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EXECUTIVE SUMMARY

This subcategory report summarizes and eva]uatés the results of the Employee
Concerns Special Program evaluation under Engineering Subcategory 23300,

‘Essential Raw Cooling Water Piping. It covers 11 issues related to two of

TVA's nuclear plants, Watts Bar and Bellefonte. The issues were derived from
23 employee concerns that cited perceived deficiencies or inadequacies in the
design and construction of portions of the essential raw cooling water system

piping.

With one exception, the employee concerns related to the quality of the cement
mortar lining added to this piping at Watts Bar and Bellefonte; the piping

originally was unlined carbon steel. Areas of concern were the quality of the

lining installation, the ability of the lining to resist erosion, and the
completeness of quality assurance documentation. Most of the employee
concerns, and all of the potentially significant issues, were raised relative
to Watts Bar. At Watts Bar, several nonconforming condition reports were
issued, as were two Nuclear Safety Review Staff reports covering several of
the employee concerns. The issues were not applicable to the Browns Ferry or
Sequoyah plants, which do not have cement-mortar-lined piping.

Qf the 11 issues evaluated, nine were found to require no corrective action.

ror the remaining two issues, one corrective action was identified to remedy
the negative findings for both. These findings involve failure of the
contractor responsible for lining installation at Watts'Bar to document the
required inspections and failure of TVA to discover this failure in a timely
manner. The corrective action resulted from the tmployee Concerns Task Group
evaluations. :

The causes for the two negative findings were "Inadequate Procedures" and, on
a broader basis, "Lack of iManagement Attention." These factors resulted in
failure of several TVA organizations, including Engineering, to review the
contractor's QA program compliance. Although this failure did not result in
any technical adequacy problems, it allowed incomplete documentation of
quality assurance activities. The corrective action was:

Provide means for controlling subcontractor quality assurance
activities.

This corrective action was primarily in an area outside design engineering
activities. Therefore, it was concluded that the engineering activities
applicable to this subcategory did not represent a technical problem, but did
indicate a programmatic problem involving Engineering, Construction, and
Quality Assurance organizations. It should be pointed out that these
difficulties appear to be confined to Watts Bar, because, in the same time
frame (1982), the opportunity for similar difficulties was present at
Bellefonte and none occurred. However, the specific corrective action was
generic to all TVA plants. The broader problem is being corrected by a
combination of broad actions by TVA to improve organizational interfaces,
procedures, and communications.

2858D-R9  (11/16/87)
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Improvements have been made in the TVA organization structure, w1fh clearer
assignment of responsibility and authority, consolidation of the nuclear
organization, centralization of site activities; and 1mprovements in
management system programs and procedures, as outlined in the Corporate |
Nuclear Performance Plan. These improvements should supplement the spec1f1c
corrective action descr1bed in this report.to prevent a recurrence. ‘

The causes identified and other eva]uat1on results are being exam1ned from a
wider .perspective in the Enq1nmer1nq category evaluation. ‘

2858D-R8 (11/16/87)
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Preface

This subcategory report is one of a series of reports prepared for the .
Employee Concerns Special Program (ECSP) of the Tennessee Valley Authority
(IVA). The ECSP and the organization which carried out the program, the
Employee Concerns Task Group (ECIG), were established by TVA's Manager of
Nuclear Power to evaluate and report on those Office of Nuclear Power (ONP)
employee concerns filed before February 1, 1986. Concerns filed after that
date are handled by the ongoing ONP Employee Concerns Program (ECP).

The ECSP addressed over 5800 employee concerns. Each of the concerns was a
formal, written description of a circumstance or circumstances that an
employee thought was unsafe, unjust, inefficient, or inappropriate. The
mission of the Employee Concerns Special Program was to thoroughly
investigate all issues presented in the concerns and to report the results
of those investigations in & form accessible to ONP employees, the NRC, and
the general public. The results of these investigations are communicated
by four levels of ECSP reports: element, subcategory, category, and final.

Element reports, the lowest reporting level, will be published only for
those concerns directly affecting the restart of Sequoyah Nuclear Plant's
reactor unit 2. An element consists of one or more closely related
issues. An issue is a potential problem identified by ECTG during the
evaluation process as having been raised in one or more concerns. For
efficient handling, what appeared to be similar concerns were grouped into
elements early in the program, but issue definitions emerged from the
evaluation process itself. Consequently, some elements did include only
one issue, but often the ECTG evaluation found more than one issue per
element.

Subcategory reports summarize the evaluation of a number of elements.

However, the subcategory report does more than collect element level

evaluations. The subcategory level overview of element findings leads to
an integration of information that cannot take place at the element level.
This integration of information reveals the extent to which problems
overlap more than one element and will therefore require corrective action
for underlying causes not fully apparent at the element level.

To make the subcategory reports easier to understand, three items have been
placed at the front of each report: a preface, a glossary of the
terminology unique to ECSP reports, and a list of acronyms.

Additionally, at. the end of each subcategory report will be a Subcategory

Summary Table that includes the concern numbers; identifies other

subcategories that share a concern; designates. nuclear safety-related,

safety .significant, or non-safety related concerns; designates generic .
applicability; and briefly states each concern.

Either the Subcategory Summary Table or another attachment or a combination
of the two will enable the reader to find the report section or sections in
which the issue raised by the concern is evaluated.
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The subcategories are themselves summarized in a series of eight category
reports. Each category report reviews the major findings and collective
significance of the subcategory reports .in ione of theifollowing areas:

. management and personnel relations

* industrial safety ] I

* construction S

* material control

* operations ‘ . o .

* quality assurance/quality control
* welding o
* engineering

intimidation, harassment, and wrongdoing willi be released by the TVA Office

A separate report on employee concerns dealing with specific contentions of
of the Inspector General. e "

Just as the subcategory reports .integrate the information collected at the
element level, the category. reports 1ntegrate the xnformatxon assembled in
all the subcategory reports within the category,' addressing part1cular1y
the underlying causes of those prohlems that run across more than one
subcategory.

A final report will 1ntegrate and assess the infbrmation collected by all
of the lower level reports pr@pared for the ECSP, 1ncludlng the Inspector
General's report. ‘ P

For more detail on the methods by which ECTG eémployee concerns were
evaluated and reported, consult the Tennessee!Valley Authority Employece
Concerns Task Group Program Manual. The Manual spells out the program's
objectives, scope, organization, and responsibilities. It also specifies
the procedures that were followed in the investigation, reporting. and
closeout of the issues raised by employee concerns.

a
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ECSP GLOSSARY OF REPORT TERMS*

classification of evaluated issues the evaluation of an issue leads to one of

the.following detoerminations:

Class

Class

Class

-Class

Class:

A:

B:

.

Issue cannot be verified as. factual

Issue is factually aécurate, but what is described is not a
problem *{i.e., not a condition requiring corrective action)

Issue is factual and identifies a problem, but correctivé action
for the problem was initiated before the evaluation of the issue
was undertaken

Issue is factual and presents a problem for which corrective
action has been, or is being, taken as a result of an evaluation

A problem, requiring corrective action, which was not identified
by an employee concern, but was revealed during the ECIG
evaluation of an issue raised by an employee concern.

collective significance an analysis which determines the importance and

consequences of the findings in a particular ECSP report by putting those
findings in the proper perspective.

concern (see "employee concern")

corrective action steps taken to fix specific deficiencies or discrepancies

revealed by a negative finding and, when necessary, to correct causes in
order to prevent recurrence.

criterion (plural: criteria). a basis for defining a performance, behavior; or

.quality which ONP imposes on itself (see also "requirement”).

element or element report an optional level of ECSP report, below: the

subcategory level, that deals with one or more issues,

employee concern a formal, written description of a circumstance or

circumstances that an employee thinks unsafe, unjust, inefficient or
inappropriate; usually documented on a K-form or a form equivalent to the
K-form,

(14
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evaluatorgs) the individual(s) asszgned the responsibility to assess a specific
grouping of employee concerns.

findings includes both statements of fact and the judgments made about those
facts during the evaluation process; negative| findings require corrective
action. ‘ L

issue a potential p:oblem. as mnterpreced\bm the ECIG during the evaluat1o
process, raised in one or more concerms. ‘

K-form form (see "employee concern")

egu1rement a standard of performance, behavior, or quality on which an
evaluation judgment or decision may be based.:, S -

root cause the underlying reason for a problem.
*Terms essential to the. program but which requx:e detailed definition have ‘bean

defined in the ECTG Procedure Manual (e.g., generic, specific, nué¢lear '
safety-related, unreviewed safety- sxgnnfzcant question).
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Acronyms

AL Administrative Instthction
AISC American Institute of Steel Construction
ALARA As Low As Reasonably Achievable
ANS American Nuclear Society

) ANSI American National Standards Institute .
ASME American Society of Mechanical Engincers
ASTH American Society fér Testing and Materials
AWS American Welding Society
‘BFN Browns Ferry Nuclear Plant

: BLN Bellefonte Nuclear Plant

‘ CAQ Condition Adverse to Quality
‘CAR - Corrective Action Report
CATD Corrective Action Tracking Document
CCTS Corporate Commitment Tracking System
CEG-H ' Category Evaluation Group Head
CFR Code of ?ederal Regulatfons )
cI Concerned Individual
CHIR Certified Hateria; Test Report
coc Certificate of Conformance/Compliance
ﬁCR Design Change Request

. DNC Division of Nuclear Construction (see also. NU CON)

(14




TVA EMPLOYEE CONCERNS REPORT NUMBER: 23300
SPECIAL PROGRAM

FRONT MATTER REV: 2

PAGE vi OF viii

DNE
DNQA
DNT
DOE
DPO

DR

ECN
ECP
ECP-SR
ECSP
ECTG
EEOC
EQ
EMRT
EN DES
ERT
FCR
FSAR
FY
GET
HCI
HVAC
II

INPO

IRN

Division of Nuclear Engineefing o

Division of Nuclear Qu@lityiAsbudan¢e
Division of Nuclear Iréining

Department of Energy

Division Personnel Officer |

Discrepancy Report or beviatioh Report
Engineering Change Noﬁice L

Employee Concerns Program

Employee Concerns Program-Site:Representative
Employee Concerns Special Program

Employee Concerns Tasg Group | |

Equal Employment Oppoﬁtunity Commission
Environmental Qualifi§ation

Emergency Medical Reshonse Team |

Engineering Design

Employee Response Tea@ or 'Emerigency Response Téaﬁ
Field Change Regquest ‘ ‘
Final Safety Analysis}Repqrt

Fiscal Year

General Employee Training

Hazard Control Instruétion

Heating, Ventilating.}Air Conditioning
Installation Instruction

Institute of Nuclear Eower Operations

Inspection Rejection Notice
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L/R

M&AI

MI

‘MSPB

MT

NCR
NDE
NPP
NPS
NQAM
NRC
NSB
NSRS
NU CON
NUMARC
OSHA
ONP
owCP
PHR

PT

QA
QAP
QC
QC1

Labor Relations Staff

Modifications and Additions Imnstruction
Maintenance Instruction

Merit Systems Protection Board

Magnetic Particle Testing

Nonconforming Condition Report

Nondestructive Examination

Nuclear Performance Plan

Non-plant Specific or Nuclear Procedures System
Nuclear Quality Assurance Manual

Nuclear Regulatory Commission

Nucledar Services Branch

Nuclear Safety Review Staflf

Division of Nuclear Construction (obsolete abbreviation, sce DNC)
Nuclear Utility Management and Resources Committee
Occupational Safety and Health Administration (or Act)
Office of Nuclear Power

Officé of Workers Compensation Program

Personal History Record

Liquid Penetrant Testing

Quality Assurance

Quality Assurance Procedures

‘Quality Control

Quality Control Instruction
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QcP
QIC
RIF
RT
SQN
sI
sop
SRP
SWEC
TAS
T&L
TVA
TVTLC
uT

vT
WBECSP
WBN
WR

WP

Quaiity Control Procedure
Quality Technology Company
Reduction in Force

Radiographic Testing

Sequoyah Nuclesdr Plant: o ;
Surveillance Instruction o .
Standard Operating Procedure L i

Senior Review Panel,

Stone and Webster Engiééering Corporation.
Technical Assistance Sﬁafr

Trades and Labor

Tennessee Valley Authority : :  «  + . . | . "’

Tennessee Valley Trades and Labor: Council

Ultrasonic Testing

Visual Testing -

Watts Bar Nuclear Plani I ;
Work Request or Work Rules

1

Watts Bar Employee Concern Special Program o T
|

1

Workplans l
|

1
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1.  INTRODUCTION

This subcategory report summarizes the results of the Employee Concerns
Special Program (ECSP) evaluation under Engineering Subcategory 23300,
Essential Raw Cooling Water (ERCW) -Piping.

The employee concerns provide the basis for the evaluations and are listed by
element number in Attachment A. Of the 23 concerns in this subcategory, 20
were identified for Watts Bar (WBN) and three for Bellefonte (BLN). Al1l

23 concerns related to a single subject, quality of concrete pipe lining;

therefore, only one element was established.

The overriding issue raised by the employee concerns (ECs) was whether the

quality of the cement mortar lining applied to portions of ERCW system piping
was adeauate. The ERCW system provides cooling water to many safety-related
components. It must function under all plant operating conditions, including

- shutdown following design basis accidents.

In the late 1970s, other TVA plants experienced corrosion and plugging
problems in the carbon steel piping systems using Tennessee River water, At
WBN and BLN, the solution to this problem for a portion of the piping (the 30-
and 36-inch underground lines carrying river water to and from the plant) was
to add a cement mortar lining. This was done to detailed and demanding TVA
specifications by outside contractors in 1982.

The lining work involved approximately 25,000 feet of piping. Early in-‘the
work, the WBN contractor failed to meet several specification requirements.
These deviations were documented in TYA quality control (QC) inspectors’
nonconforming condition reports (NCRs). Many of the ECs dealt with Design
Engineering dispositions of these NCRs, claiming that dispositions to
"use-as-is" resulted in an inferior product.

The evaluations are summarized in the balance of this report, as follows:

0 Section 2 -- summarizes, by element, the issues stated or implied in
the employee concerns and addresses determination of generic
applicability )

0 Section 3 -- outlines the pfocess followed for the element and
subcategory evaluations

o} Section 4 -- summarizes, by element, the findings and identifies the
negative findings that must be resolved, and cites documents o
which findings are based .

) Section 5 -- highlights the corrective actions required for
resolution of the negative findings cited in Section 4 and relates
them to element and to plant site

2858D-R11 (11/16/87)
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o} Section 6 -~ 1den11f1es causes of the negative f1nd1ngs
o} Section 7 -- assesses the ‘significance of the negat1ve f1nd1ngs

0 Attachment A -~ lists, by‘elementﬁ each employee concern evaluated
in the subcategory. The concern- numben is given along with notation’
of any other element or category with which the concern is shared,
the plant sites to which it could be.applicable are noted, the o
concern is quoted as received by TVA, and :is: character1zed as safety
related, not safety related, or safety significant P

o~ Attachment B -- contains a~summary‘of the element-level - .
evaluations. Each issue js listed, by element number and plant,
opposite its corresponding findings and corrective actions. .[The | |
reader may trace a concern from Attachment A'to an issue in @ @ @
Attachment B by using the element number -and app11cab1e plant. The
reader may relate a corrective :action descr1pt1on in’Attachment 8 to
causes and significance in Table 3 by using the CATD number that
appears in Attachment B 1n parentheses at .the end of the corrective
action description

The term "Peripheral finding" in the issue ‘column refers to a

finding that occurred during the course of evaluating a concern but
did not stem directly from a employee concern. These are classified:
as "E" in Tables 1 and 2 of this report o

o Attachment C -- lists the;references7cited in the text

2.  SUMMARY OF ISSUES/GENERIC APPLICABILITY

The 23 employee concerns listed in Attachment A for each plant" have heegn | | |
examined, and the potential problems raised by the concerns have been
1dent1f1ed as 11 separate issues. .

Summaries of the 11 issues under element eva]uat1on i233. 1, Qua11tv of Concrete |
Pinpe Linina, follow:

0 Yatts Bar

1. The original piping was improperly installed. It leaked, '
requiring repair with cement mortar lining. ‘

2. The cement mortar 1iﬁ1ng is failing because of inadequate

repairs and may cause damage or loss of function of
safety-related <omoonents.

7

28580-R11 (11/16/87)
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3. The procedures used to install and repair the lining were
inadequate; they were not the same as those used to line the

samples used in the testing program.

4, The lining contractor's quality assurance and inspection plans
were inadequate, and the contractor failed to perform, or to
document, required inspections.

5. TVA Design Engineering improperly dispositioned the numerous
NCRs issued against the contractor's work, accepting most of
the deficiencies on a "“use as is" basis.

6. TVA Design Engineering valued schedule over quality relative to
the lining contractor's work and interfered with TVA site QC
personnel in their monitoring of this work.

7.  TVA Nuclear Safety Review Staff (NSRS) improperly disposed of
one of the employee concerns relative to the quality of the
piping lining.

0 Bellefonte

8. A portion of the ERCW piping may not have been lined as
required.

9. Use of hand-lining of piping at bends may have resulted in
inadequate lining integrity.

10. Fewer TVA inspectors. were used at BLH, compared. with 4BN, to
monitor the lining contractor's work, resulting in the
nossibility of inadequate lining quality.

11. fuality assurance documentation may be inadequate because
required inspections were documented by contractor 'personnel,
rather than TVA personnel.

Each issue evaluated is stated fully in Attachment B. This attachment also
- lists corresponding findings and corrective actions, which are discussed in
Sections 4 and 5 of this report.

The 11 issues summarized above cover a wide spectrum .of activities, all

related to a single process applied to a single system. Only four of the
issues involve engineering activities; three of them relate to contractor

nerformance, three to quality control and assurance, and one to the handling

of employee concerns.
t

2858D-R11 (11/16/87)
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The concerns in Engineering Subcateqory 23300 were not considered. generxc to
the Prouns Ferry (BFN) or Sequoyah (SQN) plants, which do not have '@ !
cement-mortar-lined piping in their ERCY, or comparable, systems. ‘

As the followina sections show, only two issues were found to be validiand to
require corrective action: These issues were in the area of quality assurance.

3. EVALUATION PROCESS

This subcategory report was prepared to address the specific employee concerns '
related to the issues broadly defined in Section 2. It is also based dn the
preliminary subcategory report, issued in July 1986 at the conclusion of thel |
original Watts Bar evaluation (Ref. 38) The evaluation process consisted of
the following steps: o

o} Watts Bar Evaluation *

a. Reviewed empioyee concerns in -detail to 1dent1fy common\ b
elements and issues. L

b. Reviewed documentation of the'technica1‘basis for the initiall !
decision to provide cement mortar 1ining for the steel pipe. | |

C. Reviewed design drawings, specifications, and system .
descriptive documents to determine suitability, operating !
parameters, safety aspects, and component function and location.

d. Reviewed size, aeometry, and flow velocities of ERFN p1p1nq to
determine susceot1b111ty to erosion. L

a. Reviewed ERCA test1nn proaoram a5 documented in TVA Reporit | I |
CEB-8, Full Scale Tasting and Qualification of Cement iortar | |
Lined Carbon Steel Pipe, and reviewed results to determine
aoplication requxrementa, durability, and Famlure modes of '
lining.

f. Reviewed ICRs and their disposition to determine:

) WJhat problem areas (noncompliances) were forma]]y
identified

o} Whether the employee concerns were adoquate]y ‘covered by
the NCR dispositions

) dhether the NCR;dispositions were technically valid

2858D-R11 (11/16/87)
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Interviewed TVA employees knowledgeable of the background of
the ERCW pipe cement mortar lining history.

Inspected a portion of lining to determine condition of lining
and evidence of failed 1ining or failed repairs.

Reviewed TVA and industry historical experience with
concrete-mortar-lined pipe to determine failure frequency,
failure modes, and effects.

Reviewed procedures and inspection and audit reports related to
the ERCW pipe. :

Assessed the technical adequacy of the cement-mortar-lined ERCHW
pipe and whether or not the degree of uncertainty concerning
quality of the pipe 1ining was. sufficient to pose a public
health and safety risk.

0 Bellefonte Evaluation

a.

Reviewed WBN- preliminary element evaluation 233.1, covering

'similar employee concerns at WBN.

Reviewed BLN requirements drawings and specifications for
completeness and clarity. ’

Reviewed BLN NCRs related to the subject piping.

Reviewed BLN quality assurance (QA) audit reports covering the
lining contractor's, records.

0 Subcateaory Evaluation

a.

Tabulated issues, findings, and corrective actions from the
element ‘evaluations. in a plant-by-plant arrangement (see
Attachment B).

"Classified the findings and corrective actions using the ECSP

definitions.
Compared the results of the WBN and BLN pipe-lining programs.

On the basis of ECSP guidelines, analyzed the collective
significance and causes of the findings.

28580-R11 (11/16/87)
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e. Provided additional judgment .or ‘information that may not' be
apparent at the individualiplant review level,
4, FINDINGS

The findings for this subcategory are also contained in Attarhment B, The
findings are listed by element number and: by plant.

The discussion and findings for element evaluation 233.17, ‘Quality of Concrete
Pipe Lining, are given in the following subsections.: Lo

4.1 Oriainal Piping Insta]iation‘(WBN)
4,11 Discussion ‘

A problem arose in the late 1970s at another TVA plant using Tennessée River
water for cooling water services. It was identified in Nuclear Power ' | |
Experience, BWR volume (Ref. 28) It consisted of a potential reduction in
fiow quantities due to corrosion and encrustat1on of the carbon steel piping:
interior. At WBN, the problem was identified in NCR WBNNEB 8017 (Ref. 1),
first issued in 1ate 1980. There i's no 1nd1|at1on in the NCR or related @ @ + & =
documentation that the WBN piping was leaking. ' Corrective action is virtually |
complete at this time. The specific solution to the problem for theilarge | | ’
buried ERCY p1p1ng at YWBN was the app11car1om of a chent mortar 11n1no\to‘tne !

inside of the piping. e . i

4,1.2 Finding

The ERCW piping was lined with cement mortar to reduce .r1ct1on loss from the
corrosive effects of Tennessee River water, and not because the uarbon steel |
niping leaked or was improoerly installed. ‘

4.2 Linina Inteqrity and Effect on ERCYW System;Ooerationsi(wBN)
4.2.1 Discussion

The issue raised in several concerns was that of the integrity of the gRCW | |
oiping cement mortar lining. Some concerns :entioned that portions of the | |
linina had already come loose and were being: transported throughout the

system. Other concerns related to the potential for:the lining to failiat

some time in the future. The result could be eitheria gradual or a sudden
release of cement mortar particles or fragments that could plug piping or
eauioment, deqrading the system's capab111ty to perform 1ts qaf@ty-related
cooling function,
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The cement mortar 1ining of the buried portion of the ERCW piping was
installed between April and October 1982, in accordance with two TVA
specifications. (Refs. 2 and 27), and inspected by TVA in accordance with a
third TVA specification (Ref. 3).. The ERCW piping was flushed following
completion of the lining process. NCR 4419R (Ref. 16), issued in

November 1982, describes the collection of mortar debris at discharge points.
The pieces were characterized as: ‘“obviously unused mortar rather than failed
lining . . . either lining which had been chipped out during normal repair
operations . . . [or] . . . lining which had failed during the flushing of the

system."

" The NCR described subsequent inspection of accessible sections of the lining.

Approximately 2 percent, 5 percent, and 11 percent, respectively, of the total
lenagth of three of the four main headers were inspected. Three small (less
than 20 square inches) areas of mortar erosion were found, only one of which
resulted in exposed pipe (approximately 2 square inches). On this basis, the
remainder of the piping was accepted as-is (Ref. 17).

As a result of the Watts Bar Employee Concerns Special Program, the ERCW

piping lining quality question was again reviewed. Two substantive Nuclear

Safety Review Staff (NSRS) reports were issued, I-85-158-WBN and I1-85-166-WBN
(Refs. 22 and 23), covering 10 of the concerns. Both reports contain the
following statement relative to experience with the ERCW piping from 1982
throuagh 1985:

"Review of maintenance requests revealed no problems resulting from
mortar lining pieces clogging ERCW components. Interviews with site
staff responsible for maintenance and operation confirmed this
conclusion. Maintenance personnel stated that mortar chips were
found during the initial system restart after installation of the
mortar lining. These pieces were debris resulting from the
installation process. Mortar chips were flushed out the main
discharge header, and none have been found since then."

‘Renort 1-R5-166-4W3N éontains this further statement: "ilo failures of the

strainers have been attributed to plugging by mortar chips." These strainers
were used during the initial flushing operation to entrap particulate material
and are not included in the operational design. [t should be noted that the
CRCY svstem is an open cooling system, in which the pumps take suction
directly from the river. All cement-mortar-lined piping is downstream of the
ERCW pumps. Therefore, these pumps are not subject to damage from cement
mortar lining particles as implied in five of the employee concerns.

Experience with application of cement-mortar-lined piping in safety-related
services is limited. The evaluation team .performed several reviews of
background material to provide perspective on the potential safety problems
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that could arise with th1s app11cat1on. These included a review of TVA's
qualification test1ng program for cement-mortar-lined carbon steel pipe, a
review of previous nuclear power plant operating experience with similar
cement-mortar-lined pipe, a review of potential water hammer .effects, and an |
evaluation of potent|a1 lining failure modes and effects on safe plant
shutdown. These reviews are described briefly in the following subsections.

Erosion of Pipe Linina. QOne concern: (IN-85 589-001) raised the 1ssue of
potential erosion of the piping. 1ining at particular points in the system
where there are h1gh localized flow velocities. This concern is potentially :
valid, in that erosion was a problem in-other portions of the ERCW system.’
Furthermore, there have been occurrences of cement mortar 1ining erosion 1n
service water lines in operat1ng nuclear power plants (Ref. 32). The |
evaluation team checked the size, geometry, and flow velocities. of the.WBN:
ERCW buried headers and determined that the potential for erosion was quite
low. The piping is large, with no small Branch| connections or severe changes
in cross section, and the flow velocities iinithe system are low. The 1986
inspection of the accessible port1on of the pipe found no evidence of erosion
at a 90° elbow (Ref. 35). C

Qualification Testing Program. A major quest1on with regard to the use of!
cement-mortar-1ined pipe for the ERCW system is its performance under seismic
events, as well as underwater hammer events. TVA conducted tests in 1981 of
18-inch- and 30-inch-diameter cement«mortar-l1npd pipe and of a 30~inch!21bowvi,
similar to that used at WBN, as documented ‘in TVA Report CEB-8, Full Scale’
Testing and Qualification of Cement Aortar Lined Carbon Steel Pupe (RetJ 28).

The test results include a cyclic bearing test at Jloads up to 12 knps (a @
12-kip initial load is sufficient to produce .local deformation of 3.4 inches
and a 1.8-inch permanent ovalling) and a torsion test at loads uo to 60 ikips.!
The tests concluded that the cement mortar lining iis qua11f1nd to resist the
desian earthquake and othér design loadings at TVA facilities and that the:
induced stresses, strains, and deformation produced by the design @arthquake
around acceleration are well below those encountered in: the qua%1f1cat10n !
testing program.

Potential Yater Hammer Effects. Certaln transient system operarlng ‘
conditions, such as system startup with the p1p1ng partially air-filled, can
lead to severe hydraulic events in the process of refilling the system with
water. These are referred to as "water hammer." Such events can produce
substantial shock waves, which, in turn, can result in.high,‘shddenly anplied
lnoads to the system piping. These loads canibei more severe than saismic loaas
in certain situations. With ERCW p1p1ng,‘1f portions of the lining were to be
severely cracked and not bonded to the piping, those portions cou]d be
dislodqed.
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The geometry of ERCW piping, which has a discharge point well above the buried
piping headers, is such as to virtually assure that water hammers would not
occur in this piping (Ref. 24). Preoperational testing of the ERCH system
included a specific test to attempt to induce water hammer. This test
revealed no water hammer effects on the buried ERCW piping (Ref. 36).

Linina Failure Modes and Effects Analysis. Potential lining failure modes are
The two major

jdentified in the seismic qualification test report (Ref. 29).

failure modes are spalling, in which a number of small fragments are produced
at a single location, and collapse, in which one or more relatively large
mortar sections are dislodged. For unbonded mortar, which is more likely to
be present at repaired areas, collapse is unlikely in the absence of a seismic
or water hammer event. This unlikelihood results from an arching effect in
which the surrounding mortar ‘keeps the repaired area in place. Therefore,
collapse is likely to be sudden at several locations simultaneously or to not
occur at all. In any event, this failure mode is of little concern because
large pieces of cement mortar are likely to remain near their original
locations because of the density of the material and the low water-flow
velocities (approximately 7 feet per second maximum) in the system.

Small fragment failures are more likely to result from long-term effects: for
example, piping flexure caused by temperature changes or.by corrosion behind
the 1ining (Ref. 20). In such cases, the failures would likely be gradual;
larae narticles would settle, and particles small enough to be carried by the
flow stream would flow through to the discharge or would accumulate at such
locations as heat exchanger tube sheets or nonflowing branch pipe lines.

These accumulations should be detected by normal maintenance and surveillance
operations. In response to NSRS Investigation Report I-85-166-WBN, TVA has
committed to a periodic inspection of the heat exchangers to confirm that the
cement mortar liner is not deteriorating during plant operation.

The ERCY system consists of two redundant trains, one of which is normally in
a standby mode. For the event sequences described above, even if the
operating train were to sustain a random failure and lose function, the
standby train would be available to accomplish the safe shutdown. Fragments,
if produced in the standby train, would tend to settle out before the system
was olaced in operation. Therefore, a lower concentration of small fragments
would be carried by the flow stream, and component loss due to plugging would
be unlikely. Comoonents in the flow stream include heat exchangers and
valves. There are no pumps downstream of the lined pipe. Partial clogging of,
heat exchanaers would result in only minimal loss of efficiency. Small
particles would have minimal effect on open valves. Water samples removed
from diesel generator and component cooling water heat exchangers. contained
rust flakes and small pebbles, but no mortar .chips.

28580-R11 (11/16/87)




TVA EMPLOYEE CONCERNS REPORT NUMBER: & 23300
SPECIAL PROGRAM REVISION NUMBER: 4
Page 12 of 34

Nuclear Power Plant Experience with Cement-Mortar-Lined Pipina. In a review
of the PWR and the BWR volumes of "Nuclear Power Experience,” only one case
was noted of significant cement-mortar-lining failure due to cracking. It was'
at Indian Point Unit 1 in 1964 (details of this failure were not ava11ab1e)
(Ref. 32). Othér minor failures were attributable to localized erosion. :None:
of these cases were catastrophic or resulted in a cnallenge to. plant safety.

It is important to note that cement mortar continues to cure and ga1n strength
many years after installation.

Pioina Linina Inspection. One eva]uator part1u1pated in the. 1nspect10n of a
portion of the ERCW cement-mortar-lined piping on June 17, 1986 (Ref. 35)L | |
This inspection, based on a special maintenance nnstruut1on (Ref. 26)., covered :
the accessible portion (approximately 40 feet long) of d1scharge header A, &
36-inch-diameter lirne. The first port1on of the wnspect1on was performed' by
W8N mechanical.maintenance personnel.using a video camera in the piping and TV
monitors on the surface. The inspectors noted: and marked anomalous

indications in the lining. The evaluator, after monitoring the TV =
examination, entered the piping and inspected the lining, including one @ &
particular indication identified earlier. This indication, approximately! | |
1-1/2 inches in diameter, on the top of theipiping, iconsisted of an irregular
indentation with rust discoloration. There were other similarly discolored
areas in the vicinity. The evaluator concluded that these indications may
have resulted from incomplete cleaning of this portion of the p1p1ng before

the linina was applied, resulting in inclusion of rust particles in the cement |
mortar. These indications appeared to be stabilized. Other indications : !
consisted primarily of narrow f111°d cracks and brush marks at | hand—repa1red
areas.

In general, the condition of the lining appeared to be:good, with no |
indication of deterioration having occurred!inl the nearly 4 years'since the
lining was applied. ‘ o

Onanina Inspections. TVA has committed to an ongoing program as follows::

o Yearly inspections of mortar-lined pipe samples that_ are submergedl ‘
in the Tennessee River at TVA's Singleton Materials Engineering/ | |
Laboratory. If tests indicate significant degradation of the Lo
lining, TVA will lnvest1gate the condition of the b
cement-mortar-lined ERCY pipe at WBN: The NRC found this progrdm
acceptable in the Watts Bar Safety Evaluation Report (Ref. 31)..

o} Visual inspection from the access points .to the: flrst erow in both

directions to identify and report on defects. (This. 1nspect1on has
been performed, as described above.?) oo
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o) Periodic inspection of heat exchangers to determine if there is a
buildup of cement mortar particles (Refs. 25 and 40).

4,2.2 Finding

There is no substantive evidence that the cement mortar lining is failing.
Although. a Targe quantity of mortar material was flushed from the system after
the lining was installed, this residue was believed to be from the lining
process, mainly material removed from areas that required repair. Even if
there were substantial lining failure, there would be no loss of
safety-related functions, because of system redundancy and because failed
}ining particles could be expected to settle before startup of the standby
oop.

4.3 Lining Installation Procedures (WBN)

4.3.1 Discussion

One concern (IN-85-529-001) stated that there were differences betweenh the
lining procedures used.at WBN and the TVA qualification testing program. A
second concern (WI-85-040-002) stated that an "inadequate procedure" was
used. The TVA test report for the qualification program (Ref. 29) states the
following:

"The qualification program was performed on full-size cement-mortar
lined pipe specimens. The lining procedure used was that of a
standard .commercial lining firm. ‘lo unusual lining practice or
precise research laboratory testing control procedure was used
during lining. Thus, the lined pipes tested should be
representative of commercially lined pipe. On the basis of the test
data and observed performance, a conventional, commercially oroduced
cement-mortar lined pipe is fully adequate for its intended function
in a seismically qualified Category I raw service water pipeline."

The pipe lining tested included machine-troweled and hand-troweled sections.
The WBN installation was more rigorously controlled than a conventional,
commercially produced cement-mortar-lined pipe because of additional layers of
inspection provided in the specifications (Refs. 2 and 27).

4.3.2  Finding

The procedures used to install and repair the lining were adequate and in
accordance with standard industry practice.. The procedures were similar to
those used for lining the samples used in the TVA testing and .qualification
program.

¥y
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4.4 Contractor Inspection and Documentatiom. (WBN) =~ = = =~ = | |
4.4.1 Discussion 3 S - ‘

The concerns that touch on this subJect specifically state that the

contractor's inspection criteria and plan were inadequate and that the:

contractor failed to perform or document‘rehu1¥ed 1mspecb1ons.‘ The ‘1atter ‘
issue was the subject of NCR 4270R, Revision 2 (Ref. 18). Unfortunately, th1s
addition to the NCR was issued several months after completion of the @ =
contractor's work. A subsequent TVA QA audit of the contractor's records

(Ref. 21) clearly confirmed that the contractor had an acceptable program o
plan, .but that it .was poorly implemented, resuiting in failure to maintain @ @ |
records of inspections. Because there is no documentation, no conclusion can

be drawn as to whether or not the contractor inspected the work. It is @ : =
possible that many of the required- inspections were not made. 'This 'subject is. l
discussed further in paragraph 4.5.1. Lo P

4,4,2 Finding j bl

The 1lining contractor's quality dssurance and inspection plans were adequate.

However, the contractor failed to.document results of many of the required

inspections. Therefore, it cannot be ascertained whether the required! | | | i
inspections were performed. Lining adequacy, in the absence of this « « . .
documentation, is based on the evaluation described in Section 4.2. P 0

4.5 Disposition of NCRs (WEM)

4.5.1 Discussion

Issues raised by several concerns are the numerous def1r1=n01es in the. l1n1ng
contractor's. performance of the work and the apparently indiscriminate

aoolication of "use-as-is" dispositions by ¢ nc1neer1ng Design.  Several WLRS

were issued during an approximately 6-month perioa, including 4117R, 4133R,

4163R, 4270R (including revisions), and 4357R (Refs. 4, 6, 8, 9, 12, 14, and

18). Most of the specific problem areas, and all of the areas ralsed in the

ECs, were covered by NCR 4117R. The technical problems covered by thi¢ NCR @ |

were sufficient to require a stop-work order until they were resolved. The '

other NCRs were, for the most part, concerns related to work in progress, iwith: @ . °
several of the original nonconformances recurring, although at-a substantialiy: :
reduced rate. Several TVA engineering menoxanda were issued to dispos1t10n

these NCRs (Refs. 5, 7, 11, 13, 15, and 19). Co ‘|

The three specific issues 1dent1f1ed in the NCRs related to the thhn1cal
quality, and their dispositions are. d15chsed below., @
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Inadeguate Mortar Thickness (IN-85-877-001). Engineering Design revised the
specification to allow a greater tolerance in the mortar thickness. The basic
reaquirements for the lining process are found in American Water Works
Association (AWWA) Standard C602-76, Cement Mortar Lining of Water Pipelines -
In Place (Ref. 30). In accordance with this standard, a nominal lining
thickness of 3/8 inch was specified by TVA, with a tolerance resulting in a
minimum allowable thickness of 5/16 inch. However, the 3/8-inch nominal value
in the standard is based on "ol1d" pipe. A 1/4-inch. nominal value is
recommended for "new" pipe (or 3/16-inch minimum). Inspection of the piping
prior to lining (Ref. 5) showed that the condition more closely matched that
of "new" pipe. Therefore TVA Specification N3M-921, Cement Mortar Lining of
the ‘ERCW System (Ref. 27), was revised to specify the minimum acceptabie
thickness of 1/4 inch. This change provided the Just1f1cat1on for the
"use-as-is" disposition of those lined sections listed in the NCRs as having
lining thicknesses between 1/4 and 5/16 inch.

Low Hum1d1ty During Curing of Pipe Linina. One of the apparent problems with

the pipe ]1n1ng contractor's work described by TVA QC inspectors was control
of humidity in the piping sections (Refs. 4, 6, and 8). The specification
reauired ma1nta1n1ng at least 90 percent re]at1ve humidity in the lined pipe
sections for a minimum 4-day curing period. Humidity control is important to
proper curing of the pipe lining to prevent rapid surface drying that could
result in cracks in the mortar 11n1ng Humidity measurements were to be made
four times each day during the curing process. The pipe lining contractor had

considerable difficulty maintaining the required humidity level in the lined
sections because of the humidity measurement process itself. End caps had to
be removed from the piping sections to gain access for the measurement. This
act1ondresu1ted in a drop in humidity during the period the end caps were
removed.

To determine actual humidity conditions during the curing process, a
continuous humidity monitor was installed in 3 newly lined pipe.

It was determined that adequate humidity could be maintained in’ the piping
sections by procedural controls (Ref. o{ Accordingly, the humidity
measurement requirement was deleted, and procedural controls for mawnta1n1ng
humidity were closely monitored thereafter. Because an acceptable curing
orocess is demonstrated by the absence of cracks, inspection of piping
sections after curing can show whether the curing process is acceptable. This
was the hasis for the "use-as-is" disposition of this NCR item.

Low Comoressive Strength. TVA Specification N3M-921 requires sampling of
cement mortar and preparation of test specimens for determining the
comoressive strenath of the material after 14 days. NCR 4133R, Revision 1
(Ref. 6), item 5.F, describes test results on a sampie for wh1ch the minimum
strength was 6, 266 psi, compared with a specified m1n1mum of 8,000 psi. The
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TVA Engineering disposition of this item included a statistical ana]yshs‘of‘
the data for all cement-mortar-material compressivel tests in accordance with
American Concrete Institute standard ACI:214-77, Standard Recommended Practice
for Evaluation of Strength Test Results of Concrete (Ref. 33). This analysis
indicated that the average 'strength of samples was 9,150 psi, and that all
deviations, including the above case, fell within the tolerances of 'acceptable!
standard practice. This formed the bas1$ for this “use-as is" d1spos1txd !
(Refs. 7 and 15),

Untimely Disposition of Documentat1on NCR. | Concern IN-85-630- 004 apparent]y
refers to the disposition of NCR 42/0R, Rev1s1on 2 (Ref. 18). ' The issue here
appears to be that the contractor's records of 1nspect1on were inadequate for
the areas from which nonconforming lining was removed. prior to making -
repairs. The contractual respon'1b1l1ty for perform1ng these inspections was
the contractor's, itself a point of d1sa¢reement between Engineering Design
and site QC. When the TVA QA audit of the contractor's records (Ref. 21) was
performed, it was clear that this.critical inspection had not been well =
documented by the contractor. This audit was inot performed until May 1983,
nearly 6 months after the contractor's work was completed. The eventual
disposition of the audit f1nd1ng> was "use-as-is" (Ref. 39) and relued on
analysis for suitability of service as discussed. in Section 4. 2. PO

It appears that, given the sensitivity of the division of inspection | | |
responsibility issue mentioned above, TVA QA/QC would ensure that the ' | |
contractor was document1ng its inspections in accordance with the contract
(Ref. 2)x Had TVA done so, the need for an after-the-fact d1spos1tnon of an
NCR would have been avoided. )

Another important aspect of this issue was identified !in WCR 4270R. The claim
is made that, as a result of the contractor being responsible for repair area
inspection (Ref. 13), the auality of the ' lining "cannot be determined." This
concept was carried through into the NSRS Report [-35-166-WBll (Ref. 23). ! In ai
report entitled "NSRS Perceptions of Watts Bar Status" (Ref. 40), issued lin!
early 1986, NSRS repeated its claim that the status of the 11n1ng was |11
"lndetermlnate "

4.5.2 finding ] I

The disposition by Design Eng1ne9r1ng of 'nonconforming cond|t1on reports\ !
(NCRs) covering the technical requirements for the cement mortar l1n1ng was
appropriate and adequately documented. However, oni NCR 'subject, not in ' |
Design Engineering's area of responsibility, was not dispos1t10ned in a timely
manner. No quality as ssurance audit of the WBN 11n1ng contractoir's records of |
required inspections. was performpd until several months after the work' was
completed. .
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4.6 Quality Sacrificed for Schedule and Interference with Site QC (“BN)

4.6.1 Discussion

Concern IN-85-442-X12 claims that Design Engineering "valued schedule over
quality" in both its issuance and monitoring of the pipe lining contract. No
direct evidence was found to substantiate this concern.

Concern IN-85-442-X12 states that Design Engineering prevented site QC from
monitoring the lining repair areas. QC was therefore unable to confirm that
bad mortar was chipped all the way to bare metal, and could not effectively
participate in an audit of the contractor, as discussed in Section 4.2.

As "discussed previously, the lining contractor was. responsible for inspection
of repair areas prior to relining. This was not a hold point in accordance
with the contract. There were two hold points for TVA inspection established
by the contract, both related to inspections prior to initial lining of pipe
sections. However, there was no evidence that Design Engineering prevented QC
from monitoring the contractor's repair work ‘other than the fact that the hold
point was not included in the contract, nor was it added after the original
problems were identified. A statement supporting Design Engineering's
contention was included in the memo (Ref. 10) dispositioning NCR 4270R,
stating that Construction "may at your discretion continue to perform
surveillance inspections on the repair procedures employed."

4,6.2 finding

o objective evidence was found that Design £nqineering was unduly influenced
by schedule considerations either in awarding the lining contract or in
dispositioning NCRs relative to the work (see Section 4.5 above). It was also
found that Design Engineering encouraged, rather than discouraged, site
Yuality Control's efforts to monitor the contractor's work.

4.7 HSRS Disoosition of Employee Concerns (WBN)

4.7.1 Discussion

Concern WI-35-098-001 relates to the handling of another concern in the
"Nuclear Safety Update," 10/11/85, published by the NSRS (Ref. 34). The claim
is made that the NSRS did not identify the basic problem associated with the
ERCY piping lining.
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The specific NSRS report deaﬂmng w1th Concern IN- 85 4]5 -002 was . 1-85-158-WBN
(Ref. 22). This 1-1/2 page report was condensed intd three sentences and,
with the concern, appeared in "Nuclear Safety Update," as fo]1ows

“"Concern: The essentIal raw cooling water '(ERCW), 11nes (intake at
pump house) are concrete lined, and are deterworat1ng This causes
continual failure of ERCW qysteﬂ dde Lo pIUggﬁng of strainers by
‘concrpte chips. ‘

"Results: A review of ma1ntenance reQUests, new' water samples, and

interviews found that pieces of montar chips were seen during 'the

initial system restart, but they were'a result of -the 'installation

process. The mortar uh1ps were flushed out and no others have been

seen since. HNo mortar chips were found in the water samples which

were taken, and no failures of the 'strainers have been atterdted tb
- plugging by mortar chlps. -( IN-85-415-002)*

The issues identified in the NSRS report are discussed in Section 4,2, This
report documents interviews with knowledgeable personnel and discusses lining'
deterioration; however, the report doesinot address the concern that there’
have been continual failures of the ERCW system due to strainer plugging. '

4.7.2 Finding

A published summary of an NSRS dwspos1t10n of one of the emo]ovee concerns wa<
excessively brief and could lead the reader to believe that the #SRS ! | !
investigation was not surf1c1ently thorougn. Hewever, it was always 1ntended
that the full investigation reoorts would be made available to interested
parties (Ref. 43). The full NSRS report for this particular concern was
detailed enough to show the employee that the investigation was suff1é1ehtly !
thorough, ‘

4.8 Completeness of the Linihgﬁ?rdceﬁs (BLN)
4.3.1 discussion

Concern BNP QCP-10.35-8-24 requires further examination. The term "protective
coating" was used by the concerned individuall (CI). Normally, the term ‘
“lining" is used to describe a material ‘applied to 'the inside of o1o1ng and’
“protective coat1ng" is used to describe the exterior' of certain p1p1ng, sucn
as that which is buried underground. The buried portion of the ERCW p1p1ng 1s
provided with such an external coating. However, because there are no other
employee concerns that relate to protective coating on any piping system, and '
the lining of the ERCW piping was the subject of many concerns, the evaluat\on
team concluded that the use of the term "protectiive coating” by the CI

resulted from unfamiliarity with the distinction between the terms deﬂcribed e

above, and that the term "I1n1ng" was intended. ' . o Lo

2858D-R11 (1]/1@/87)

(14

IIQI




TVA EMPLOYEE CONCERNS REPORT NUMBER: 23300
SPECIAL PROGRAM REVISION NUMBER: 4
Page 19 of 34

The term "section" of piping, as applied to the actual ERCW pipe lining

process, referred to lengths of approximately 1000 feet. These lengths were
. -bounded by short sections removed from the piping to provide access for the

contractor's lining operations. Because of the terminology problem mentioned
in the previous paragraph, it was assumed that it was not the CI's intent to
claim such an extensive omission of lining. Therefore, this investigation
decided. that the concern might apply to any portion of the lining, regardless
of length.

The specific scope and description of the lining contractor's activities are
contained in two TVA specifications (Refs. 50 and 51). These specifications
require several levels of inspection of completed work, as follows:

o] Primary inspection responsibility was assigned to the contractor's
inspectors.

) TVA inspectors were assigned to monitor the work of the contractor's
inspectors and to perform independent inspections.

o _The TVA Project Manager for lining activities inspected each section
© of pipe after it had been lined and each closure piece after it had
been repaired and hand lined.

One possible origin of the concern is the difficulty in completing those.
portions of the lining covering final closure welds in the pipe sections
removed for access to the buried piping. At WBN, an accessibility problem
prevented hand lining of these final closure weld areas. However, at BLH,
provisions were made to maintain access even to these areas, so that all of
the main ERCW piping. headers could be completely lined.

A final report (Ref. 52) issued by TYA relative to Raymond International's
performance of the lining work at BLN stated that “the application of the
cement mortar lining was performed in a very satisfactory manner, and TVA
CONST was well pleased with the coopeiration given by the contractor's field
personnel.”

4,.8.2 ?inding

In view of the multiple levels of inspection provided, the thoroughness in
planning the accessibility for lining operations, and the satisfactory
performance of the contractor, it is highly unlikely that any of the required
lining was not completed.
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4.9 Lining Integrity at Changes in Direction (BLN) =~ =~ = [ | |

4.9.1 Discussion.

The concern questions the quality of 11n1nq at piping "bends. u In practice,
. no pipe bends were used to change p1p1ng direction. Instead, we]ded elbows
were used.

The main issue of this concern appears to be the quality of hand - rather than
machine - application of the cement mortar lining. Because it is “impractical
to machine line all piping, the short sections of piping welds must be hand |
lined after piping is reinstalied.. Most areas to be repaired (usually for
excessive cracking or for lining that is too thin) must be hand 1ined. after
substandard lining is removed. Therefore, hand 11n1ng must be as capable of ‘
producing qua11ty lining as is machine lining, and, in fact, it ‘is. Machine |
lining primarily has economic advantages, but also produces a more-uniform K
thickness and a better surface finish. Hand lining can be of- h1gh qua11ty
because the craftsman is able to observe and control the prOCLSS during
application.

The concern specifically mentions Lhe use of hand lining at changes in piping:
direction, implying that machine lining ‘at such locations was not

practicable. The TVA final report on the contractor's work, referenced above, P
contains the following item in a 'llst of "problems encountered”: ‘ ‘

"Lining Pipe Elbows - The mechanical trdowels on the. llnlng mach1we |
were not designed. to operate at pioe elbows; therefore, it was' @
necessary to apply the lining 'to!pipe ielbows with the mechanical
trowels removed from the lining machine.' Ohce the 11n1ng was |
applied, then the e]bows were hand-finished." . ‘

It may be seen from the above that, at glbows, only the f1n1sn1ng, not ‘the '
application, was performed manuallv, 1n\contrast‘to the stitement contained in
the concern.

4.,9.2 Finding ﬁ .

At elbows, only the finishing, not the application, was perfo:med manda]ﬂy,‘In
contrast to the statement contained in the concern. However, hand llning is
an acceptable method for producina quality 11n1ng and is used for repairs and
for other lining where machine appﬂ1cat1on is impractical.
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4,10 Inspection Adequacy (BLN)
4.10.1 Discussion

The CI points out that more TVA inspectors were employed at WBN than at BLN
for similar work. The CI indicates that WBN experienced "quality problems,"
which is a reasonably correct statement, as indicated in the WBN review. The
CI is concerned that, with less TVA inspection, BLN would be expected to have
a relatively greater number of problems than WBN. .
As indicated in Section 1, different contractors applied the ERCW lining at
WBN and BLN. At WBN, significant technical problems arose shortly after the
lining work began, to the extent that a stop-work order had to be issued until
the problems were resolved. Numerous NCRs (see Section 4.5) were issued
throughout the performance of contractor's work. Although the primary
inspection responsibility was the contractor's, as it was at BLN, it is
evident that the contractor failed to perform. the required inspections.
Therefore, a greater burden of inspection fell on TVA at WBN.

As described in Section 4.8, the contractor's performance at BLN was
satisfactory. Review of the referenced final TVA report shows that only three
NCRs (Refs. 54 and 55), covering minor issues, were issued during the course
of the BLN lining work.

Considering the abové, the difference in number of TVA inspectors employed at
WBN and at BLN appears to indicate not a cause of difficulty at 8Li, but
better contractor performance at that plant.

4.10.2 Finding

TVA inspection at BLN was found to be adequate. Fewer TVA‘inspectors were
needed -at BLN than at W8N because contractor performance was 'better at BLH,

4.11 QA Documentation Adequacy (8LN)
4.11.1  Discussion |

As indicated previously, the contractors had prime responsibility for
performing and -documenting required inspections (Ref. 51). The CI appears to
be indicating that this self-inspection arrangement may have contributed to a
lack of quality assurance of the contractor's work at BLH.

The contractor QA programs at WBN and SLN were conceptually identical. At

WBN, the contractor's QA program was characterized by TVA QA as "a
well-conceived documented program [which was]) pogyly implemented." o
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auditing of the WBN contractor's documentation of his 'work was performed until
several months after the work was completed. Most of the required inspections
were found to be undocumented. In contrast, TVAl audited the BLN-contractor
while the work was being performed. The TVA Quality Assurance Audit Report
(Ref. 53) found that "no deficiencies-were lobserved." i I @

It appears that the inspection/documéntation work at BLN did not compromise
the QA requirements appliicable to the lining activities. b

4,11.2 Finding

Quality assurance documentation peridedlby the contractor atQBQN was found to

be. adequate. Documentation responsibility was assigned to the contractor by
TVA. Audits performed during the BLN lining activities found no documentation
deficiencies. ‘ ‘

4.12 Summary

The classified findings are summarized in Table 1. Class A and 8 findings
indicate that there is no problem and that corrective 'action is not required.
Class C, D, and E findings require corrective'action. ' The corrective action
class, defined in the Glossary Supplement, is identified in the table by the
numeral combined with the finding class.! For 'example, the designation D3 in
Table 1 indicates that the evaluated issue was found to be valid (finding
Class D) and that a corrective action involiving documentation requirements
must be taken (corrective action Class 3)}. ' ' 1+ =+ = ]

Findings are' summarized by classification in Table 2. ' Of the 11 findings
identified by a classification in Table 1, nine require no corrective action.
The other two findings resulted in new corrective actions. 2oth of these
findings resulted from issues originating at WGN. ‘ ‘

5. CORRECTIVE ACTIONS

Table 2 identifies two findings that require corrective action. However, the
second finding covers an issue that is the subset of the much broader first
finding. Therefore, only one correctivel action is required for the two
iS?gés, CATD 233 01 WBN 01 described the required corrective action as
follows: ‘ Lo

"The contractor for installing the ERCW piping cement mortar lining
failed to document requifed‘inSpettiong. ' This failure was covered
in NCR 4270R, R2. Action on thisl #0R was' not taken in 'a timely
manner. Follow-up action is required to prevent recurrence of such
problems." ‘ . ‘
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The detailed corrective action description is provided in Attachment 8. The
purpose of the corrective action was:

". . . to provide a means of controlling QA. . . contractor
activities . . . at TVA nuclear power plants and for providing a
means of notifying the Nuclear Quality Audit and Evaluation 8ranch
(NQA&EB) of onsite contractor activities."

This corrective action is also summarized in Table 3, along with its
corresponding finding/corrective action classification. This corrective
action is identified as applicable only to WBN. However, the corrective

.action taken was generic to all four plants.

From the Finding/Corrective Action Classification column of Table 3, it can be
seen that the single corrective action identified requires action involving
documentation requirements.

The evaluation team found the corrective action plan to be acceptable to
resolve the findings.

Other corrective actions, at a much broader level, have been initiated by TVA
to address issues that underlie the specific issues covered in this report.
These actions are discussed briefly in the following two sections on causes
and collective 'significance. :

6.  CAUSES

Table 3 identifies "Inadequate Procedures" and "Lack of Management Attention"
as the causes of the problem described in Sections 4.4 and 4.5. However, this
is an oversimplification of a complex problem to which there appear to have
been many contributing factors. Several of these factors were in areas beyond
the scope of the Engineering category.

At the most immediate level, the factors that appear to have contributed to
the problem were as follows:

0 Contractor unfamiliarity with performance of work under a QA
program.. The contractor tended to perform the work in the manner to
- which it was accustomed, i.e., with minimal paperwork. The list of
previous work submitted with the contractor's proposal did not
include any performed on nuclear power plants (Ref. 37).

0 Schedule pressures on contractor and TVA construction personnel.
* Lining of approximately five miles of piping, involving complex
logistics, 'had to be completed within approximately three months,
according to the contract (Ref. 2). e
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o Focus on more direct quality problems. As findicated in Section 4. 5,
numerous NCRs were issued covering a broad spectrum’ of contractor ’
nonconformances to specification technical requxrements., These NCRs
required substantial effort by construction and engineering:
personnel throughout the contractor's work. However, the NCR that
recommended auditing the. contractor's 'inspection records was not | P
issued until the work was virtually completé (Ref. 12) ' | [ | [ | ’

As indicated in Section 4.4, the contractor's QA program p]an, based on TVA s’
contract QA requirements, was not the cause of the problem. What appear to
have been missing were TVA procedures to assure 1mp1ementat1on of nontechnical
specification requirements. Procedures for the following were inadequate or
nonexistent: ‘ C
0 Defining 1nterorqan1zat10na] responsibilities and commun1cat1on51
methods

0 Scheduling and initiating audits of documentation

o Informing concerned personnel of contractor capabilities and
qualifications, to ass1si planning of contractor surveillance

The TVA contract (Ref. 2), in the "Special Conditions" section, contains the
following relevant provisions: N S S S

"Technical Enqineer. The Technlcal gngineer shall be . . ., Chief,’
Mechanical tngineering Branch . . . {Knoxville] . . . He will (a)
represent TVA in matters concerning the amount, auality, acceptability,
and fitness of the work and materials to:be furnished under the contra1t
and (b) answer all questions which may arise as to measurement of . b
quantities and the fulfillment of the technical requirements of the
specifications. Communications relative to the techn1ca1 matters should
be directed to h1m." (page 1)

"Project Manager. The PrOJect Manager shall be . . . [WBH. 51te], who
shall represent TVA in the inspection of materials, procedures, and
quality of work at the construct1on site." (page 1) ‘

"Inspection of Installation. Inspection at the site and of installation
will be the duty of the Progeot Manager who shall have access to 'theé wbrk
at all times and shall be given every facility for maklng unhampered
inspection.” (page 2) ‘ .

"Access to Work Areas and Contractor Records. The Enq1nee angd his

— et e e et

assistants or other au‘h‘anzed_;ent_'or TVA shall at all times have
access to all places where work is being done ta prov1de services under
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this specification, and they shall have full facilities for unrestricted
inspection of such work. The Engineer and his assistants or other
authorized agents of TVA shall also have access, at all times, to the
Contractor's records and files for material provided under this
specification for the purpose of conducting quality assurance audits and
inspections." (page 5)

"Quality Assurance Program Manual Submittal. The Contractor's Quality
Assurance Manual shall be submitted in accordance with appendix £ to TVA
for review and acceptance by the TVA Division of Engineering Design
Quality Assurance Branch. After award of contract, the program and
manual shall be available for review and accessible to audit throughout
the life of the contract. The Contractor shall, during the life of the
contract, submit all proposed changes of his Quality Assurance Program to
the Quality Assurance Branch for review and approval prior to
implementing the change. A1l revisions to the Quality Assurance Program
shall be identified by the TVA project name and contract number."

(page 6)

Appendix B to the .above contract, covering QA requirements, provides further
amplification of the above in Section 14.0, Quality Assurance Records, and
Section 15.0, Audits. These records are clearly defined as a deliverable
product under the contract.

Ffrom the above quotations, it is clear that there was a definition of division
of responsibility between Engineering in Knoxville and the Project ianager (a
member' of the Construction organization). The Project ilanager was responsible
for reviewing all contractors' activities at the site related to "quality of
work." These would appear to include maintenance of required documentation
while it remained at the site. Although it would be expected that the Project
Manager would utilize Construction QC personnel to provide this review, it
appears that there were no procedures for reviewing the software portion of
the work of onsite contractors. It appears that Construction QC did not
understand this to be its responsibility, as it recommended a QA audit of the
contractor's documentation (Ref. 12).

From the corrective actions that were taken, it appears that TVA did not have
adequate means for informing (A personnel responsible for performing audits
that there was a need for their services on a particular activity at a
particular time. The Nuclear -Quality Audit and Evaluation Branch has been
established to evaluate site contractors' qualifications in order to determine
how closely the contractors' activities should be monitored and to schedule

appropriate aydits.
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From the quotations, it may also be seen that the Englneer1ng contract
requirements, relative to documentation requirements and provisions for |
following the contractor's activities, were reasonably complete and clear
except for -the specific re.pons1b1l1tles of the Project Manager.‘ ‘

On a broader basis, the underlying cause of the “Inadequate Procedure<" ‘was' a
“Lack of Management Attention" to QA in general. This appears to have been |
the case within the engineering organization, as well as at higher lévels of

TVA management. Within the engineering organization, there appears to havel | |
been adequate front-end consideration of QA, but it .does not appear that'any | |
followup activities were attempted in this area. The fact that ho audit of

the contractor's records was made until several months after the work 'was
completed gives ample evidence of the lack of attention paid to this. aspect

of ‘the work.

The following. is a brief review of other subcategory reports that proV1de bl
information relative to the fore901ng discussion of causes. . |

0 20400 E@g_neer1%8T0rqanrzat1on and Operating Procedures (Ref: 61) =«
Under element 20 _'0rgan1zat1onal\Surutture¢ Tssue g covers a "lack of |
effective communication and interface control . . . between EN- DES and

other divisions." -Communication and interface problems were found 10
exist between EN DES and other organizations (not including’

Construction). “Inadequate Procedures" and "Lack of Management @
Attention" were among the problem causes identified in th1s subcateqory
report.

o 70600, Management Technigues (Ref: 62) - Under the genera] f1nd1ngs, it
1s stated that "management technique 1in ONP . . . was marred by a lack
of clearly established lines of Aauthority, by poor comnunications with'
employees, by an absence of teamwork based on shared beliefs and ‘
information. . . ." Under element 70604, Faulty Commun1cat1on, it was:
found that "ONP managers need 1mprovement in communication $kills and |
should be held accountable for communication respon'1b111t1es *  Under
element 70605, tLack of Commitment to Quality, it 'was found that "'quality
assurance' requirements were riot well defined or effectively communicated
to the line responsible for the work, and the respons1b111ty of the QA
organization was not clearly establxshed." Also, "the lack of acceptance
bases resulted in QC inspectors, construction engineers, ‘and QA personnel
all trying to determine acceptability.” 'The cause of these problems was
that "TYA repeatedly applied its management experience drawn from. its
design and construction of fossil and hydro power plants to its nuclear
‘program,” failing to recogn1ze the “manaqer1a1 challenges un1que to the
nuclear industry," ] !
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o 80100, Uuality Assurance Management and Policy (Ref. 63) - This report,
in"the Quality Assurance/Quality Control category, includes findings of
significant deficiencies in several areas, including QA organization and
training, and audits of construction activities. It also provides
historical perspective relative to TVA QA program development. For
example, the TVA QA program has undergone three major changes in
direction since the subject contract was issued. The first, creation of
the Office of Quality Assurance, occurred during the late stages of the
performance of this contract work. (This major reorganization may have
been another factor contributing to the failure to monitor contractor QA
program compliance.) ’

7. COLLECTIVE SIGNIFICANCE

The evaluation team's judgment as to the significance of the corrective action
listed in Table 3 is indicated in the last. three columns of the table.
Significance is rated in accordance with the type of changes that are expected
to result from the corrective action.

The 23 concerns expressed in the subcategory Essential Raw Cooling Water
Piping resulted in two issues requiring a single corrective action as a direct
result of the employee concern program. No additional corrective actions were
required other than those implemented before the ECTG effort.

Table 3 shows that the single corrective action required in this subcategory
resulted in document changes. The changes were procedural and organizational
in nature. The corrective action was considered significant because it should
prevent failures of contractor QA documentation activities, such as those that

* occurred at Watts Bar. .

Most of the employee concerns (21 of 23) raised issues in the areas of
technical adequacy or design process effectiveness. None of these required
corrective action. Only three of the employee concerns raised issues related
to contractor inspection and documentation. This is the area for which
corrective action was necessary. The evaluation team considers it significant
that the employees' perception is that an actual quality problem, as opposed
to a paperwork problem, still exists for the ERCW cement mortar lining.

The evaluation team also feels it is significant. to note the sharply
contrasting experience at the Watts Bar and Bellefonte plants in the area of
contractor QA documentation. With virtually identical engineering
specifications and contractor and TVA QA program plans, and with closely
overlapping time frames for similar work scopes, opposite results occurred.

At Bellefonte, not only did the contractor provide proper QA documentation,
but TVA audited the contractor's documentation in a timely manner. Tnis level
of performance indicates that the TVA corporate and-site procedures in place

.
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at that time were capable of producing, although not assuring, desired :
results. As indicated in Section 6, these procedures were far from complete,
which created a potential for such different responses. It is possible that a
more positive attitude toward QA existed at BLN at that time. It alsc appears
that the factors mentioned at the beginning of Section 6 -- contractor | | |
inexperience, schedule pressures, and focus on numerous technical ‘problems ~-
were relatively less significant at BLN than at WBN. However, the evaluation'
team considers that these conjectures relate to issues primarﬁly]outsidelthe
scope of the engineering category originating at higher levels in the ITVA | |
organization. These issues appear to be a subset of the broader issues that
have resulted in the significant organ1zat1onal and procedural changes that
TVA has made since these probiéms occurred in 1982,

The TVA Corporate Nuclear Performance Plan (CNPP) describes 1mprovements in
TVA QA organization and procedures. (Ref. 60). Improvements have been made in .
the TVA organizational structure, with clearer assignment of respons1b1]ity !
and authority, consolidation of the nuclear organization, centralization of
site activities, and 1mprovements in management system programs and @
‘procedures. No mention is made in the CNPP of the specific changes to the TVA
NQAM described in Attachment B to this report. However, reference is ‘made in:
this section to two of the QA functional groups affected by the changes, the
Nuclear Quality Audit and Evaluation Branch and the Site Quality Managers.

The concluding sentence of this CNPP section states that the actions will help
assure ", . ., -that lines of responsibility and authority for nuclear QA/QC
activities are clearly defined . . ." These actions should greatly r&du¢e the
probability of recurrence of those. probIem< as described in +h1s report.:

The results of this subcategory evaluation are being combined with the other
subcategory evaluations and collecf1ve1y reassessed in the Engxnper1nq
category evaluation. ‘ I N A T Do
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CLASSIFICATION OF FINDINGS AND CORRECTIVE ACTIONS
Finding/Corrective
Issue/ Action Class*
Element Finding** SON WBN BFN 8LN
233.1 Quality of Concrete Pipe a - A - A
Lining b - A - A
c - A - A
d - 03 - A
e - D3 - -
f - B - -
g - c2 - -
*Classification of Findings and Corrective Actions
A. Issue not valid. 1. Hardware
No corrective action required. 2. Procedure
B. Issue valid but consequences acceptable. 3. Documentation
No corrective action required. 4. Training
C. [Issue valid. Corrective action 5. Analysis
initiated before ECTG evaluation. 6. Evaluation
0. Issue valid. Corrective action 7. Other
taken as a result of ECTG evaluation.
E. Peripheral issue uncovered during ECTG
evaluation. Corrective action required. L,

**Defined for each plant in Attachment B.
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. TABLE 2
FINDINGS SUMMARY

Plant
Classification of Findings = | | | SON' WBN BFN BLN  Total
A. Issue not valid. No corrective - 3 - 4 7
action required. N P
B. Issue valid but consequences acceptab]e - 1 - 0 1
No corrective action required.. ‘ P
C. Issue valid. Corrective action - ] - 0 1
initiated before ECTG evaluation. .
D. Issue valid. Corrective action taken - 2 - 0 2
as a result of ECTG evaluation. L
E. Peripheral issue uncovered durwng - 0 - 3 03 0
ECTG evaluation. Corrective action ‘
required. ‘ |
Total - 7 - 4 R

2858D-R11 (11/16/87)




{Aolt 3
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] CAUSES OF NEGATIVE FINDINGS ¢ - [ |
| | . | TECHN1CAL 1 |
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. I3 121 31 41 51 64 21 81 91 o] n| 1 13 1 W ) )5t e 1 |
|Frag- § i JProce-{inede-}) } i \ 11nade-] |Engrg JDesign]lnsul.] | | | Sigaift- |
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ELEN CLASS.*¢ CORRECTIVE ACIION X Laly ftfon {trag |dures |lowed Jcation]lssues|Atten [Bases [Cales fci). |Uetafi)[mented] Met [tion |lowed |Error |Error | O | M ] H |
) | | | I | | oo | 1 1 1 1 ] | | 1 1 |
23.1 03 Provide means for controlling Wik 01 | i 1 x 1 | | | x 1} ] | } | | | | | | jal-]-1
suocontractor quality . | i | | i | | | | i | i | | l l | v
assurance activities | | | | | I 1 | | | | l | | | | | T
| I | I | } | I | - I | | | | | [ |
i { i | | | | | i | IO | | i } } 1 | T

“

e pefined in the Glussary Supplesent.

e¢ Defined in Tadle I.
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GLOSSARY SUPPLEMENT
FOR THE ENGINEERING CATEGORY

Causes of Negative Findings - the causes for findings. that requ1re corrective:

action are categorized as follows:

1. Fragmented organization - l1nes of authority, respons;b111ty,‘and
accountability were. not c]early defined.

2. Inadequate gquality (Q) trajning = Personnel were not 1ul]y tralnPd 1n
the procedures established for des1gn process control and in the‘ o
maintenance of design documents, including dudits. ‘ ?

3. Inadequate procedures - Design and modification contrcl methods and
procedures were deficient in establishing requirements and did not
ensure an effective design control program in some areas.

4. Procedures not followed - Ex1st1ng procedures contro]¥1ng the design

process were not fully adhered to.

5. Inadeguate communications. - Commun1ca11on, coord1nat1on, and
cooperation were not rully effective in supplying needed information

within plants, between plants and organizations (e. Ges Enqmeermc, | ‘

Construction, Licensing, and Operations), and between
1nterorganmzatlonal dlsc1pl1nes and departments. SR

6. Unt1me1y resolution of issues - Problems were not resolved in ‘a rmmely

manner, and their resolut10n was not aqgressively pursued. b

7. Lack of management attention - There was a lack of management '

—————— ———————

attention in ensuring that ‘programs required for an effect1ve deﬁ1qn
process were established and implemented. ‘ !

8. Inadequate design bases - Uesign bases. were ldcking, vague, or :
incomplete for design execut1on and verification and for des1gn change

avaluation.

9. Inadequate calculations - Desmgn‘caﬂcdlatlons‘were 1ncomplete, used
incorrect input or assumptions, bor otherwise failed :to fully

demonstrate compliance w1th design
output documents.

requirements or support design

10. Inadequate as-built reconc111at1bn = Reconcliliation of de51qn and

licensing documents with plant as-bu11t condition was lack1ng or

incomplete,
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11.

12.

13.

14.

15.

16.

17.

Lack of design detail - Detail in design output documents was .
insufficient to ensure compliance with design requirements.

Failure to document engineering judgments - Documentation Justifying
engineering judgments used in the design process was lacking or
incomplete.

Design criteria/commitments not met - Design criteria or licensing
commitments were not met.

Insufficient verification documentation - Documentation (Q) was
insufficient to audit the adequacy of design and installation.

Standards-not followed - Code or industry standards and practices were
not complied with.

Engineering error - There were errors or oversights in the
-assumptions, methodology, or judgments used in the design process.

Vendor error - Vendor design or supplied items were deficient for the
intended purpose.

-

Classification of Corrective Actions - corrective actions are classified as

belonging to one or more of the following groups:

Hardware - physical pnlant changes
Procedure - changed or generated a procedure

Documentation - affected QA records

Training - reqqired‘personne]‘education

Analysis - required design calculations, etc., to resolve
Evaluation - initial corrective action plan indicated a need to
evaluate the issue before a definitive plan could be established.
Therefore, all hardware, procedure, etc., changes are not yet known

Other - items not listed above
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Peripheral andlng (Issue) - A negat1ve finding that does not resu1t directly
from an employee concern but that was uncovered during the process of
eva]uat1ng an employee concern.. By def|n1t10n, per1pheral f1nd1ng> (issues)
require corrective action. e ]

.
\
.

Significance of Corrective Act1ons - The evaluation team's Judgment as to the
significance of the corrective actions 11$ted in Tab]e 3 is indicated in the
last three columns of the table. SIgn111cance is rated. in accordance with the
type or types of changes that may be expected to result from the corrective
action. Changes are categorized as: oo

o Documentation change (D) - This is a change to any. des1gn input or
output document (e.g., drawing, |specification, calculation, or | |
procedure) that does not result 1n a‘ s1qn1f1cant reduct1on in design
margin.

) Chanqe in design margin (M) - Th1s is a'change in design
1nterpretat1on {minimum requirement vs actual capability) that results
in a significant (outs1de normal limits of. expected accuracy) change
in the design margin. All designs' include margins to allow for error
and unforeseeable events. Changes in design margins are a normal and
acceptable part of the deSIQH and construction process as long as the! ' . -
final design margins sailsfy regulatory requirements and applicable
codes and-standards.

o Change of hardware (H) - 1‘h1s i$ al ohysmcal change to an existing
plant structure or component that results from a change inthe design!
basis, or that is requxred to correcu an 1n1t1a11y 1nadequate design |
or design error.

If the change resulting from the corrective action is Jjudqed tobe ' 1
significant, either an "A" for actual or "P" for potential is entered into 'the
appropriate column of Table 3. Actual is distinguished from potent1a1 because
corrective actions are not complete and, consequently, the scope of réquired '
changes may not be known. -Corrective actions are judged to bhe s1gn1ficant qf

the resultant changes affect the overall quality, performance, or margmn of a

safety-related structure, system, or component. - !

28580-R11 (11/16/87)
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‘ : ATTACHMENT A

EMPLOYEE CONCERNS
FOR SUBCATEGORY 23300

o

Attachment A -- 1ists, by element, each employee concern evaluated in the
subcategory. The concern number is given. along with notation of any other
element or category with which the concern is shared, the plant sites to which
it could be applicable are noted, the concern is quoted as received by TVA and
characterized as safety related, not safety related, or safety significant.

0107A-R56 (11/16/87)




LUNCERN

ELEMENT WUMBER

.

233.1 Wi-85-Uqu-vU2

wl-85-U95-001

iN-B5-177-004

IR-85-33/7-001

fH-85-415-0u2

Iy
M (e
W

- v ' Ve ta -

ALt A

EMPLUTLE CORLERNIS FUR SUBCATEGURY $23300

PLANT APPLLILABILEYY
Lwallon  SQ8 WeW grw BN
WU X
woil X
BLi X
WBN X
B 1 { . S
WUN X
WUN I
el 0t st wately e lalad or wofely o iand
FOdLlu, fius sarsiey sUSUILU) Ui ourlyy 500

Revision Number: 4
PAGE A-2 OF 5

CUNCERN DESCRIPEIUNA

“tkLW Cement mortar lining was installed utilizing an fnadequate
procedure & inspection plan.which resulted in bad workmansnip.& a
numver of NURs in 198Z2.%  (SR)

*Cl expressed tnat Lne results ot the investigation of concern
IN-45-415-00¢ (Veterioration of Ceswnt Mortar Linings of EKUW Liies)
ey repurted in the 'Nuclear Sately Update® datea 10-11-85, (1 stated

that tne pruulum was not |duutllled any that the favestigators wmust
¥

[ PR :1 l,.a 1aalila an neahlaw 8 (ADY
ll\lt llll'(. llll\l "C“:U ycl )UQIIICI RIIUHICUHCQUIC UI AL UU'CIII. Ay

[2g

"DLIIEIUHH:. Ll qut;uons lI\. lnspecuun and qullLy 'L Illlllg
work at Belletonte site witn one YC Inspector on the Job. when WENP
experienced quality problems on tRUH Tining at Watts Bar with five Y
fnspectors on the Job. Furtnerwore, at Bellefonte, the contractor
ti1led out 1VA QA documentativn.® (SR)

“tRLW piping

concrete Yining In pipe may be cracked, could cause
cuiiciete pariict

¥ o e €. LWl RY YN 4Cer Y
ICIED . WU JUUT varves, CiL. Loy}

spray on grout, bub5cquunl tlaking ot rcpalrcd areas has resulted in

repested tailures of putps associated with the plplng system.™ (bk)

“tkud Vine coming (rom inlakc puup]ug station has a cement llner.
ISK,, PR PR R - - . -

“ERUW Tines {intuke dU pusp nouse) are concreie Yied, and are-
deteriorating {sic), Inis couses “cont fuwal tailure of ERLwrsyslem due
to p1ugglng ot straiuers by concrete cnips.” (5R)

af Ru e e

-
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CONCERN
ELEMENT NUMBER
233 IN-85-442-X12
{Cout‘d)

1R-B5-890-00Z

1R-85-529-0U1

1H-85-509-001

© IN-85-63U-003
(shared witn 2450V)

PLANI

LUCALLUR

WuN

Wil

WUl

HBN

Hbn

AFTACHMENT A

EHPLOYEE CURLERND FUR SUBLATELURY 23300

Revision Numver: 4
PAGE A-3 OF 5

APPLILALILLTY

Wt Gl CONCLRH DESCRIPTIUN®

“tRtw pipe is now losing its cement wortar lining because desiyn
enyineering in Knoxville valued scnedule over quality In tneir
Issuance and munitoring of tne pipe lininy contract. They allowed the
contractor to enter tne pipe - wnich had been sealed to ensure pruper
curing - vefore curing tinme was up. They allowed thne contractor to do
wiatever rework he wanted to and prevented IVA QC from monitoring to
see Uial bad murtar was chipped all the way down to bare metal. As a
result mucn of the rework was nothing but coswetic cover-up. (U
conplained to engineering & wrote NCRs, but engineering gave ‘dish
ray' dispositions ('don't worry about it - that's the contractor's
problem'). Contractor did not inspect his own work per contract
provisions. Sile Y requested to participate in audit of contractor:
Desiyn tny wouldn®t allow this, and said that the whole problem was
the site YU department but; countractor's work was so bad that some
sections ot pipe were reworked 100X,  #uch ot the mortar lining was
tlusned into tne nolding pond during sysitem) flush. UC has since
ubserved that all repair patcnes nave been tlushed out of at least one
section. UC daily loyg (May-Auy, 198Z) nas information on related
activities, meetings and concerns.” (3K)

“Leuent mortar Viner of tROW piping, Iaproper curing & placing
. tenpersture. NUR'S processed with aispusition to use as is & specs
Chatiyed.”  (5R)

“tred lines, wita cuncrete/gyrouty tiner,! were not installed in
accordance witn procedures used to test/quality lining process. As a
result, Viner is tailing, and pieces are clogying strainers and
adversely attecting reliable uperation of ERCH punps.”  (SR)

*Concrete/yunnite Yiner ot carbon steel ERCW line was installed to
prevent adverse fmpact upon System operation due Lo scaling of carbon

. steel line, €1 s concernwd tnat tne Vining will wear througn and
fail at fittings and otner areas of cnanying fluw direction or
pressure.” (SR} -

“Emeryency Raw Lovling Water (EKCH) intaxe Vines were improperly
fustalled by tne subcontractor. Several Nonconformance reports were
written, a1l vt wnich came back dispusitioned as 'No signiticant
problem.* Cl disagrees witn these dispositions.” (SK)

* SR/KU/SS indicates satety related, not sately relatey, ur salely signilicant per determination criteria in e ECIG Progrom manual end opplicd

vy TVA petore evaluatiuvms.

22/0u-5 (11/16/8/)




AHIALHHCNT A
tiaPLuYEe Culivtnd FUR SUBCATEGORY 23300 .
Revision Humber: 4 -
. PAGE A-4 OF 5
CUNCERN PLANT APPLICABILETY "
ELEMENT KusBER Lucal iul M wdh T BFR o -CUNCERN DESCRIPTION®
233.1 IN-U5-b30-Yua WUN X “Luntractor {knuan) tor tne lining installation on tne Emergency Raw
(Cont'd) (shared witn Zaduu)- Cuoling Water (ERCH) fntake Vine was required by contract, to maintain K3
appropriate documentation relative to work performed. A ]
Ronconturmance Report was written, and dispositioned ‘use as .is® after .o
tne cuntractur twice tailed to produce the required documentation.™
(5R) . :
1N-BY-030-0U5 HBN X “Inspection criteria tor taergency faw Cooling Hater Vines was not .;
! dduquate,”  { 5K} -
s IN-B5-713-U04 LT X FPipe run Irom inteke puop house Lo vuilding s Tined with concrete. .
-Concrete coulu bredk oft and tne pleces coulu become stuck in pumps,
| valves, «le.” (3K) .
i IR-85-Y4b-002 WEN X “tweryency Raw Cooling water (EKUW) 0% dismcter Vines nave a ‘grout’ W
| Viner. The potential exists for thils Viner to deterforate, and chuiks
ot yrout to cause damaye/fallure tu intake pusps: this could be a
s - saicily, hdazerd to nuclear operstions.® {3K) e
"""""""" ili-g>-877-001." -~ © - CWBN X T T T " bUKH line was accepled by Knoxville Englneering even though Watts .
{shared witn 245uV) . Bar YA tuund and documented tne tollowing nonconformances: . (1981/1982) .
| L. 0id not wewt min tnickness (Viner), -
2. Liner did nut vond to pipe. .
I o Uruut was not mafntained ot 100X, humidily {ends oi pipe were K
o inproperly covered during curing). i
- 9. liner nas cracks. K
) 5. Screens yoing.into K8 182 are currently belng cluyged with chipped ‘.
1 yrout.” (>H) .
IN-8b-145-0u¢ Hol X *Cuncrete Vning is coming apart In LKW lines. Wnat is belny done?® i
- (8K - ' .
\]
$H-86-155-002 L] X “le intake Vines from the pusping station were yrouied vack in -
’ (shared with 15100) 198171982, Some ot tnis grout s talling Joose, which could damage or -
stop the pumps. . . . Ul stated tnat ‘nunks of concrete 6* or U* in )
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, diamter are in tne intoke Vine tron tne puap station', Conerete = K.
""""""" \ debris nas been entering aux. bullding at 737 and damaging the
rrrrrrrrrrrrrrrrrrrrrrr oo bemterflyvelves® gSH) oo - o T o0 T T
’ . SE/RUZSY Indicates setety related, not sately related, ticent per-delerminetion criterie in-tine ECIG Progrem menual- and oppl
‘ by TVA betore evaluations. .
| .
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. PAGE A-5 OF 5
CONCERN PLANI APPLILAGILELY
ELEMENT NUMBER LULAT LU SN Wit otk - uih CURLERH BESCRIPTION®
233.% {H-8b-2352-00) Wil X “Jue repair un tne ERCH Line violdled procedures and was accepted
(Cont‘d) eantirely by KURs. Uue to the shoddy workmanship involved, Cl feels
tne LRUW Line snoulu Le evaluated tor safe tunction. . . . 1982.% (SR)
BNP-ULP-1U, 35-8-4> uLn X “Ll worried about inteyrity of ERCW cement mortar lining at bends
where mortar was dpplied by nand®  (S$)
BNP-ULP-10.35-8-24 ble X “Ll councerned gvoul a section of ERUH pipe tnat way not be covered
wilti specif ied protective coating.” (SS)
Hl-85>-UY/-NuZ WLH X . “HRC fdentiticd the tollowing concern from review ot the QIC rile,
uwurtar was wet ond some was flaking off the newly Vined ERCH pipe.®
(3R)

“&

«  SR/NU/SS indlcates sately relaled, not satety related, or satgly signiticant per determination criteria in the ECIG Program manual and pplicd
by TVA pefore evaluatiuns.

2/00-5 (11/16/8/)
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ATTACHMENT B

SUMMARY OF ISSUES, FINDINGS, AND-
CORRECTIVE ACTIONS FOR
SUBCATEGORY 23300

Attachment B -- contains a summary .of the element-level evaluations. Each
issue is listed, by element number and plant, opposite its corresponding
findings and corrective actions. The:reader may trace a concern from
Attachment A to an issue in Attachment B by using the element number and
aoplicable olant. The reader may relate a corrective action description in
Attachment 8- -to:causes and significance in Table 3 by using the CATD number

'which appears in Attachment 8 in parentheses at the end of the corrective

action description.

0107A-R56 (11/16/87)
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ATTACHMENRT B REV : 4
SUMMRY OF [SSUES, FIHDINGS, AND CORRECTIVE ACTIONS Pagésflimzi lt;lngR 4

FOR SUBCATEGURY 23300

Issues Findinys Corrective Actions
RAARANRARARARARARR
Element 233.1 - Quality of Concrete Pipe Lininy
RARRAARRARAAARARARN
SQN - SQN SuN
(Mot to be evaluated)
wBN Wi HBN
a, Originail Piping installation 4. Uriginal Piping Installation a. None required.
The ERCH piping was Tined with cement mortar to. reduce )
Concern IN-85-196-004 sugyests that the friction loss frua the corrusive etfects of fennessee
reason the nrinina! steel pipe required River water, not because the carbon steel piping leaked
a cement liner was becausc ll»e LKCW pipe or was improperly installed.
was improperly installed and lesked.
The pipe was repaired with spray-on . .
grout (cement-mortar iiner).
b. Lining Inteqrity and Effects on ERCH b. Lining Integrity and Effects un EKUH System Uperation b. None requlred.
System Operation = = ~__ There Ts no substantive evidence thal the cement mortar - - - - - - - - - -~ - - s
llnlng is failing. Although a large quantity of mortar
Twelve concerns address the technical material-was flushed from the system after the lining was
quality aspects of the cement-mortar installed, this was belleved tu oe residue from the
lining and note perceived and poiential iining process, mainiy material runoved from areas that
effects on ERCW system operation and required repafr. Even if there were substantial lining
components. These concerns state that failure, there would be no loss of safety-related l
the ERCH line is cement-mortar lined: functions, because of system redundancy and because
that the lining is failing; thdt repairs failed lining partlcles cuuld be prected to settle i I
made to the lining are cosmetic, bafore startup of the standby loop.
resulting in pieces of mortar lodging. I

in pumps, leVES, dllﬂ su‘amers
causing loss of flow and/or damaye to :
components; and that much of the.lininy
was flushed into the holding pona. In
addition, one concern states that the
Isning will wear through and fail at
fittings and other areas of changmg
- £ tow direction or. pressure, -




Issues

ATTALHILNHE B
SUMMRY UF 155UtS, FINUDINGS, AND CORRLCTIVE ACTIONS
* FUR SUBCATELURY <3300

Findings

REVISION HUBMBER: 4
Page B-3 of 5

Corrective Actions

Element 233.1 - WBN (Continued)

¢, Lining Installation Procedures

Concerns 1N-U5-529-0U1 uandg
Wi-85-U3U-002 discuss the prucedural
aspects of the lining installation,
These concerns state that the procedures
used to fnstall and repair the lining
were inadequate and were nut the same as
used to test/qualify the lining. This
resulted in poor workmanship and HCRs.

d. Contractor Inspection and Documentation

C.

d.

Lining lnstallation Procedures

The procedures used Lo install and repair the lining were
adequate and in sccurdance with Standerd industry
practice. The procedures used ot wBH were similar to
those used for lining the samples in the TVA testing ang
yualiticatiun proyram,

Contractor Inspection and Ducumentation

Concerns W1-85-030-002, IN-U>-4492-X12,
IN-85-030-004, and IKR-85-030-UU> relate
to the adequacy and conuuct of the
1ining contractor's quality assurance
program, The concerns state that the
lining contractor's inspectiuvn criteria
and plan were inadequate, the contractor
did not inspect work per the contract
provisions, and that tnhe documentation
of the fnspection was inadequate.

>
(14

R

24830-9  (11/16/87)

The Tining contractor™s quality assurance and inspection
plans were adequdte. however, the contractor failed to
document results of many of the reguired inspections,
Therefore, it cannot be ascertained that the required
inspections were performed,

C.

Hone required.

Currkctive actddh‘ns described in TCAB-339,
03713787 (Ref.” g his been taken by TVA to
precligde the r of problems similar
estpibed pv . Inftially, this
sction\cdhsikled fssuance of a -

Qualit uﬁng@ (R% 6;';2

=

e-{"&'an of controlling ¢A
qyfﬁlti $...at VA
r providing a
"Buclear Yuality Audit
ne J( A&ﬁu) of onsite
itiefit 5

TVA Huclear Qka ssyrante Yhnual (NQAM),
in Part 3, Setibni2.1.% Some bf the
specific additlo U ﬂuﬁn re as

follows: P2
5 '\ 3
Il&.?_u‘\i ality
Minager (SUM) noncoi ud
ayreements mad

meetings, such \s scheuulc conmytments,

o Means for in




. @llnuw.ul Y . REVISION NUMotR: 4
SUMAAKY "OF 155ULS, Flubinbd, Alv LuReLllve ACTIUNS Paye B-4 ot 5
FUK SUBLATRGURY <o3UU

Issues tinding> Corrective. Actions
Element 233.1 WEN_(Continued) ﬁﬁnh“""“- :
T
_" ¥ ;&g{%&'ﬁ Bty us tor E‘st)n-tu..)monn Nul\&tu of .
Ll j B¢ n s ons Ty~
Iy = L. ﬁa}?}? ¢ these.
i’-' i, s 2oy actwu &:F mh they / :
}! . [,:";} "i{age controlted by l
e Kﬂbwirmngg@ for /m?rurm@@) I
"‘""'-pfuv.lm‘: ap;}ib‘;&t e Lucunj€at/gCO)ent s I :
and evidencd™dt~auvalificat Tont=s SHIM *
before beginning worﬁ“‘““"*--w..,\ ‘
{eate 233 ©1 wun 01) :
e. Disposition of NUds €. Uispusitivii ui hiits e. Same as d. above .
§ lne alspusition by Desiyn tngineering ot noncontorming *
Concerns iK-85-442-X12, IH-ub-490-00¢, condition repurts (NCKs) cuvering tne technical :
JH-85-03U-003, IN-Y5-03U-UV3, requiranents tor the cement mortar Vining were I
IN-85-877-001, ang IN-Bo-232- “uol claim approprisle anu sdequately ducumnleu, However, one KUK | )
that Ueslun tuuineerlnu lmruuurlv subject, not in l_lgsiml anl Ianu L drea of :
aispositioned HCKs related to-the rcsponslulluy. nas not ulspuslliuucu in a tl.m.-ly g
- - - - contractor's installativn of tne lining. - - -wanmier. No quality assurence audit of the N Valug- - - - - - - - - - - - - - - - -
. Tue concérns state tnat tne NUKS were cuntractor's records of required inspections was
: dispositiviies "use=as-1s" witiwutl pruper periormied until several muning atter Uie work wds,
Justification. [ne NUHs wére issued ~ completed. ] o S .
due to failure by tne contractor to )
follow curing procedures, violativn . . . o . :
of specification requiraments, and taflure
to document reyuired Inspectivns. - - e = - — - ‘
f. UVesiyn Engineeriing Attitudes aid t. Uesign Engineering Attitude and_interierence with dite yC 1. Nude required, - T )
Interference with Site yC Ko objeclive evidence was found that Design tngincering o L, :
. was unduly Intluenced by sciedule considerations in
Concern IN-852442-X12 expresses either awaraing the Vining contract or in aispositioning _ . _ . R .
criticism of the actions and attlituves NCRs relative to the work (see tinging "e” above). It '
ot Design tnulnpprinn in Knuxville, way found tnat Uesiyn Englncering encoureged, ralaer tngn. - - - .
The cuncern states that Uesigu unscouragcd. >il.e Quality tontrol’s cftorts to monitor T,
Engineer lﬁg valuea schedule over the contractur's work. - ) T
quality, prevented IVA QU from
T 'uiomtormg the contractor’s repair ~ ~ ~ ° ° 7 0 0 T T T T T T T T T T T T T T T T T
_ . _work, and would not allow sileqe .
to participate in an audil ot the .

contractor,

24830-9  (1V/,

. . . PR [ . - v - .
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Issues

. allaviee! !
SUMMARY UF  I55ULS, FLHDINGD, AU LURRECTIVE ACTIONS
FUR SUSCATEGUKY 23300

Fingings

REVISION HUMBER:
Page B-5 of 5

.

Corrective Actions

4

Element 233.1 - wWuN (Continued)

g.

BFN

NSRS Disposition ot Employee Concerns

Concern W1-85-098-0U1 is critica)l

ot the NSKRS's disposition ot Concern
IN-85-415-002 as reported in tne
“Nuclear Safety Update® dated
/1785, The concern States thnat
the problem was not identitied, and
tnat investigaturs must nut have
Interviewed personnel knuwledyesvle
of the problem.’

{Not to oe evaluated)

bLN

a. A portion of tne tKCH piping

d.

may not have been lined ¢s required.

Use of nand lininy ot piping at Lends
may have resulted in inadequate
lining integrity.

Fewer TVA inspectors were used at ulN,
compared to W8N, to monitor tne
Vining contractor's work, resulting
fn the possibility of inadeguate
1ining quality. .

Quality assurance gucumntdtiun may ve
{nadequate because required inspections
were docuwented by contrectur persouncl,
ratner than TVA persomel.

24830-9 (11/10/87)

'

SRS Uisposition ot tmployee Luncerns g.
A publisned sunmary of au HSKS dJispositiun ot vne ot tne
enployee concerns was excessively vriet and could lead

the resder to believe that tne HSKS fuvestigation was not
sutticiently thorougn, However, It was always intended

tnat the tull investigation reports would be made

availavle tu Interested parties. lne tull NOKD repurt

tor tnis particular cuncern was Jdetailed enouyn to y
stiow tne eapluyee that tne investigstion was

sufticiently thorough,

tone requirea.

BFN BFN

bLH BN

d.

c.

d.

ln view of tne multiple levels ot iuspectivn provided, d.
the thurouybness In planning e accessibility tor lining
vperations, dnu the satisfactory performance of the
contractor, it is nignly unlikely tnat any ot the

required 1ining was not completed. -

Hune required.

At elbows, only the tinisning, not the opplication, was v,
pertormed manually, in cuntrast to the stalement

contained in the concern. However, nand lining is an
acceptavle method tor producing quality Vining ang is

used tor repairs, and four otner lining where macnine
application is inpractical.

tone required,

IVA inspection at BUN was tound tu ve ddequdte. Ine c.
ditterence vetween the numoer of 1VA inspectors eaployed

ot WBN and BLN dig not cause ditsiculty at BLN, but

resulted from better contractur performance at tnat plant.

None required.

yuality Assurance documentativi provided by the d.
contractor at Bld was found to Lk ddequate. Ducuamntation
respousivility was assiyued to the contractor by TVA.

Audits pertormed during the BLN lining activities found

1o documentdtion deticiencies.

None required,
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ATTACHMENT C
REFERENCES

Watts Bar

1. WBNP NCR WBNNEB 8017, Raw Water Piping Corrosion, 10/30/80
[NEB 801230 476], (MEB 840403 014], [B44 860113 008]

2.  TVA Purchase Requisition 830267, Cement Mortar Lining of Piping For
- Essential Raw Cooling Water (ERCW) System, 10/28/81; includes TVA
Specification 5225, same title

[

3. TVA Quality Control Procedure WBNP-QLP 2.20, Cement Mortar - Lined |
Pipe Inspection, Rev. 1, (06/04/82)

4. WBﬁP NCR' 4117R, Noncompliance with Specification N3M-921 Rev. 0 and
WBNP QCP 2.20, Rev. 0, [WBN 820513 101], (05/13/82)

5. TVA memo Standifer to Wadewitz, Division of Engineering Design's
Disposition of NCR 4117R, [CEB 820604 017], (06/04/82)

6.  WBNP NCR 4133R, Rev. 1, Noncompliance with Specifications N3M-921,
Rev. 0, and WBNP QCP 2.20, Rev. 0, [WBN 820621 123], (06/18/82)

7. TVA memo Standifer to Wadewitz, Division of Engineering Design's
Disposition of NCR 4133R, Rev. 1, [CEB 820621 123}, (06/18/82)

8. WBNP NCR 4163R, Noncompliance with Specification H3M-921 Rev. 1 and
WBNP QCP 2.20, Rev. 1, [WBN 820622 100], (06/22/82)

9.  WBNP NCR 4270R, iloncompliance with Specification N34-921,
(W8N 820810 103], (08/09/82)

10. TVA memo Standifer to Wadewitz, Division of Engineering Design’'s
Disposition of NCR 4270R, [MEB 821008 003], (10/07/82)

11. TVA memo Raulston to Mills, forwarding (Interim) Report No. 3 on
NCRs 4117R, 4133R, 4163R and 4270R, {NEB 821020 270], (10/20/82)

12. WBNP NCR 4270R Rev. 1, Noncompliance with Specification 3M-921,
fwBN 821013 100], (10/12/82) .

13. TVA memo Standifer to Wadewitz, NCR 4270R Rev. 1, [MEB 82f119 042],
(11/19/82) .

14, WBNP NCR 4357R, Noncompliance with Specification N3M-921 Rev. 1 and
WBNP QCP 2.20 Rev. 1, [WBN 821012 101], (10/08/82) I

3724D-R4 (11/16/87)
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