Center (Field DCC) as shown in Figure 4.8-1. Each contractor has the
responsibility to provide the As-built documents. Piping and Pipe Support
As-builts are handled through UE&C Power Engineering. The Field DCC records
the approximate information and processes it further to the Home Office
Document Control Center as shown on the chart. We have been informed that the
AP-39 is under review and the future revision, No. 5, is expected to be issued

by the end of February, 1984, Tke re:sansfér e cb«;es u.-s-'!naf‘
porsved by 7he teaun.

”p’”v
Fhe-precedure, in Attachment No. 3, contains the types of conditions or changes

which do not require as-built information and incorporation into UE&C drawings.
In this category, we found the reinforcing steel changes. Aga-#n% inquired
why an important item like reinforcing steel is not required to be recorded

to reflect as-built conditions and we h#gg:gzou informed that this item applies
to the cases when the amount of steel is the same as stated on the design .

drawings “ut for some reason, usually because of local interferences,some of

»



the reinforcing bars have been moved to one side or the other. We expressed

our opinion that the listing does not restrict the discrepancy between the design

and as-built conditions in any way and such a deviation could consist of

providing reinforcing bars of smaller cross-sectional area, omission Jf+ 4 4
‘ - sSome ofher c&zm‘ve HazT M'jh 1P "*’C-"ij

reinforcement in some area altogehter or etherwise, We did not received a

satisfactory explanation regarding this matter and we consider this a serious

shortcoming of the procedure. We do agree that there are many field situations

where a change in placing of reinforcing bars may be tolerated and even some-

times necessary. We believe, however, that the procedure should qualify

this statement to avoid gross deviations from the design requirements which

could result in an inferior or inadequate structure.

The details of processing as-built documentation

described in the Technical Procedure No. 11 (TP-11), "Minimum As-Built Record

. : $ 1 - . . g ))‘, Ho‘,' Ib‘e’\
Drawing Listing". This procedure was issued on April 29, 1983 and was—never

revised. It is referenced as Appendix No. 4 in the AP-39 and its burpcse is
to interpret the technical requirements of AP-39 and to establish "detailed
identification of the specific UE&C Construction Drawings and UE&C approved
Foreign Prints which shall be AAs-Built¥ by the appropriate Seabrook ¥Field
tOrganizatio5: Additionally, the purpose of TP-11 is to organize the drawing
listing on a Work Package concept to allow effective engineering verification
against the design basis condition and subsequent incorporation of the*As-
built data into the design drawings. The procedure identifies six disciplines
and in each of tiem there are two individuals named as the coordinators:

one in the field and one in the home office.
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Several organizational entities are involved in these programs at UE&C. The
beam verification program, which involves a complete check of the structural
steel, Site Engineering located at the Seabrook site is responsible to respond
to certain ECA's, RFI's and Nonconformance Reports (NCR's). If Site Engineering
does not have a proposed solution to offer, the responsibility fecr resolution of

the item is then with Site Support Engineering at the Philadelphia UE&C offices.

In some instances the Structural Group in the home office may become involved.
{ YAEC also participates in resolution of these items when there is a potential
! for a major impact upon the project or they were responsible for the original

i ;f;i;S' view on the items or activities dnvolved.
d’:f‘“’/(l) Structural Steel Peogram -

The procedures for this program are described in "Guidelines for Beam Veri-

fication", dated September 19, 1983 (Reference 4.___ ). The beam verification

,\\. program was established in order to ensure that all the structural steel beams
are designed for all the imposed loads. The treatment of live load is in con-

‘ x“

, d)fonuance with SD-66 (Reference 1.3), Table 4.2-1. Note 1, to Table 4.2-1 states
e
;; :: that uniformly distributed live load shall not be considered with seismic load
/ conditions except those loads which are marked permanent are included in the

calculations.

The design of the structural steel beams for the Tank Farm Area as provided in

Calculation No. WB-61 (Reference 4.34) was based upon using the uniform snow

load which is considered a permanent live load. In this case the proceduré in
A which temporary uniform live loads are replaced by actual loadings was not

ﬁ?”J.“1 "/'v‘ ‘pp, 1“.
v‘ 'y !
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The beam verification program is subdivided—iase two methods; namely, computer

and manual calculations. The computer calculations are performed using the

STRUDL computer program. The beam to column connections generally are shear

type connections which are made by angles welded to the beams web and field

bolted to the column or girder. Horizontal forces are taken by means of bracing

thus eliminating the need for beam moment connections. The beam to column

connections are; therefore, modeled as hinges.

The loadings used are:

(1) dead load (steel and general dead load)

(2) permanent live load (for seismic inertial loads one-half of the snow
mass i1s used)

(3) seismic amplification

(4) pipe support loads and for piping of 4 inch diameter and larger

(5) uniform loads for piping of less than 4 inch diameter

(6) cable tray ana bus direct loads conduct loads
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The Structural Analysis Group (SAG) has produced Amplified Response Spectra
(ARS's) for various elevations of the building. Vertical ARS's were developed
which accounted for the vertical response of steel beams. These ARS's are used
in order to qualify equipment which may be located on the interior locations.
SAG has also directed that the ARS's be used in the design of the steel beams.

The vertical aécelerations are obtained from ARS's. One ARS will determine

the acceleration at the support while the other will be used to find the
acceleration at mid-span. These vertical acceleration values are developed

from the appropriate vertical ARS's by selecting the 50 Hz frequency response

for the 4% and 7% equipment damping response curves, for the OBE and SSE,
respectively.

The horizontal acceleration values used for beam design are taken from the

33 Hz frequency response for the 4% and 7% equipment damping response curves

for OBE and SSE. From these values, 2 uniform seismic acceleration is established

for design.

Because the bottom flange of structural steel is used for the attachment of pipe
supports, horizontal loads applied normal to the beam axis can cause torsion in
the steel neam. UEA&C's procedure calls for checking whether the supported slab
remains in contact with the top flange of the steel beam. If the beam were to
deflect more than the slab, no capability of transferring torsion to the slab

could be assumed.
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The Tank Farm structural steel has not been addressed by the beam verification
program as yet. The team would recommenr ' thzt 4hic ho done subsequent to any
reanalysis for the seismic loads as described in Section 4.2 and addressed in

Finding 4,17 ).
(2) Reinforced Concrete

No specific overall program currently exists 6& assess the final lvads resulting
on concrete structures which would encompass pipe supports, equipment, cable

trays, and other systems.

Under AP-39 certified As-Built rebar drawings are not required. The footnote
in the Attachment 2 of AP-39 states that contractor drawings will be site
foreign printed, marked for information and turned over to Home Office

YREC
Engineering and/Pwner The method of monitoring and recording of rebars cut

or damaged is described in the Administrative Procedure No. 38, "Cutting

Reinforcing Steel in Permanent Concrete Structure", issued September 5, 1980,
(Qecvc‘ue, 4 "
revised on July 31, 1981f\ Qur inquiries why the drawings affected by the

damaged reinforcing bars are not recorded by the DCC in the field or the
As cdescribed /;,4.,— /¥ was Foune
Home Office did not produce satisfactory results. AAP -38 establishes’ Haft 9’457,4-
¢er-m rS marn-
responsibilities of organizations for approval of cutting reinforcing steel /,,,,‘/ ol

doce.
during dr1iling into permanent plant concrete structures.

%
Procedures for curring reinforcing bars can be divided in two categories:
A
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(a) When Reserve Capacity Forms (the forms which 1ist reinforcing Bars,as

required by calculations, those supplied on drawings and the reserve

excess of the bars) are available for a given Tocation, and
(b) When such forms are not available.

When a Reservice Capacity Form for a given area is not available, the approval

of all reinforcing steel bar cutting must be rev1ewed-:¥3h the si;;::E;:§ﬁ:::$a9-
(Home—Office> of UEAC. They check the design calculations to determine if

there is an adequate margin avatlable to permit the proposed reinforcing bar
cutting, If it is permissible, approval of such a cutting is documented by
engineering change notice (ECA) or nonconformance report (NCR). When a Reserve
Capacity Form for a given location is available,, the Resident Construction
Engineering Group assumes the responsibility for approving cu;ting of reinforcing
steel based on the information contained in the Reserve Capacity Form. AP-38
states, in Section 3.1, that when the Resident Construction Engineering Group
approves reinforcing steel cutting, these approvals are documented on the Site
Approved Change (SAC). We learned that the SAC forms have been since discon-
tinucd.m&%sgerﬁ?mmgmw
Revision 1 of AP-38, dated July 31, 198y Aas /7o7 been v,v/a)@/(%fw"“ﬂ

4-2).
e Lrae
We have been informed by the UE&C staff that since the time whennSAC,(m—-been wos

discontinued changes resulting from cutting of reinforcing steel have been

IS
treated as ecp's.
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We reviewed the "Project Reference Manual" (TP-23) Supplemental Information
Geterenc e ——

for Design Change Program.ABev. 1, dated November 28, 1983 (date of Rev. 0

not listed) which contains a 1ist of Minor Change List (Section X). Since

the list does not include reinforcing steel cutting, we concluded and concurred

with the UEAC staff that these changes must be treated as major ECA's. This

classification reinforces our belfei; that Attachment No. 3 to AP-39 (listing

of types of conditions or changes which do not require as-built information)

should eliminate item 1, "Reinforcing Steel Changes" since such changes might

result from cutting of steel rebars.

In our inspection we selected few specific cases as the examples by which one
could verify how the process of handling the as-built works In one case,
(Beterence ¢ —
*supplied Material Deficiency Report (SMDR) #357 was filed by the contractor
reporting that a structural steel beam has a tear in toe of flange. The case
was processed by the field office and found acceptable. It should be mentioned
that according to Rev. 3 of the FACP-1, dated October 4, 1982, processing of
the SMDR would have been using the same procedure as for the Nonconformance
Report (NCR) and Deficiency Reports (DR). The case discussed here was dated
June 4, 1982 and the Revision 2 of the FACP-I did 2:f‘require concurrence of
the Home Office. The other case, NCR #2584, was‘:;nce};;;; concrete cover
over the reinforcing bcrs.(EE,n being too large, gpn! bcing too small.

Similarly to case-of-the SMOR !357 it was resolved in the field. In both

cases an unofficial concurrence of tQ: Hone)Pffice was obtained. The third
e ¥ o
case examined was RFI #593027A dated June 2, 1982 concerning discrep
Peberents * —) '“’2§ﬂon

- sppr
between UEAC Dwg. 5}015;8Aand Cives Dwg. Fe}5407 -13 Sheet E-58 agAE1/\6¢ o,

Another question on the same RFI was concerning discrepancy between UEAC
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Owg. F101750,and Cives Dwg FP-15407-13,at E1. 63£6". In this case the
\ o

dispositicn was provided by the Field Office.

(We ~ Yp—
The last case of as-builts reviewed was ECA 458?809.’deteé—ﬁcwﬂﬂ‘Tﬂrr‘r98i,
concarning vertical bars in 1ine 2.3 walil which caused a bar conjestion.

As recuired by AP-15, the ECA/RFI Form listed the affected document and

w

Home Office concurrence was marked "accepted”.

The program which UEAC has embarked upon in order to analyze and control as-

built conditions has a Tot of good features. The controls documentation,

distribution of responsibilities appear to be effective and practical. It
]
is regretable that this program was enacted so late in the development of

the plant. We are aware that in the early stages of construction of the

plant the control of the as-built conditions was not sa good as could be

desired. It is admitted by the UE&C officials as well. In the memorandum
(Batorence ¥ —)
dated September 6, 1983, MM-14575A4 there is a statement "It is recognized
that there are a good number of historic ECAs which, based on the judgment
of the engineer at the time, were issued for which there may be no calculations.”
The project has defined a program to address these historic ECAs and develop
A o e 2
calculations for them as necessary”... We thin,that this is a worthy effort

which when completed will contribute to improve confidence in the level of

quality control of the plant.
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To continue to review the process for controlling as-built conditions in
reinforced concrete the team selected four Engineering Change Authorizations
ancrefe

(ECA's) dealing with coring,and cutting of reinforcing steel. A series of four
mn,anf'/n (‘?"’f 44)%9”/ aﬁonr

awere selected in theyDiesel enerator Puilding for review.
(Ceberance +—)
(1) @02/07720,\us initiated on (date initiated missing) by th@ﬁren
ySuperintendent. The problem was defined to be an interference of service
air lines as .nstalled with the fire wall partitions. The solution was
issued November r 1982 and included cutt}r;g,;apﬂng and grouting the

o a/e/aﬁ'on,
existing penetration in the floor at the mﬂ/‘\core boring two -~

2',-<!C*i:meter holes, re.ocating the air lines, air connectors and ‘alves,
deieting pipe supports and grouting the lines 1nto:écered holes. The affeci=d
documents were listed and the backup reference which permitted the cutting
of reinforcing was provided. In addition, the requirements for recording
and reporting the as-built condition were also prov‘ided.' This ad

been properly reviewed by the Site Review Group and then by the home

office where final concurrence was made on May 18, 1983. The field

ne-sunnel reported the work completed on November 16, 1982 and provided
sketches and details of the cutting and the necessary engineering data.

One core bore cut no reinforcing and the other cut one #6 bar.

(foference 4--——-)
(2 @06/16708 as initiated September 12, 1983 as an On-The-Spot(ECA by
) 4“ Grimne/! Fre fm‘('c,'f'nf Service
the Project Manager for(GFPS.) The core drilling was defined as being

required in stair walls C&D to allow for installation of new redundant



——
-~

5/5!74;;

4 8-S

Fno
fire protection system 1ines. The request was made for €2)-6 1nch diameter

s to be cut through a wall section arcund the stainbwell near E#eve&#en

d-dev#
26/, Approval was given on October 18, 1983 after telephone concurrence

pm——
with UE&C's) home office and the completion of the actions by the Site Review
Group on October 17, 1983. It was further stipulated that one piece of
reinforcing steel could be cut each way é@'each face for each core location.
In addition, sheets and instructions were provided so that the as-built
work would be accomplished in accordance with AP-39 and specific
el a—cw_.nc_i bar
information on actual. cuts information would be forwardec. 1o-engineer1ng, rey el
The completed forms with the as-built information were completed on
September 30, 1983 and received by’ﬁEEt,Site Engineering on October 3,
-"'w‘"""‘l p —

1983, showed .more reinforcing steel cut than allowed. All other aspects
of the appropriate procedures had been followed based on the team's
review of the information,

(betarence # —)
ECAY59/4010A was initiated December 9, 1982 by an engineer from Perini

&)

Power, This requested authorization to cut rebar in order to install
a Hilti bolt for a surface mountcd pIate on £€§1oor t glfvat1on 5lifeet,

A o e plate e o . e hold recean ved “ie
due-to-the-relocation of -the boltsto clu-r Athe re1nforc1ng Kould violate relecare,
the centerline of bolt to an adjacent embedded plate distance criteria,snc 7Epu€s e

ermisSion *o eu’ reinvbre/ng sree),
Permission was granted at the site on December 17, 1982 and home office
concurrence was made on February 1, 1983. This allowed cutting of one
ee!
piece of rtinforc1n3;¢ach way, top and bottom and required submittal of
data via an attached form after the installation had been completed.
)
vowet 1
The as-built information was submitted by Perini&?n May 20, 1983 indicating

ene
tha;44-l7 bar was actually cut. A sketch was provided tu establish the
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exact location of the cut, idcntify the affected UE&C drawing and
<*ee! teinpreing sted
Bcthlehem\drawing as well as the,\bar type. No deficiencies were noted

by the team.

8

(.kﬁ') (ECA'\73/4572C was initiated December-3, 1982 by a field engineer from
K/ This Aecuuen*
Pul]mn-Higgins./\lequested permission to cut reinforcing steel in an
area near a blockout through a reinforced concrete wall due to the fact
that numerous attempts to locate Hilti bolts among the congested rein-
forcing had resulted in several abandoned holes. A relocation of the
plate for which the Hilti bolts were tb;';:c:osrs required a redesign of
the support which was to-be welded-tu—the surface moUnted platé. The
change was completed, reviewed and finally approved on March 23, 1983.
The home office engineering concurrence was completed on June 27, 1983.
Again the field information as a resul® ¢f the relocation and possible
reinforcing steel cutting was requestsd for review via the coring/cut
reinforcing sheets. The information was provided to Site Engineering on
January 14 1983 showing the necessary information and indicating that

one

bar
;-#11 and X -#8 reinforcing steel ,had been cut in the drilling process.

A
The team found no discrepancies in the information.

After completion of the review of the information cbnu1n§d in the records
related to thcu@. the team went into the field to verify all information
that could be checked given the current completion status in each of the

areas. Of particular conclern was the information contained 1n@) 0§/167OB
which 1nd1cat¢g‘:\§oﬁpi:?;;grc1ng than permitted had »een cut mﬁe resoldtion

Judyed fobe
of this uas,{npomnt in m,\the actions on the part of@ in response
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to the data. All locations associated with thesq(/ﬂl/; were reviewed in detail,
checking dimensions and where possible the 1ns1%k cut surface if a core were
involved except forﬁfCAfS%‘OlOA for which the drilled anchor bolt was sandwiched

between panels of fire stop walls at the floor line.

A1l as-built information which had been sent back to the (UE&C)Civil/Mechanical
Services Engineering Group was field checked and found to be correct. The
team then followed up to determine that the information provided was being
systematically recorded and utilized. During this field review guestions
arose on the status of, and appaéent incorrect fabrication of support
9276-126-38 which was associated with\gg; 7;&572C. After a review of field
records and discussions it was found the support was on”Ho1d“and the support

¢evt rein ing
was known to be incomplete. The 1ncomingpgata from the as-built sheets were

being logged and then transferred onto reproducibles created from the Bethlehem f;le‘(
shop drawings for reinforcing steel so that a permanent, consclidated record

of cut reinforcing is being developed. A review of the information relative

to the team's concern about additional cut reinforcing resulted in establishing

that the cutting permission had not been excoeded.in—ehtt‘{ﬁe detailed shop

drawings indicated the coring was done in a splice zone and thqt the pairs of

cut reinforcing seen in the as-built data represented actually one bar, but

since the cut was in the sp1f; zone, both legs had been cut. Similarly, from

the detailed stp drawings and information submitted in(ECA 73/4572¢ 1t was

clear that several of the cuts were the ends of supplementary diagonal reinforcing

at the corners of the wall blockout for air ducts. The information gathered

in this program can be utilized to compare against known margins of reinfofcing

steel. Where the margins are not sufficient, the procedures require add;::?'!

analysis.



Based on the team's review of the control of cut reinforcing, it was determined

that this activity is well controlled by procedures and the appropriate inter-

faces have been established and function checks against known margins to

verify that the original design has not been compromised are made and the
necessary documentation has been provided. The ‘Technical Assistance Group
under the Lead Civil Engineer of Site Engineering was determined to be
executing this operation in a very well controlled manner. No findings

were identified.
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4.9 Conclusions

The scope and the depth of the inspection was sufficient to reach certain
conclusions regarding the design and engineering aspects of the civil-structural
discipline and the related safety features of the Scabrook*blant. Based on

the facts.(fin&15§§3>:g!1%§sg correspondence end other information acquired
during this 1nspectf5n oncluded that design and construction of the safety
related features pert1nent to the civil-structural arca,1ncorporate=&::19n
control prdzz;s 4€;$¢;:idciadequatc safety to the public. Our inspection
encompacsed bath the technical design and the procedural aspects of the
organizations involved in the development of the plant in order to have a

broad perspective of all elements of the design and interdisciplinary coordina-

tion effort.

As a result of the inspection we identified twenty-one findings and ob-

servations. A1l of our findings have been discussed with the staff of the.
bos becr To€en

\HfffiAnd we have been informed that the appropriate action to ascertain that

cifeum sfawtcﬁ
there will be N0 CONSEQUEnces W ich might result in unacceptable margins of

safety, has-been—takea, Finding No. ____ which appears to reflect on the
across the board applied approach to application of live load in combination
with other loads may require further investigation to assure that the
structural members have load resisting capability in accordance with the

approved regulatory requ’rements.

There are certain conclusions which appear to be quite obvious as a result of

the inspection. In our opinion, interdisciplinary coordination of the design



effort suffers from the excessive systematization in terms of procedures and
manuals. There is an evideng? effort tc document every phase of design,
construction, procurement and verification. This is very plausible and has

its merits. The system of traceability, however, is handicapped by such a

%
v
!
$
-
X
N\
$

|

number of various steps and is so fragmented that it requires a monumental

)

task to synchronize it in order to produce practical results. This is

Cre Mo

Secton 3/

augmented by continuous revisions of various documents which in turn

o e

necessitates updating of all relevantigrocedures so that proper cross-referencing °
S Cosimg Leintormesr e/ m Sor (cacre‘“ ""fucw Pcm. n/s rafle

would be effective. An example of the above lby-bo-Aa-381—$eee+en-3—¥——ﬂev——tp
dated—dul y-311961, which refers tngite Approved Change (SAC) which has

been giscontinued (see Cbservation 4. s

—

dE&C has provided technical guicelines ana procedures to be followed Il'the
Seabrook Project. Extensive programs have been put into force in order to
ensure that the latest and most accurate informaticn is used in the design

of structural members. Great efforts have been made in order to obtain
refinements in the vertical amplggiation of beams for the design of the beams
themselves as well as seismic qualification of equipment located away from
the walls and columns. This refinement results in greater vertical accelera-
tions than would be the case if the beams were assumed to be rigid.

L—

However, (UES C did not account for horizontal torsional effects in the develop-
e cmp/ Ko reponse S?ee#a primery .70)!/:)" bvl//

ment of ARS. In the case of the PAR, the indications were that 10% tbf repre-

sented the torsional effec A]ocations at the extreme periphery. Normal practice

forggfgt was development of theQﬁES?at the mass center. If the torsional effect

is only around 10%, the team is of the opinion that it can be neglected.



/20 /re
49-%

v 4 esmiC
Since the team recommends that the Tank Farm 5}na;1c analysis be redone, the
team would recommend that adaitional attention be paid to torsional effects

|
inasmuch as the hank Warm has little structural symmetry.

Another observation is the apparent compartmentalization of the organization.

We realize that the complexity and magnitude of the project necessitates
multi-directional effort, but there must be a definite gravitation toward an
overview of the entire operation 1n order to achieve a practical efficiency.

An example of this conclusion uagube the case of misuse of the amplified response

W & ~sra/

spectra for the annular steel fram(‘as—d0sG#4be¢-#n—S0c&ion—4T6—o$—eh+s-repOFt
As we pointed out previcusly, estab11shtng of the position of coordination of
seismic design improved this situation.

Organizationally, the g;ﬁ appears to be quite remcte from t;e Seabrook Project,
and operates in a passive mode. In other words.(gés will be responsible to
respond to requests from the project but not to take initiative on bhangcs in

the structural design which may develop.

The program of as-builts and the final load verification, which we reviewed,
appears to be effective and provides adequate design controls. As it has

been pointed out in Seee+on—478-o¢-&h+o-r¢port. theq;ﬁgar:; should be extended
to incorporate the engineering change authorizations which have been issued
prior to the commencement of the program. There should be some mechanism
whereby the (_S‘EG will have an opportunity of making an assessment concerning
as-built conditions rather than leaving these assessments entirely to the

)
profect. In the case of the"Tank #‘am. the design of the bracing took place



five years ago and the fill concrete under the/Eﬁ&* and-&Aiywas released for
{4( > ald e Taak
construction about four years ago. Up until the t o(' e BT these changes
wmspecthon

which have a direct influence on the dynamic analysis were not acted upon and

,45€;V;27“*.‘;ﬂsybn‘?‘ T

were unknown to 5591

SAG also d S not appear to be subjo to th uchnical audits requircd by,L"’buyel:ﬂf
7 MPIﬂ7

Ve, <, ,1’ v ne 517’ oea/'-s enerae/
(GEDF?%&@( Re efe‘ﬁcﬁ K"Jfﬁ’ recommends that@ also be subject to s/
technical review. This could be completed by technical personnel who did not

|
|
\
|
i
do the original work.
From the work observed, it appears that(@iﬁ?}is conscientious and businesslike
in the design of safety related structures and has established procedures,

guidelines and organization to meet the requirements of NRC. While many of

the programs have not been completed and some analyses and designs must be

revised, there is no reasons to believe that the as built structures will be
found to be inadequate in light of the exhaustive design efforts currently

underway and planned for the immediate future.

In final summary, 1 1s our opinion, that there is sufficient evidence that
in civil-structural area the design controls are effective to the extent that
they provide a reasonable assurance that the safety related structures will
have their expected load resisting capability and will perform their design

function without undue risk to public safety.
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7.4.2 Personnel Interviewed S, eef
Name Title /r‘ gt

Tom M, Cizauskas

Henry E. Wingate

Jerome J. Wojcik

Robert Tucker

Donald E. Johnson

walter K. Perterson
R. £, Guillette
Jenet Allen

M. H. Ussing

K. M, Kalawadia
Daniel E. McGarrigan

V., D. Pate!l

James K, Cravens

“Tfor Civil/Structural
~Mechanical Group
ngineering) =
Engineering Department

Assistant Project Manager,
Construction Department

Structural Engineer,
Mechanical Group,
Engineering Department

Lead Mechanical Engineer
mechanical Group,
Engineering Department

Structural Engineer
Mechanical Group
Engineering Department

Supervisor, Engineering/QA
Audits

Supervisor, Construction
Quality Assurance Engineering

QA Technician

Staff Engineer for Assistant
Project Engineer of
Construction

Supervising Discipline
Engineer - Structursal

Manager, Project CA for
Seabrook

Genera)l Design Supervisor
Structura)

Maneger

//ﬁs/if

Organization
YAEC - Seabrook Project

YAEC - Seabrook Project

YAEC - Seabrook Project

YAEC

Seabrook Project

YAEC - Seabrook Project

YAEC

GA Department

YAEC

QA Cepartment

YAEC - QA Department

YAEC - Seabrook Project

UESC - Seabrook Project
Structural

VESC - Reliability
and QA Department

UEAC - Seebrook Project

UEAC - Seabrook Project
Engineering Project Controls



Neme
J. J. Connelly

H. P, Sivertsen

Joe! Blackman

E. Skelnicxk

Leon S. Nascimento

Anil T. Shah

0. K. Ghosh

Pares N, Datta

John A. Mott

Om P, Kalani

Richard H. Toland

Noshir C., Karanjia

Dipak K. Majumder

granko Galunic

Z. B, Olszewski

M. K., Sanghavi

Title

Supervisor

Leader/Liaison SCAT Team
Cognizant Engineer

hssistant Manager

Lead Engineer, EQ/COMP
Qualification
Chief Structural Engineer

Cognizant Engineer
Cognizant Engineer
Design Supervisor,
Engineer 11

Design Engineer

Manager
Structural Supervising
Engineer

Manager

Seismic Consultant
Lead Engineer
Engineer I

Mechanical Supervising

Discipline Engineer

Lead Pipe Support Engineer

Organization

UE&C - Seabrook Project
Calculation Control
Center (1 of §)

UE&C - Seabrook Project
Beam Verification
Program and SCAT Team

UESC - Powe~ Department,
Mechanical Analysis Group

UESC - Power Department,
Mechanical Analysis Group

UESC - Power Division

UEAC - Seabroock Project
Structural, Major Cat I

UESC - Seabrook Project
Structural, Containment

UEEC - Seabrook Froject
Structural

UEAC - Seabrook Project
Structural

UEAC - Seabrook Project
Pipe Support Group

UVESC - Structurz] Department
Structural Analysis Group

UE&C - Structurai Department
Structural Analysis Group

UE&C - Structural Department
Structural Analysis Group

UESC - Structural Department
Structural Analysis Greoup

UESC - Mechanical
Analysis Group

UEAC - Seabrook Project
Pipe Support Group



Name
Girish C. Hatwal

Amar S. Dalawari

Thomas F. Clouser

J. Alberto Rios
Alan W, Cole

R. B. Livingston
Robert A. Bossharct

0. Melitz

G. B. Christina

Title

Structural Engineer

Engineer [I

Design Supervisor

Engineer Il

Project Administrator

Administrator

Administrator III,
Lead, Records Control Group

Supervising Structural
Engineer

Administrator

Oraanization

UESC - Seazbrook Project
Structural

UE&C - Seabrook Prcject
Pipe Supports
Duct Supports

UEAC - Seabrook Prnject
Pipe Supports
HVAC Supports

UEAC - Seabrock Project
18C

UEEC - Seabrook Project
Project Controls

VE&C - Document Control
Center - Seabrook Project

UELC - Document Control
Center - Seabrook Project

JEAC - Document Control
Center, Seabrook Project

UESC - Seabrock Froject
Engineering Project
Controis

5 o , —
v  Dexter Qlsson Senior Metallurgical Engineer Eethlehem Steel \
‘: Corporate QA Manager Corporation
\$1; Michael Bedics Supervisor, Quality Assurance Bethiehem Steel
o Reinforcing Bars, P11in§ and Corporation
¢ § Construction Specialty Sales
,
«™ (Clarence Redman Contract Administrator Bethlehem Steel
& Reinforcing Bars, P11ing and Corperation
& Construction Specialty Sales
Dennis Reid Chief Detailer - Engineering Bethlehem Stee!
Corporation
Denny Vassa Detailer - Engineering Bethlehem Steel J
\\\________,, Corporation

N. 1. Desai

Engineer [ - Structural

UESC - Field Change
Completion Group




Name

Rick E. Daniels

Robert N. Kuelin

Douglas G. McClellan

Richard A. Arell

C. E. Morales

R. P. Kosian

S. N. Caruso

Julie Drozd

oohn Alle

Susan Hayecki

7% 2-4

Title

Cognizant fngineer for
Program Guidelines

Engineering Manager
Lead Engineer - Civil/

Structural

Designer

Draftsman

Lead Field Engineer

Lead Engineer

Seismic Analyst
Structural Engineer

Field Engineer - Civil/
Structural

j'/ / ‘/ P

Organization

UE&C - Beam Verifica-
tion Program

UESC - Field Systems
Group
Site Engineering

UE&C - Civi)/Mechanical
Services,
Site Engineering

UE&AC - Technical Assis-
tance Group
Civil/Structural Engrg.
Civil/Mech. Services
Site Engineering

UE&C - Technical Assis-
tance Group
Civil/Structural Engrg.
Civil/Mech. Services
Site Engineering

LEGC - Project Field
Engineering Group
Civil/St..~.ural Engrg.
Civil/Hec... Services

< te En’iaw"ﬂs

UtaC - Cabie Tray
Bracing Task Group
Site Technical Staff
Piping & Supports

Site Engineering

UE&C - Structural
Analysis Group

UE&C - Structural
Analysis Group

UE&AC - Project Field
Engineering Group
Civil/Structural Engrg.
Civii/Mech. Services
Site Engegineen *3
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7.4 2-5
Name litle Organization
Robert Shappell Civil/Structural Engineer UEAC - Technical Assis-
tance Group
Civil/Structural Engrg.
Civil/Mech. Services
Site Engre. ineesring
J. R. Lindguist Field Engineer - [&C UE&C - Project Field
Engineering Group
I1&C
I&C Systems
Site Engineering
Frank Dadabo Construction Superintendent UE&C - Field
Painting Subcontracts Construction
Colin H. Coles Cesign Engineer 11 UEAC - Seabrook Project ‘,#;
Structural Lp? .
A. A. Haldar Job Engineer UESC - Civil/Mech. -
Civil-Structural Services
o Site Engineering
C. Holtzworth Field Engineer UE&C - Civil/Mech,
givil-Structural Services
. Site Engineering

/‘.::;:‘\fh -:ro-n gwl 7.42-3
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Mechanical Systems

VEAC calculation CI-6 sheet 15 .

screen of 0.36 ft/sec. This

surfece. FSAR Section 6.3.3.3.]

£t/sec, all debris with a speciifc

shown that an approach velocity of 0.2 Ft)ec will result in debrdy settling

to the floor before reaching the screen surface.
Alden Laboratories Report 25-81/M296HF Jaruary 198%, "Investidatj f
Vortexing and Swirl Within a Containment Re: ‘rculation SumiAsing a

@ on page 22 of

B

the report recommended in Item D that all top cover plates have at Jeast

Hydraulic Model," recommended as 2 result of Phase 3 Te

-
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3 rows of 1/2" holes on 12" centers. This recommendation was not imple-
mented until after the team discussed the Alden recommendations with UEAC.

Valawadia (UE&C) dated 12/8/83 requested action

The memo from Flora
to add 1/8" op cente (1/8" was chosen because of "particle size

restrai

-23.78', a decrease in level of ON5' (A~1/2' Toss of NPSH\.

C3S NPSH calculation 4.3.5.11 dated 7/14/8]1 a an"inlet lods co-

of 0.37 taken from the

eficient for the CBS “Sump pump suction pip

study (January 1980). However, the Alden stuMy calculated the averag

value of 0.37 but also calculated a maximum valur of 0.53.

Alden Labs determined a pressure drop due to swirling Xlow™n the sump

oump suction pipe could occur. This effect was not inclXigd in the NPSH

calculation 4.3.5.11 dated 7,.4/81, UE&C Calculation 4.3.5.41F dated

.-



o
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12/1/83 determined that the effect could result in a decrease .in NPSH

of 0.08 foot.

g to Xoreign Print 53205, Rev 0l. NPSH may

NPSH g 13,5 feet at 3800 rix. 1 ow calculatkd in the Westinghouse

calculation is 4691 gpm for which th€ reguired NPSH is N8.5 feet. Con-
sidering the factors listed in itdps 3 (temp), 4 (entraped\water) and 6

(swirling flow) the RHR pump may not\pe conservj exough.

FSAR Section 3.6(B).I.3 states that resulty of failure modes and eXfects
analysis presented in Appendix 3A verifies thiyt the consequences cf ‘
failures of high and moderate energy lines will

of the plant to be shutdown safely. FSAR Appendix

failures. However, these evaluations have not been comp

JAN 10 1584
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Two out of 100 zones have had jet impingement analysis performed but the
reports have not been approved. These analyses have not utilized the .

ppendix 3C of the FSAR "Procedure for Evaluating

criteria contained in

Jet Impingeme qads frigm High Energy Piping Failures.” In the analysis

whip are nct proNded wfere’ the whipping 'ipe cannot cause unacceptable

damage to any essen\jal system or component There is no documentary

evidence that whipping\pipes have been evaluatdd over their envelope

of whip for potential ~impact at spe nite §istances from targets.

Supporting documentation for\Appehdx 3 of the FSAR\indicates that equip-

ment is protected from specifid\1ine"breaks by "distancR" but no distances

are specified and no acceptable dMgtances are given.

=l
=
D

e FSAR Section 3.6(B).2.1.b indicates

effects from soraying or flooding, except whexe pipe stress levels 2

e

below a specified value. There is no evidence tRat spraying an es

nave been done,

P
The CBS Pump Specification requires that each pump be in¥§yidually tested
in the as-built configuration. The motor to be used &t Seabrook was not

tested with the pump. Further, the FSAR Section 8.3.1.1-1,xpage B.3-22

4



states that motor suppliers are required to verify that actual test dati
confirm that the torque margin is equal to or greater than that of the
calculatec data. UESK has no Eorresponding cdata on hand for the CBS

pump motors.

required\py Specification 9763-00§-128-1 Rev. 4, 4/23/75. The seismic

contained in sfe Nestin§house "Seismic Analysis of Contain-

The analysis doe

support system.

GEDP-0032 Rev. 2 11/20/7

viglation of GEDP 0032, Rev.. 3, 10/29/7

2. Sump ph changed from 8.5 to 11 (Rev. 5. 8.5 to 10.5 (Rev. 6).

b. RWST and SAT min temp 40° Rev. 5, 50° Rev.

o™

¢. Inner screen (sump) particle inclusion size 1/4" Re Qég, 0.097 Rev. 6.

. an

JAN 10 1984
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d. inner screen
"maximum velocity" Rev. 5
"approach Wlocity" Rev. 6
17 A.2 some UE&C project
0f safety related acti
related documents. -
18. (alculation CI-2 "Design Scree

Sump" Rev. 1, 8/29/83 assumes no )
in the design of screen suppo " 'ng

supported in violation of GEDP 005,

sty o e 1 L and
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11. Mechanical Components

1. The thermal displacemdpt dur1n§ the faulted condition of the tube side

of the CBS Heat Exchanger (CBS-E-16A) is.0.044."

'L

(2’/4'!
have
.:.'

cn
.-

-----

MCD 550.03, Part A, specifically tge 0.044" referred to abyve.

4/81 N\JAle viteraction eXects

CBS) and a 4" branch

in UEEC stress calculation MCD 550.02 2)

~
.

setween an 8" run line (1214-2-301-8" in t! ine
(1218-1-301-4" in the C3S) were not accounted\for as prescribed by O

2607 Rev. 1, dated 1/19/81.

intexaciton effects
™

q't,_pranch line

3. In UEAC stress calculation MCD 550.03 2/4/81, the

between an 8" run Tine (1216-2-301-8" in the CBS) and a

——~

1217-1-301-4" in the C38S) were not accounted for as prescribed by DEDP-

2607, Rev. 1 date 1/19/81. &

- ————
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In UE&C stress calculation 551.00 (7/30/82) on line 1217-1-301-4" and

line 1218-1-301-4" on 3 lines at 1eas;. the valve operators for the

valves (4"-CBSV31, 4\CBS-V33 and 4" CBS-U32) and the corresponding operator

the UESRC Specification state 100°!

100°F.

JEAC Specification 9763-006-248-47, Rev.
CBS Sump Isolation Valve Encapsulation VesseNmay fill with steam or
water. UEAC Specification 9763-006-248-L Rev. &, date 5/23/80 §phcifie

90% relative humidity for the valve actuator.

™
§D-2, Main 2ad Auxiliary Steam System has had 3 versions Qﬁfv. 0, dated
7/15/74 Rev. 1, 6/28/77, and Rev. 2, 11/18/81. No DCN or ECA exists for

2 number of changes between Rev, 0 and Rev. 1 and between Rev. 1 and Rev.
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2. This violates GEDP-0032, Rev. 3, 10/29/76 on control, evaluation and
implementation of design changes and GEDP-003, Rev. 1 dated 2/10/75 and

Rev., 2 dated 11/20/7 concerniﬁg control, evaluation and implementation

of review comg

qualification of \{he taSted pump. Based {n review of the test results

Quality .Assurance Manual Procedur

and ANSI N4E.2.11 Section 6.3.3.

SG-OZ.‘fg given in calculation set no./support no. 1201-
9/30/83, were not considered. As an example, the mass of the component

support and piping 1s 3,637 pounds, while the lumped mass of the support

9
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structure is approximately 16,300 pounds. The approximate mass of the

supporting structure is only five times greater than the mass of the

component support and\piping. "The support steel and associated piping

for-the (WN2X79 beam at azimuth 270°

seismic piping loads.

ITT Grinnell Technical Specification $8-001, Rev. 2, 7/12/82, concerning

reverification of supports, specifies in Section 6.1, temperatures to be

10
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considered in the design of lines in containment to be the maximum 1ine
temperature or 370°F whichever is greater, an in all other areas, the -

maximum line temperatiyre. UESC Pipe Support Design Guidelines, Rev. 1,

and checker,.

The package for suppor \1 of 2 had been signed

Oy the preparer but not

The package for support ! 2V, was not signed

Ey preparer or checker,

These 2 examples vidlate procedure QCES I™M Grinne!

Corporation Engineerihg Services QA Manual) Rev. 1, cated 2/14/83.
Puliman Power Products Piping Isometric Drawings\that were plac nder
UEAC control after 1/17/83 were subsequently issued\by UE&C

P.E. stamp.

Two such examples cf these drawings are Pullman Power Products Isometric

Drawing lo, CBS-1213-01, Rev. 9, dated 11/1/83, which carries the note

11
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"U.E. & C. Drawing as of Rev. 7," and Puliman Power Products Isometric.
Drawing No. CBS-1213-02, Rev. 2, dated 4/14/83, which carries the note -
"U.E. & C. Drawing as\of Rev. 12."

o of the

whichN\pandaes certification

This is U.E. & C. Nuclear QA Manual, Subsection 3.2,

piping erection drawings by a registered

. 42 to UEsC
Purchise Crder 248-8, dated Junw 1, 1982, which require\ that "the

technical specification covering PRverification (meaging SR{-001) shall

ce reviewed and accepted by Purchase: che puxchaser
is YAEC.

This is also contrary to-Subsection 2.1.1.5 oX the YAEC QA Manual, Re

dated 3/31/78, which requires that: "Provisions\of technical d ents

by the vendor shall be examined."
N6,

The component support reverification packages prepared bAQIT Grinnell

for UESC did not consider frictional effects for thermzl moments less

than 1/16 inch. ;
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Two such examples are contained in the UE&C calculation sets for support
nos. 326-5G-01, Rev. 1, 5/12/83, and 179-5G-04, Rev. 3, 9/22/83, which .

contain both the ITTB\calculations and the UEAC closeout calculations.

glntr, o)SubsecNon 5.1 of Technical Specification SB-001,

that friction be evaluated for all

cases whgre thermal movement doey not equal zero.

ITT Grinnell Syppor mponent support no. 1203-RG-8,

Rev. 8, 9/3/82, e for technic

content by the team. The
czlculations for th\ principal moments of imMertia and section moduli for
the 5X4X1/2 inch angle\detailed on page-}¥0 of Wis calculation are
incorrect. For example,

of inertia is 17.3
& part of this calculation packag

1T C

ITT Grinnel support calculation for com

significant figures.

The specific stiffness in the negative & direction is the ratio of the

1000 1bs applied as a load in the negative & direction in the STRUDL

13
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mode] to the resultant displacement of 0.001 inches output by the STRUDL
model. This ratio yields a stiffness in the negative Z direction of

1X106 1b/4n. which is\the magnitude of the minimum stiffness allowed for

this support. ever, Yue to roundoff, the magnitude of the displacement
could b 0.0014%\ inches, which would yield a corresponding
tiffRess 06'1bs/in. ausing the support to fail the minimum

v stiffnesy criterion of 1X106 1bs\in. This appears ‘o be a systematic

error beca ST e prints out thousanths and in these

14
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I11. Civil

*s " '
1. P.0. #210-9, Februar)\12, 1982 from UEAC to E. G. Burdette, "Test of .

Anchorages to BE¥grmine ffects of Prying" did not inc1ude QA requirements

~a
.

LS ]
.

Subsequently another calculation was made (WE-61, Appendix A, Sheet 10 of

16, Rev. 3, checked 6/17/81) which added 2 pipe support load, but neglected

15
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the sag rod loads. Again the previous calculation was not voided. The

SSE pipe support load was incorrectly combined with beam OBE loading and

designed for SSE allongble stresses. The neclected loads and the combining
of the OBE an violakes SD-66, Structural Design Criferia. Rev, 1,

11/30/8

Reinforckd concrete walls in the\ank Farm along column lines 4.5 and

e

Vibration frequencies higheN tha & \2nddfental 1

UVE&C Spec. ©763-SD-24

neglected.

4-/7 4
6. The tank form modeling of structural steel is n

actual structure. Size and shape of bracing used
from actual structure and drawings. Model dces not a for overall

bending. Incorrect shear area used in model. Reference calculation

S8 SAG SwWB Rev. 0, 7/10/76.

16
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F-/8
7. Overall bending stiffness of the reinforced concrete in the tank farm

was underestimated. Added stiffness due to orthogonal walls in calculating

moment of inertia of \ndividual walls was neglected. The calculation of

m {
.

page A2, Rev. 1, 2/2/82, do not axcount for
#-2/
¢. UE&C Drawing F101402, Rev. 13, 3/24/81\Mat \

stirrups at 16". Shep drawing (Bethlehem\Steel) #CTTRM31, Rev. 4

(12/5/78) Wall Stirrups, Layer #7, shows the\ these bars have been

changed to single stirrups at 8" separation.

Control - Foreign Print System, Rev. 7, dated 4/12/8

4-23
19. $D-66 Structural Design Criteria, Section 4.2.1, Rev, 0, 10/18/76 and

Table §.4-2 require cornsideration of live Toads concurrent,with dead

-

17
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lozds and seismic loads except where known equipment loads are considered

in place of live loads. In the primary auxiliary building equipment

veult (Calc Set P.B. X6, Rev. 0, 11/18/83) as shown on UEAC drawings

F101562, Rev, R/23/83\and F101558, Rev. 6, 7/9/82, the live loads

Reproduction and Didgribution, Rev. 16, 8/1(83. The matrix contains

over 800 entries, appriximately 15 incomsistendjes were found (Shewmaker

hzs details). -

4-12
1. The Structural Subject File In

x in the Structural Gr has been

periodically updated as required AP-7, "Subject File Sygtem". However,

ject file

43

-

™
serial numbers. Four of these documents were selected t Qggtermine whether

or not the Document Control Center could locate them. None of the four

.

18
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could be located in spite of the subject to correspondence serial number

cross reference system,

q-/4 .
14. A number of erpdNs

wereNfound in Administrative Procedures. (Shewmaker

4-15
35,

4-132

-

for structural steel. Also see 18, which foNows.
4-2
17. Procedures which governed the design control of thi prcject

avzilable (today) for the entire time span of the project W»€ therefore
zn audit to ascertain whether the procedures were foll is not
possible for certain time spans, for specific procedures. The procedures

involved are both corporate procedures (GEDP's) and project procedures

19
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(AP's). This is considered to be a violation of ANSI N45,2,11, Qua1fty'

Assurance Requirements for the Design of Nuclear Power Plants, 1974,

Fabrication and
Section 1.15.3 that\guch eccentricities be agalyzed. They were not.
419
18, Geometry and structural s

teel in the containment ann\jar sty

w

re

o

tion of connection eccentr

"

o

Y Agscf

into the beams, the approximately one inch of\eccentricity will impos

tensional load on the coiumn. The design calculytions do not rifhect

the eccentricities as réquired by AISC.

4-20 P
20. No calculations have been located which supperted the en qﬁgering

drawings released for ccnstruction and fabrication of structural steel

for an area in the Primary Auxiliary Building as required by AP-22,



Calculations. The drawings were released in 1978 and calculation was

performed 11/18/83.

In this memo SAG indicated

response vary greatly depending

cadlculation set SBSAG-4CS3.

21
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IV, Electrical

? : .
1. UESC drawings 9763-F0028 and 29 (Rev. and date) illustrates anchoring

in 1876, that is referenced \

provide mounting details. Thu

P
description (SD-74) as a document to be changed as 2 res ﬁé_of this

DCN. This is a violation of GEDP-032, Rev. 3, dated 10/29/76 and AP-IS,

Rev. 7, dated 3/6/78 regarding control of design changes.

22
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Revision 4 dated 6/9/89 of SD-74 incorporated this change, but the speci-
fication (present revisic. 6, dated 1/31/83) was not changed despite

subsequent reyisions.

The FSAR ‘ rips wA\jch can trip the D-G breaker. The 5KV switchgear

The Diesel Generator SD

.
Orawing $763-F-30021%, Service

+c two documents, wWhich as listed

contzinment. MNo techmical errors were fouRd on the chart,

specifies 14C° F. maximum external temperature,



o —— —

UESC Drawing 9763-M-505300, Class 1E Equipment List, Rev. 10,°4/27/83 Qas

ﬁot signed, reviewed or approved in accordance with QA Procedure QA-3,"

Design Control, Rev. \1, 2/14/83. Previous versions were apparently not

LESC - - 3-F Power Cable Application and Sizing
Criteri for the maximum ambient temperature

iping Enclosure Building (Main Steam-

. 3, specifies in Sections
the CBS sump isolation

or water, The

penetrations, purchased from Cogax, are not qualified f&r steam or water

as far as we can tell. Have requegted P.0./spec. to, Conax\but not received
yet.

UEAC Weld drawing 300209, Rev. 5, 8/31/83 Necifies weld configuradjon

for motor control centers, 3/16" fillet x 2" Wong. The seismic quali

Seismic qualification docurentation (Report SC-275, Rev. 3 dated E’ )

for motor control centers purchased to UEAC Specification 9763-006-143-1,

24
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Rev. 8, 11/30/82 does not comply with the requirements of IEEE Std.

344-1975, Section 8.5 "Entropolation of Data". The equipment tested

was not the same as tRe equipment supplied.

Test Actvc-]
o Height g" 12"
b. \ Ground Bus Size . 3 x 1" i x &°

JL Type. Frame Installed

that specifies for %"

plate. The plate is 3/1X.

0A manaul Section 3.3.10Q that requires diffehgnt pecple as checkers

approvers.

Brown-Boveri Qualification reports RCC-323.74-64, ReWw\ 3, e@ted 3/10/82
™

for MCC's and R33-50750-QS, Rev. 8, 9/29/83 for Swgr ind{Eete that control

wiring is GE type SIS}or ITT Surprenant (similar to GE

$1S). These reports ccntain data supporting the qualification. The Bill

25
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of Material (5HK-350, S.0. No. 703-50750 sh 1 thru ©) for swgr and UE&C
FP-31151-03, Rev. 3, 1/29/80 and FP-31151-04, Rev. 6, 5/25/80 for MCC's

indicate that control\wiring in both swgr and MCC's is GE type SIS

Vulkene. GE uld of 1/22/78 (included in the qualification

9763-3D-DC-14F, Rev. 5, 12/29/82
x 120\ battery whereas an NCX

anzn

2230 cattery is actually useX. term capacity margin of 21% was

sresent {n the calculation whergas uSing the actual batXery only a 1€%

ities of both batterie

margin is present. Long term cap is about the

same and long term capacity is contrdyling in b

€/20/83 states that maximum allowable oil temperature is 85° to 20°C.

Bearing temperature is alarmed at 80°C. on the staticn computer.

JAN 10 1384
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of UERC caN\culation 4.3.5.30K was

error. The calculation was checked

on 8/25/83.

Two UERC equipment\]ists¥, the standard Equigment List, and the Standard

~
.
.

Instrument Schedule hdye no provisions for the\signature of the preparer

or a reviewer or checker\and are app3

The documents are not stamped

-27 Rey. 4 5/18/82 for {he Standard

of GAP-0007, Rev. 0 6/25/75 4'd

Ecuipment List.

Lo ]

Tobar, a Westinghouse subcontractor for shpply of pressure transmyl

approved‘excep;iC“s to a subcontractor speciXication S519A54, Rev.
epproval. The exceptions involved how many capaciXors would .
(50 or 100) and for how long (2000 or 1000 hours).
¢ possible waiver of elevated temeprature leakage tésts)

Neihis violates

TORAR Procedure PI-1 Section 3 on Design Control.

27
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ITT Barton test plan 9999.3155.2, Rev. 1, 1/29/82 has not been accepted
by UEAC because test temperature and radiation dose (integrated) have not

been agreed to. The ¥est cove}s pressure switches. These switches have

structure to\make engineering and QA in-
sufficiently indepeddent. This is related g Finding #3 above. The

change in organizationd] structure violates Tobgr's Producf’lntegritx

Manual PI-1 Section 2.2 wNich regusres _per) dic<t§dating of PI-1 Nuc

" 4
Quz] Programs and Pl-2 with Xormal tj{<;aticn of‘é\anges to holders

of controlled copies of the ManNal. Group A transmittexs have not yet

been shipped for Seabrook Unit 1.

related equipment but is not marked in accdpdance with IEEE Std 49A:1974.

1/4/83. Numerous Westinghouse drawings, Tobar aRd Barton (!_sq\

pressure signal representative of containment pressure to a tranducer

-

claced outside containment WCAP-8687, July 1881 indicates that the

28
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sensing line must be filied with Dow Corning 702 riliccn oil to be

qualified for the expected environmental conditions. The Westinghouse .

specification sheet a licable to these devices allows either oil or.

water. /Specsfidgt 325\AH 1141, Rev. 1, 10/17/79, Rev. 7, 6/9/82 and

Aicon 0il. \Jhe instruments are not installed. UE&C
raQing. Rev. 2, 2/20/78.of the drawing
speciifes s ZWpprovjd by UERC 1/4/83. Hence, the

| ired instrument 1*n§ £i11 material

are inconsistent)

g. estinghouse PO 546-ALX-285480-BN 7/26/78 spec\fies 10 CFR 21 as applicable

ITT Barton

print system in violation of AP-29, Rev. 7, 4/12/83 Sec IV, Procedure,

tep 3. (1t was logged in after being discovered during the inspection.)

-
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UFAC CBS Scnematic Diagram “-310900 Rev. 9 6/29/83 does not agree with

Westinghouse Solid State Protection System Interconnection Diagram,

Sheets 20, 26, and 32\ Revision 4, 6/21/83, foreign print 70073-7.

23 solid stats out re\ay contacts were checked, 3 differences were

found.

Gould Qu)\]ification Report -CC-32)74-93 Rev. 1, 11/9/82, states that

A review of this

and non-class lE E22 and BQ circuit brexkers used in control

circuit applic;:ions‘hﬁye been verifiedfor f:b{t current interruption

capability following the

identify Class 1E separation groups at 15 foot interva\s anG at points

of entry to and exists from enclosed areas. This is net Qgoe for
conduits. Conduits are marked at each end. In a telecon between

YAEC and UEAC on 6/20 and 23/80 UERC argued that the 15' markings were

30
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not needed. YAEC concurred and requested UE&C provide wri;ten justifi-

cation. Such justification was not provided. Nole that the FSAR

W System\Description NAH/NCH-284\ Rev. 1, date August 1976 requires in
' and HCV-607 be left in the full

of IEEE.Std 279-1971 Section 4.12)
full open position will degrade the

simultaneously.
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Failure to move valves 606 and 607 to the open position and failure to move
valves 618 and 619 to the close position could seriously degrade RHR -

performance. .

14, UE&C Specificati §-171-1, InstrUgent Racks, Rev. 3, 3/14/80,

-

requires Mercury of \Yorwood to procure and Tgstall safety-related

terminal blocks in jun\tion boxes for in-contadgment and ex-containment

lecations. The UE&C spec\ficatis r Statas Co, ZWM terminal

tlocks. The Mercury of Norwyrd 8i12 of Material Dw-"969f:702, Rev. 3

-

12/3/82 requires the States Co.

terminal blocks. The 8\i1 of Material is

labeled -Seismic Nuclear Safety Relqted. The Mercury, of Noxwood purchase

requisition specified the States Co. and Ndentified

the purchase as "Nuclear-NO," Mercury POrchase

£/10/82 and 66180-N19691, 12/12/80. Mercu

Purchase Requisitions.

A letter from States to Mercury dated 3/23/77 state

blocks are not qualified IEEE Std. 323.



On 5/9/80 Mercury informed UESC that the terminal blocks were mot

qualified (by telecon). (Mercury telecon note) UE&C directed Mercury -

to use the terminal b\ocks.

UELC ¢pecification 976 1 Instrumfent Rag¢ks, Rev. 3, 3/14/80
requiras procurement of w\res fq ghtainmépt and outsice con-
tainment and specifies an ackident e -'ratyre, presSyre and radiation
environment. Mercury of NorwoO¥ purchase order #66166 \2/9/80 to
Rockbestos and 66165 12/9/80 to Dekoron did nct specify thy temperature,
pressure, or radiatibn listed in the \ E&C spec] Mergury cited
IEEE Std. 383 that references IEEE Std . 7 imim temperature/
time profile in the UEAC specification excdeds that specified in IACE
Std 383/323-1974. The radiation specified .in\the UESC spec exceeds t

specified in IEEE Std. 383.

UESC specification $763-006-171-1, Instrument Racks, .3, 3/14/80,

™
requires wires in accordance with IEEE 383 and 323. Upo q'{gceipt of the
wire Mercury QA receiving inspection report 66165 dated 1/12/81 accepted

the wire documentaticn &s acceptable. The documentation received only

33
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as required by IEEE-Stds 383 and 323.

UERC verXor surveillance check p\an for the Mercury contract, Rev. 2

9/15/82 dodg not list enyifonNental uéIification reports to be reviewed

by UERC in viNatioxof §g>bA 7-2, . 15, 10/31/81.

The containment enc)\osure emergency exhaust Xilter system is an ESF

system that starts autbdpatically after adf accidgnt to maintain -1/4"

ontro\ hand switches (one

are rendered inoperable. This is 2@ violation of IEEE \td

Std 379-1972 and Reg. Guides 1.52 and 1.53.

|
|
|
|
|
|
addressed the wire flame retardance and not environmental quatification '
|
|
|

34



UELC Specification 9763-006-170-1, Main Control boards, Rev. 5, 11/2/81
requires York Electric Panel to'submit to UERC for approval documentation

to support wire fla retardance and environmental qualification par IEEE

Std 383-74 ang/ABE Std \§23-74. York received certificates of confirmance

and socme e, a1l of \which was ndt submitted to UE&C in violatiow of

Section .14 of the spycification. This documdptation was not submitted
in violation of - shd UEEN QA orocedure QA-7-2,
. 158, 10/31/81.
A seismic event could cause simuldaneous failure of both ¥%ains of the

primary component cooling water syst
Contributing causes &re:

Use of non-safety current to air converters\for velve con

the PCCW. C/I converters are TY 2171 4 and S5)\z2nd TY 2

Lack of separation of safety and non-safety wiring bundles

contained in panels CP108A and 2.
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3. Lack of separation of safety and non-safety wiring on terminals of

2 transfer switches (SS-2171 and $S-2271).

The safety si used position primary component cooling water

position is defeated by the above.

by non-saf e controllers in both trains. Control

wiring for

simultaneously in

revert control of the heat exchanger valv

valves causes failure of the PCCWS (both trains

22. UESC Specification 9763-006-174-2 Rev. 10, 7/1/83, Eingtro Contrcllers
end Racks, requires isolation devices be pr-vided to ins‘?{_that any mal-
functione of non-safety related instrument loops will not effect safety

related instrument loops. No isolation devices were provided in parel

36
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(P-1528 where non-safety instrument loops are in the same panel as safety

related instrument loops.

board sections. This involves Class

cross connect valve control circuit, and pneugatic-cperated containmeqt

jsclation valve control solencids.

RHR valves IRM-HCV-606 and 607 have non-safety Timit switches wired to

the Class 1E main control board system status monitor light panels

37



MM-UL-2 and 4 (Trains A and B). These lights display status of ECCS

injection valves and pumps and containment isolation valves. The RHR

valve position switchgs do not have seismic qualification documentation,

26. PSHNH prepare
6/3/82 (Foreign

have not been used.

38
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