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LIMERICK UNIT 2

INDEPENDENT DESIGN AND CONSTRUCTION ASSESSMENT (1DCA)
REVIEW PLAN INSPECTION, AUGUST 8-12, 1988

1. BACKGROUND INFORMAT]ON

In & letter to Mr, William K, Alden of Philadelphia Electric Company (PECO)
datec July 28, 198€, the NRC accepted the utility's “Program for the
Independent Design and Construction Assessment (IDCA) of Limerick Unit 2,
Revisfon 1." The intent of this program was to assess the adequacy of the
design and construction process utilized at Limerick Generating Station, Unit 2
by conducting an independent review of selectec plant systems, components, and
structures associated with the containment heat removal mode of operation of
the residual heat removal system (RMRS)., The scope of the pro?ram was viewed
by the staff to be a comprebensive review of the architect/engineer's design as
well as & representative sampling of all major construction attributes
including compenent and system testing, The independent contractor selected by
PECO to conduct this review was Stone and Webster Engineering Company (SWEC)
located in Cherry Hill, New Jersey.

To monftor the proper application of the IDCA, the NRC has decided to inspect
both the independent design assessment (IDA) and the independent construction
assessment (ICA) in three phases: (1) preparation of review plans or check-
Tists by SWEC, (2) implementation of the review plans and performance of the
review by SWEC and (3) review and evaluation of the firal IDCA report including
PECO's associated corrective actions,

¢+ INSPECTION SCOPE AND OBJECTIVE

on Au?ust 4-5, 1988, the NRC dosi?n and construction inspection teams visited
the plant site to attend an overview presentation by the architoct/ongincor of
the subjects selected for review, and to perform a familiarization walkdown of
the selected systems, components, and structures., Then, during the week of
August B-12, 1988, the team visited the SWEC offices to evaluate the IDA and
ICA review plans,

The ohjective of this inspection was to establish whether the 1DCA review plans
were prepared in sufficient technica) depth to permit adequate evaluation of
the design and construction of Limerick Generating Station, Unit 2,



3. KEY PERSONNEL CONTACTED

Name Organization
E. J. Sistin Senior Vice President, SWEC
W. Baranowski Assistant Project Manager, IDCA, SwEC
D. J. Nille Assistant Project Manager, IDA, SWEC
G, E. Hirst Mechanical Systems Lead, IDA, SWEC
R, E. Petty Mechanical Systems, IDA, SWEC
£. F. Hensberry Electrical Lead, IDA, SKEC
E. B, Pickett Electrical, IDA, SWEC
J. C. Bisti 14C Lead, IDA, SWEC
J. S. James 14C Environmental Qualification, IDA, SWEC
N. W, Motiwala Mechanical Components Lead, IDA, SWEC
T. L. Wang Mechanical Components, IDA, SWEC
B. E. Ebbeson Civil/Structural Lead, IDA, SKEC
E. B. Fleming Assistant Project Manager, ICA, SWEC
J. €. Thompson Civil/Structural Lead Engineer, ICA, SWEC
J. E. Crossland Supervisor Field Quality Control, SWEC
B. C. Jersild Senior Supervisor NDT Division, SWEC
F. J. Quaiter Assistant Division Mananer, SWEC
Procurement/Quality Assurance
R. J. Scanne) Senfor QA Engineer, SWEC
F. N. Morrissey Electrical/14C Lead Engineer, ICA, SWEC
C. E. Gay PQA District Manager, SWEC

4.  INSPECTION DETAILS

The following sections present an overview of the inspection team's evalnation,
findings, and conclusions concerning the design and construction review plins.

4.1. Independent Design Assessment

The inspection team's evaluation of the IDA review plans addressed each of the
five design disciplines: mechanical systems, electrical power systems,
instrumentation and controls, mechanical components, and civil/structural,

For each discipline, the review plans were categorized into 14 specific areas:
final safety analysis report (FSAR) and licensing commitments, design criteria
documents, calculations, drawings, diagrams, specifications, equipment qualifi-
cation, vendor documents, discipline/group interface, design change documenta-
tion, nonconformance reports, evaluation of postulated hazards, special system/
component tests and site walkdown., The majority of the 14 areas were
applicable to all 5 design disciplines. The inspection team reviewed al) of
the review plans,

4.1.2 Inspection Findings

As & result of the inspection team's evaluation, many review plan additions and
clarifications were recommended by the team to achieve an acceptable depth of
review. All additions and clarifications recommended by the inspection team
are documented in Addendum ! to this inspection report., The most significant
program enha‘ cements recommended by the team were requested in the electrica)
power systems and instrumentation/controls (1&C) disciplines, as discussed in
the following paragraphs.
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4.1.2.1 Electrical Power Systems Discipline

In the electrical power systems discipline, the team recommended that the scope
of review include evaluation of interconnections between the safety-related bus
and off-site and standby power sources., Also, the team recommended that the
electrical scope include a detailed review of bus transfer schemes, the station
DC system, electrical penetrations and cable pulling calculations,

4.1.2,2 Instrumentation and Controls Discipline

In the 14C discipline, the team recommended that the scope of review include
evaluation of the vital, non-battery backed 120 Vac instrument power system,

4.1.3 Conclusions

Generally, the irnipection team's recommended additions and clarifications were
intended to ensure that the review plans provided for evaluation of a compre-
hensive 1isting of design attributes. Also, the inspection team requested that
SWEC evaluate all review plan sttributes, even 1f this meant selecting systems,
components, or structures outside of the approved scope of the 1DA.

In general, the team found the review plans to be comprehensive, explicit, and
logically stryctured. Discussion with SWEC IDA team members indicated that
experienced and technically competent reviewers were being utilized and that
SWEC was pursuing the IDA aggressively, With the inclusion of the additions
anag clarifications listed in Addendum I, the inspection team considers the
defined scope of the IDA to be acceptabdble.

4.2 Independent Construction Assessment

£.2.1 Inspectinn Scope

Tne Stone & Webster Engineering Corporation (SWEC) review plans for the
Independent Construction Assessment (ICA) were organized into the following
eight areas:

LK-C-190]1 “Welding and Nondestructive Examination"
L¥-C-1902 “Mechanical Components/HVAC System"
LE-C-1903 “Civil/Structural”

LE<C-1904 "Electrical"

LK-C-1905 "Piping and Pipe Supports"

L¥-C-1906 “Procurement, Receipt, and Storage"
LK-C-1907 “QA/QC"

LK<C-1908 “Instrumentation"”

The team compared the plans and associated audit plan attribute 1ists to the
applicable regulatory requirements, industry standards, FSAR commi.ments, and
other applicable licensing requiremerts, The construction inspection team
reviewed a1l of the ICA review plans and one 10A review plan, LK-D-1907-C,
“Equipment Qualification,"



4.2.2 Inspection Findings

The ICA review plans were comprehensive in most areas. They represented a good
first effort at ident1fying the types of construction attributes and kinds of
installations that must be reviewed for an adequate overa)) assessment of
construction practices. However, the NRC inspection team concluded that SWEC
had not adequately developed the plans to account for the actual condition of
the RHR system and the construction status of Limerick Unit 2. 1In addition to
the specific additions and clarifications (addressed in Addendum 1! to this
report), the NRC construction team identified two areas of concern in the ICA
review plans: (1) the scope and depth of inspection were incompletely defined
in the plans, and (2) the planning, preparation, and training for the ICA were
incomplete, The NRC construction team noted that SWEC developed the review
plans without a site visit and system walkdown by the principal ICA personnel,
The team consigered this omission a major contributor to the weaknesses
identified in the review plans,

4.2.2.1 Scope and Depth of Inspection

The team's overall concern regarding the scope of the ICA review plans derived
fror the factors discussed in the following paragraphs.,

The ICA review plans did not comprehensively identify all types of {tems and
equipment which SWEC will inspect during the ICA, and in some instances, SWEC
had not defined the applicability of identified equipment to the RHR system,

Several ICA review plans lacked & minimum leve) of effort or a sample selection
process. SWEC should include a minimum sample of attributes in the plans for
review and inspection., These minimum requirements would permit SWEC to gauge
their progress towards meeting the IDCA program goals, and to prevent an
assessment of an area of construction based on only one or two data points.

The NRC evaluation of the ICA plans revealed that important audit plan attri-
butes were missing or incomplete, For example, the civil/structural plan,
LK-C-1803, did not include an attribute to verify the strength of concrete
through a review of concrete compressive test results; and the electrica)
plan, LK-C-1904, attributes for cable routing involved only a record review
without a physical check of actual routing,

Many review plan attributes were no longer applicable to the RHR system since
they addressed in-process characteristics and the system was essentially
complete. In addition, the ICA plans were inconsistent in distinguishing
between cdocument review attributes and physica)l inspection attributes.

Finally, SWEC had not specified the interfaces between the various disciplines
that would contribute to material traceability reviews. Although the principa)
1CA participants understood that the individual disciplines were to provide
equipnent and material samples to the procurement reviewer to facilitate the
assessment of traceadbility, the individual plans did not identify the types of
items or information they were to provide., In addition, the procurement review
plan, LK-C-1906, did not provide the reviewer with any requirements to perform
these material traceability reviews on samples identified by the other ICA
members,



4.2.2.2 Preparation, Planning, and Training for the ICA

Three basic factors contributed to the NRC construction team's concern
regarding the preparaticn, planning, and training for the ICA effort, First,
the 1CA group had not reviewed the actua) condition and status of the selected
RER system to determine its effect on the ICA and the review plans., An example
was the installation of piping insulation which can significantly reduce the
number of welds and piping samples accessible for the ICA group's examination.

Secondly the ICA group had not obtained all of the information required fur an
adequate preparation of the ICA effort. For example, SWEC had not identified
the applicable addition or addendum of the ASME Codes for welding and NDE
examinations, and had not gathered sufficient detai] drawings to deteriine
samples and applicability of attributes.

Thirdly, the staffing level was inadequate for the size of the on-site review
effort cefined by the plans. The plans required the electrical and civil/
structural reviewers to inspect welds in their own areas. They were to call on
the weld/NDE reviewers only {f needed. However, the welding/NDE review plans
were extensive and would occupy the reviewers' time., Similarly, the plans
required the individual discipline reviewers to inspect drilled-in anchors in
their respective areas using a complicated checklist.

4.2.3 Conclusion

The NRC team aiscussed all of the individual 1CA review comments and concerns
(1dentified above and in Addendum 1! to this report) with the ICA principal
reviewers. SWEC committed to increase the ICA group by adding one additional
reviewer in the electrical area and one in the welding ares. With the
incorporation into the ICA review plans of attributes to address the NRC team's
significant items of concern, the plans will be adequate for their purpose. A
reasonable assessment of construction at Limerick Unit 2 will be possible if
the plans are properly and fully implemented and enough examples of the
fdentified attributes are reviewed and physically verified,
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1.1.7 Steam Hammer Review

In oroer to ensure that the A/E adequately performed analyses for hl?h1y
compressible fluids the team recommended that the transient flow ana ysis
review include steam hammer,

1.1.8 Valve Accumylator Design

Because of problems with the design of air-operated valve accumulators,
including the interfacing ciieck valve, the team recommended that a typica)
accumulator design be reviewed, SWEC suggested an accumulator fo- the automa-
tic depressurization system (ADS).

1.1.9 ATNS Conditions

The inspection team recommended that SWEC ensure that the A/ had appropriately
analyzed anticipated transient without scram (ATWS) conditions transmitted from
the nuclear steam supply system (NSSS) vendor, ,

1.1.10 RER System Flushing Provisions

Review plans should address the RHR system flushing provisions to ensure proper
cleanliness after pump testing to prevent impurities from entering the reactor
coolant system during shutdown,

1.1.11 Smal) Bore Isometric Piping

A review plan attribute should be added addressing small bore isometric piping.
SWEC agreed to review the small bore, two-inch bypass line for valve HV2FO6EE.

1.1.12 Orifice Sizing

The inspection team recommended that a typical orifice design for a high-
pressure System such as a reactor core isolation cooling (RCIC) system, be
reviewed for cavitation, The orifice sizing would be reviewed by the instru-
mentation and control discipline based on the process data provided by the
mechanical systems ciscipline, ..

1.1.13 A/E-Designed Spray Headers

The inspection team recommended that the review plan address the design of the
ADS spargers if they were A/E-designed, Alternatively, the team recommended
that the plans address the suppression pool spray header or any other A/E-
designed spray header, Subsequent to the inspection, SWEC advised the team
that the high-pressure coolant injection (KPCI) turbine exhaust sparger would
be reviewed,

1.1.14 HELB Pressure and Temperature Profiles

The high energy line break (HELE) pressure and temperature profiles should be
reviewed for transmitta) of data to the civil/structura) discipline for
consideration of compartment pressurization design,
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1.1.15 Radiological Design of the RIR and Service Water Heat Exchanger

The review plans should address RKR hoay exchanger design and residual heat
removal service water (RMRSW) S{stcm oesign to ensure that there are adequate
provisions to 1imit the possibility of any radicactive material release to the
envirornment due to a heat exchanger tube leak,

1.1.16 RHR Pump Room Cooler Sizing

The RHR pump room cooler sizing calculation should be reviewed 1nc1ud1n2 the
worst-case heat load. Also, the heat gain calculation should consider RHR pump
motor inefficiency.

1.1.17 RHRSW Pump Quality Standards

The RHESW pump quality standards should be addressed in the review plan,
1.1.18 Unstable RXRSW Pump Operation

The pump head curve for paralle) operation of RHRSW pumps should be reviewed
with regard to the potential for unstable pump operation,

1.1.19 Pump Performance

The team requested that the pump performance review consider pump horsepower
requirements and electricyl power requirements for the pump runout flow
condition.

1.1.20 Spray Pond Water Quality

Since the spray pond did not utilize blowdown or makeup during accident
conditions, the team recommended that the review plans address the water
Quaiity of wne spray pond as it affects the RHRSW system including the particu-
Tate size for the pump bearing and seal cooling water. Further, the team
recommended that this review include justification of the RHRSW intake screen
size,

1.1.21 Pump Testing

The review plan should verify that the vendor testing of pumps was appro-
priately performed ana that it included proper reconciliation between design
conditions and actual test data.

1.1.22 RHRSW Pump Performance

The effect of pump column losses should be reviewed with regard to the RHRSW
pump performance calculations., The team also recommended that the review plans
address the possibility of dissolved gases coming out of solution and affecting
pump performance,

1.1.23 NPSH Calculation

The team recommended that the review plans address the net positive suction
head (NPSH) calculation for the RHRSW pump.
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1.1.24 Pump Vortexing

The team recomnended that the review plans include an attribute to address pump
vortexing, .

1.1.25 Spray Pond Design Calculations

During the inspection the team recommended that the review plans address the
desigr of the ultimate heat sink (UHS). However, in subseguent discussions
with FECO and SWEC, the team agreed that the review plans need only address the
validity of inputs and the proper utilization of outputs associated with the
spray pond design calculations., For example, the review plans need address
only justification of worst-case assumptions which would maximize spray pond
temperature, not the method of heat dissipation from the spray pond,

1.1.26 Tota) Dynamic Head Calculation

Section 4,1.3, Attribute 1, of review plan no, LK-D-1903-MS, Rev. 0, fdentified
the verification of RHR pump runout flow conditions for "RKR Piping
Calculation”; this was a typographical error. The verification should be for
“Total Dynamic Kead Calculation" to ensure that RHR pump would not be damagecd
due to runout during low-pressure coolant injection (LPCI) and containment
Spray mode.

1.2 Electrice) Power Systems Discipline

1.2.1 Scope of Electrical Design Review Plans

The inspection team noted that the scope of the electrical design review

plans was limited to the 4 kV switchgear in the AC distribution systen and

the hattery sizing calculations in the dc distribution system, The team
requested that the following additional areas be included in order to verify
the adequacy of the station ac and the dc distribution system's ability to
supply operating and control power for all loads required for safe shutdown of
the reactor during all modes of plant operation,

a. Evaluation of the off-site power connection to the on-site power
including interconnections between units, sizing of associated
equipment, loads to be powered for each operating condition, effect
of loading and unloading for rating of associated equipment, transfer
of buses, and co-ordination and -independence between off-site power
and on-site power for any fault during any mode of plant operation,

b. Detailed evaluation of the Class 1E diesel generator and the sequencer
system including loading, unloading, voltage and frequency drop and
recovery, load acceleration during specified time steps, and test-
ability of the system during plant operation.

¢. Evaluation of the medium voltage distribution system (includin? the
Class 1E diese) generator) for coordination and protection inc uding
ground fault protection,

d. Evaluation of the power feed penetration design including the sizing
and protection scheme for the reactor recirculation pump motor.
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Analysis of system voltage drop and minimum terminal voltage of the
Class 1E bus for the worst case of degraded voltage even 1f the
worst case analyzed 1s outside of the RHR system,

Evaluation of the Class 1E dc distribution system including short
circuit calculations, equipment sizing, voltage drop, interlocking,
and protection to verify the system's ability to support safe
shutdown of the plant in every mode of operation.

Analysis of the interconnection between Class 1f buses and non-Class
1E loads where such loads are not disconnected by the accident
signal,

h. Evaluation of cable pulling calculations,

1.2.2 FSAR Commitments

The inspection team noted that although FSAR section 1.8 shows that PECO has
committed to Regulatory Guide 1,22 “Periodic Testing of Protection System
Actuation Functions," and Regulatory Guide 1.73 "Qualification Tests of
Electric Valve Operators,” applicability of these regulatory guides to Limerick
design was not included in the related review plans,

1.,2.3 Review of Elementary Wiring Diagrams

The team noted that the review of elementary wiring diagrams was not included in
the review plan,

1.2.4 Reference Standards

The inspection team noted that dates of the applicable reference standards
were not included in the reference section of the review plan for environment
qualification.

1.2.5 Discipline to Group Interf.ce

The inspection team noted that the review plan for the discipline to group
interface did not include the transmittal of electrical equipment heat load
information to the mechanical systems discipline or the NSSS vendor requive-
ments for electrical equipment,

1.3 Instrumentation and Controls Discipline

1.3.1 Instrument Power

To address the inspection team's concern fdentified during the Limerick site
visit, any potential safety problems recarding interruption and restoration of
vital, ron-battery backed 120 Vac instrument power should be assessed; this
assessment would be generic to the plant, as well as specific to the RHR and
PHERSW systems,




1.3.2 Main Control Board Interna) Wiring

To address the inspection team's concern identified durin? the Limerick site
visit, the design and installation of main control board internal wiring should
be reviewed to assure proper use of separation, isolation, and barriers,

1.3.3 Instrument Tubing Characteristics

Instrument tubing supports, clamps, and restraints should be reviewed, and
conformance to instrument tubing separation criteria should be verified in the
1DA,

1.3.4 Cont~o) Circuits

Control circuits for “race" conditions (i.e., configurations in which inherent
timing characteristics of individual circuit devices or inputs can result in
unstable or indeterminate output states) should be reviewed.

1.3.5 (ircuit Protection Device

Proper 1&C circuit protection device application, ratings, manufacturer and style
number, and coordination should be verified in the 1DA,

1.3.6 Alarm Circuits

Review of alarm circuits should include assurance that alarm conditions

were properly implemented for all relevant plant conditions (1.e., that the
resulting alarm was appropriate for the system and did not represent an invalid
or nyisance alam),

1.3.7 Calculations

Calibration calculations, flow measuring element sizing calculations, high
pressure restriction orifice sizing and cavitation calculations, and contro)
valve sizing calculations should be reviewed.

1.3.8 FSAR Commitment

The equipment qualification (EQ) review should include Regulatory Guide 1.73,
“Qualification Tests of Electric Valve Operators Installed Inside the Contain-
ment of Nuclear Power Plants," as a review attribute, per the Limerick FSAR,

1.3.9 Motor-Operated Valves

The EQ review should address motor operated valves.
1.3.10 SCEW Data

Data on sampled EQ system component evaluation worksheets (SCEW) should be
verified against fundamental dosi*n input requirements and assumptions, rather
than using the results of a calculation not verified by the IDA, For examyle,
the accident scenario assumptions that resulted in the stated environmental
conditions for the components of interest would be verified by systems or
functional review and walkdown,
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1.3.11 VYendor Documents

The vendor document review should include surveillance irstructions and
requirements,

1.3.12 Discipline 'nterfaces

The mechanical systems to I4C discipline interface review should address system
operational requirements (e.g., operating modes, locations, engineering units,
administrative controls), It should also include instrument process tap
details and locatfon requirements. Similarly, the 14C to electrical systems
discipline interface review should address power quality as well as identifica-
tion of loads requiring Class 1 power and train or channe) assignments,

1.3.13 RHRSW Process Monitor

The RHRSW process monitor should be reviewed, since 1t is used to fsolate
RHRSW; and the review should verify that the monitor will not spuriously
actuate from high ambient background rauiation.

1.3.14 Design Change Documentation and Nonconformance Reports

The review of design change documentation and nonconformance reports should
include verification that these documents contain adequate discussion of the
root cause and extent of the problem leading to the change as well as an
acequate problem definftion. This item was applicable to all the associated
discipline review plans,

1.3.15 Instrument Line Pulsation Dampeners

A review of the use of instrument 1ine pulsation dampeners should be included.

1.3.16 Computer-Based, Safety-Related Systems

Computer-based safety-related systems included in the RHR or RMRSW systems
should be reviewed to ensure that an adequate verification and validation
program is in place for real-time software, -

1.3.17 Instrumentation Channels

The inspection team reviewed the preliminary sample of inst~umentation channels
(outlined in the table below), which had been tentatively selected by SWEC for
the 1DA review. The team understood that SWEC would review these channels end
t? end, including interfaces, against the attributes identified in the review
pilans,
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System Tag No. Function Scope

RMK FT 2NO52B RHR HX outlet flow (mini- GE
Train & flow control) .

PDT 2NO5BE RKR {solation GE

HY 2F0178

.e RMR pump control GE/B

RHRS W PSL 001D RHRSW pump b
Train B discharge pressure

FI 2NOO7B RHRSW tlow to RHR HX (break GE

detection)

HY 2F068B RHR KX SW outlet isolation £

KYAC Train B TE 2238 RHR pump cubicle temperature b

To promote & more representative assessment of system functionality as well as
to increase the portion of Bechtel items t¢hat would be reviewed, the inspection
team recommended the addition of the following instrumentation channels and
items to the sample.

b.

KHRSW process radiation monitor (discussed previously)

A representative high-pressure tlow restriction orifice (to be reviewed
for cavitation problems, as discussed previously)

RHRSK pump contral
Drywell pressure (permissive for manua) containment heat removal)
Reactor pressure (interlock with RMR suction valves)

Remote shutdown panel circuit (requires review of a train & circuit,
since no remote shutdown panel circuits are in train B)

Isolation devices in IAC circuits (SWEC intended to cover this item
in the individua) diagram and specification or vendor reviews)

1.3.18 Additiona) Clarifications

The following additional clarifications were discussed with SWEC and did not
require revision of the review plans,

Rs the IDCA progresses, SWEC would assure that the NRC notires, bulletins,
and circulars referenced in the review plans were appropriate and complete
for the review of interest.

SWEC would verify conformance %o appropriate Bechte) specifications &nd

engineering procedures when that documantation was identified and made
available to SWEC,
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¢€. Review of wiring diagrams would verify that they were consistent with wire
numbers assigned on elementary diagrams.

d. Review of surge protection and isolation device ratings and qualjfications
would be addressed in the electrical systems review plan, '

1.4 Mechanical Components Discipline

1.4.1 Piping Analysis Overlap Technigues

The team recommended that the design reviews include a piping analysis that
utilized cverlap techniques.

1.4,2 Sefsmic Qualification of RHR Heat Exchinger

[he team recommended that the EQ review plan Le expanded to include a review of
the seismic qualification of the RHR heat exchanger, including supports, one
tank including supports (e.g., ADS accumulation), and three motor-operated
valves, as a minimum,

1.4.3 Interrally-Generated Missiles

The team recommended that the review plan include a review of internally-generated
missiles including consequence evaluation.

1,4,4 M.'ti Niscipline Hazaras Analysis Review

The team recommended that SWEC ensure that a multiple-discipline review 1s
conducted for the hazards analyses of internal missiles, seismic 1! o.2or I,
moderate energy line break analysis (MELBA), and high energy line break
analysis (HELBA). For example, in HELBA, the mechanica)l components discipline
typically would be involved in the sostulated pipe brsak znalysis, identifica-
tion of impacted targets, evaluation of the effects of impacted piping and pipe
support targets, and the determination of internal flood levels. The mechanical
systems discipline would calculate the compartment pressure and environmenta)
narameters, and would evaluate whether the impacted targets are necessary for
safe shutdown of the plant wit', assistance provided as necessary from the
electrical and 14C disciplines. The effects of equipment submergence would be
reviewed by electrical, IAC, and mechanical system disciplines. Finally, the
civil/structural discipline would provide the necessary structural protection
for targets determined to be necessary for safe shutdown, and would evaluate
the structural adequacy associated with the effect of compartment pressuriza-
tion,

1.4,5 Field Audits

The team recommended that SWEC verify that the fiela audits icdentified in FSAR
section 3,2,1.d(2) had been adequately performed. These audits are requi-ed
for items included in the seismic Category | piping analysis but not within the
actual seismic boundary, to ensure that the fina) installation of these items
meets the more stringent seismic Category | standards,
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1.5 Civil/Structura) Discipline

1.5.1 Floor Slab Flexibility

The flexibility of floor slabs should be included in SWEC's review plan to
ensure that floor amplified response spectra generation was not compromised,

1.5.2 SRV Hydrodynamic Loads

Miscellaneous steel structures located under the reactor vesse) safety or relfef
valves (SRV) should be included in the review plans to ensure that they were
properly designed for pool swell hydrodynamic loads. The team also recommended
that SWEC evaluate the structural design of the primary containment building to
ensure that it would accommodate the most severe ccmbination of the SRV hydro-
dynamic reaction loads,

1.5.3 Category ! Structures

Tank support loadings should be included in the review plan for c.togory 1
structures, Alsc, the interaction of a nonseismic bu11¢1n? (e.g., turbine
building) with a seismic Category ! building should be evaluated.
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based on the fact that the plant construction is 94 percent completed and the
RHR B loop pipe 1ine selected for the audit is largely covered with insulation
and 1s therefore not likely to be accessible for inspection,

The supplied or procured components for many of the systems were built to 197)
Codes and various subsequent Codes and Ro?u atfons. The acceptance of stored
equipment has not been addressed for completeness or adequacy of records to
Justify use without some verification inspections, Some of the components were
constructed 1€ years ago, possibly without quality assurance verification and
records with supporting evidence that they still meet required regulations and
FSAR requirements, A contingency inspection plan should address components
which lack adequate documentation packages, particularly with respect to
radiographs of piping weld joints of shop supplied spoo) ‘eces.

A general assessment of the SWEL review plans for the welding discipline is
summarized as follows.

8. Traceadility of piping materials through 150 drawings and procurement is
identified only for welding materials and only for in-process weld joints.
This verification should be expanded to pipe spool pieces and should
include a follow-up for radiographic acceptance and materials traceability,
SWEC agreed to charge the program to include 10 spoo) pieces for verifi-
cation,

b. Shop welds and supplied equipment weldments such as piping spools have not
been included in the audit plan. SWEC agreed to include review of the
piping spools. This review will be accomplished in the same manner as
materials traceability; 1.e., the fdentification and heat numbers for the
spool pieces will be provided to the procurement reviewer for verification.

€. Applicable ASML Codes and Pegulations should be identified for system
components as part of the audit plan, Bechte) piping specification P-360
invokes various revisions of the ASME Boiler and Pressure Vesse) Code for
different equipment. Bechtel has also identified 18 Code cases that apply
to Unit 2, including requirements invoked on vendors. Nondestructive
examination (NDE) relates to both ASME Code Sections 11! and XI. The SWEC
ICA group agreed to include proper reference to these Codes in the audit
plan and received this information from Bechtel an August 10, 1988,

d. In-process attributes were on the checklist for many items in the review
plans, The sample selected (field piping welds on RHR loop B) may not be
accessible for the inspection because the work has been finished and the
pipe was covered with insylation, Inadequate sampling due to a lack of
ongoing pipe welding may be remedied by adding in-process inspection for
other systems that are not yet completed,

e. Velid welding inspections may be limited by protective coatings that have
been applied to components of the RKR system, One example was the HVAC
duct supports to which a zinc coating was applied over the joints after
welding,

s In-process welding inspection should be reported on an individual form

rather than merely a notation on the matrix check sheet form identified by
SWEC for inspection implementation. Visua)l examination and an in-process
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welding audit should be reported as an individual audit report consistin?
of al) of the checklist items for that joint. This part of the review plan
needs to be developed at the site before actual inspections begin,

g. Visua) weld inspections will be performed for all construction disciplines.
A review of resumes for SWEC personne) assigned to the ICA team shows that
there are five certified visua) inspectors to examine al) selected welds.
Two of the five inspectors have an additional duty of reviewing radio-
graphs and may not be available for visual inspection, One other individ-
uai has prior experience in weld inspection and could perform visua) weld
inspection as needed, Because of the large scope of weld inspection
defined in the ICA plan, SWEC should review its staffing requirements in
the area of visua) weld inspection,

1.2.1.2 Specific Comments on Review Plan LKk-C-1901: Welding and NDE

The SWEC-prepared verification checklist for NDE contained attributes for NDE
personnel qualification, and NDE records, The verifications pertained to field
fabricated welds and attachments in Safety Class 1, 2, and 3 piping of the RMR
system, ShEC intends to perform visual weld examinations and a review of
radiographs for selected piping welds,

The SWEC review plan was not detailed enough to 1d0nt1f{ specifically the
documents that would be reviewed for NDE procedu~e compliance and personne)
qualification. An essential procedure, Bechtel's procedure for NDE personne)
qualification, had not been addressed.

The selection of welds and NDE procedures to be veriiied was incomplete and
addressed only field welds, Shop welds on the RHk heat exchanger, RHR pump,
and piping spool pieces should be included.

The following specific comments address the welding/NDE concerns of the NRC
inspection team,

a. Page 2

SWEC should tdentify the applicable welding Codes and Regulations before
the audit begins,

b. Paragraph 2.0
Only field welcs for fabrication and installation were listed. Provisions
should be included for inspection of spool pieces and piping joints,
including shop welds,

¢, Paragraph 3.3

Both the shop and field welded spool pieces should be considered, and the
fdentifying 1S0s and weld numbers should be traced,

d. Paragraph 3.4
Nondestructive examination inspector effectiveness evaluation may be
limited since the plant is essentially completed and there is little
ongoing work to audit,
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Audit Plan Attributes Part | - Welding and NDE

(1) Attributes 1 through 6 involve field welding material control proce-
dures that may no longer be relevant to plant construction which is
essentially completed for the RHR system, There is only one field
weld, a pipe tie-in, remaining to be completed with RHR system,
Varification that these procedures were implemented 1s an audit
attribute which is now after-the-fact,

(2) Attributes 10 through 12 concern welder performance qualification,
The comment concerning Attributes 1 through & applies to these
attribytes, as well, Alternative system welds should be selected to
provide an adequate audit sampling.

(3) Attributes 13 through 17 - In-Process Welding: Audit of in-process
welds 15 essentially unavailable except for one tie-in weld joining
that remains to be completed. Alternative system welds should be
selected to provide an adequate audit sampiing.

(4) Attribute 14 - Verify welding materials: Materials traceability
should include sufficient audit examples of welds, as well as base
material heat numbers., This information would be used for verifica-
tion of piping and spoo) pieces traced to the 150s, and for further
verification by the IC. procurement reviewer,

(5) Attribute 17 - SWEC should review field weld joint records in depth,
nov only for weld defect disposition and repair, but also for com-
pleteness of inspections and required operations.

(E) Attridbute 23: The verificat.on of NDE and visual examinations should
fnclude & review of examination procedures for compliance with the
applicable ASME Codes.

(7) Attribute 24: Bechtel's personne) qualification procedure should be
reviewed for compliance to SNT-TC-1A.

(B) Attributes 25, 26, 27, 28, 29: The current checklist addresses
personnel qualification in terms of SNT-TC-1A and not the construc-
tor's implementing procedure,

(9) Attribute 33: Small diameter Class-3 giging lines were not identified
in paragraph 3.3 of the welding and NDE Plan, PRID drawings avail-
able at SwEC did not identify any small diameter Class 3 lines subject
to inspection, SWEC committed to fnspect 2-inch and smaller 300-1b
rated lines (GEC-204-]1 ang GBC-210-1) in the RHR system, Since
piping lines 2-1/2 inches nominal pipe size and larger rated greater
than 300 1bs are not in the RER system, SWEC committed to inspect a
similar 1ine in another system,
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determine whether the site specific concrete strengths were used in
developing this specification as 1t relates to drilled-in anchors,

e. The review plan should be revised to add an attribute for an inspection of
the bolting materia) used in structural connections., The attribute should
determine whether the proper bolting material was used as required by
gesigr. The NRC team believes that such an attribute 1s necessary to
assure the structura) adequacy of the bolted stee) connections.

1.2.4 Electrical (Lk-C-1904)

The NRC assessment of the electrical portion of the SWEC ICA program consisted
of an evaluation of the appropriate construction review plan, and interviews
with ShiC personne)l who authored or will implement the requirements of the 1DCA
program. The review plan attributes were compared with regu atory, industry,
licensing, and facility specification requirements. In general, the NRC
assessment of the SWEC review plan indicated that 1t provided an adequate basis
for 10CA program implementation. Knowledse of regulatory and industry require-
ments were eviderced in the review plan, Comments and observations resulting
from this review were then forwarded to SWEC in order to facilitate program
revision,

a. Attribute 10 should be modified to ensure that equipment mounting configu~
rations match the orientation used to establish sefsmic qualification.
This attribute should also include examination of t1)let welds used to
mount electrical equipment; and should ensure physical examination of
mounting bolts and review of pertinent bolt torque records. Additionally,
consideration should be given to performance of torque checks on selected
mounting bolts,

b, Attribute 17 should be modified to incorporate a check for both nomencla-
ture and color coding of equipment nameplates.

€. Attribute 28 should be modified to include inspection of both type and
rating of molded case circuit breakers,

d. Attribute 45 should be modified to ensure that interna) wiring (vendor and
field-installed jumpers) of valve motor-operators are of the appropriate
material type and meet environmerta)l qualification,

e. The intent of attribute 52, examinaiion of battery rack bolting, should be
clarified to include the rack connection and mounting bolts,

f. Attribute 60 should be modified to ensure that inspection of Class 1f
cab1ing‘1s eccomplished by physical examination (hand-over-hand or signa)
tracing),

§. Additiona) attributes should be written, or attributes modified, to ensure
inspection for physical damage of electrical equipment,

h.  The scope of the review plan should be modified to include inspection of

vendor wiring (d2mage and min.mym bend radius) inside distribution
cabinets.
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1.2.8.

Additional attributes _hould be included in the review plan to ensure that
maintenance activities have been performed. These activities include
lubrication and rotation of Class 1E motors, cleaning of Class 1€ motor
vents and filters to ensure fha! they are free of debris, and battery
maintenance including electrolyte level, specific gravity, ané intercel)
resistance checks,

Inspection attributes should be added to ensure that batteries have not
been damaged by construction activity and that battery room ventilation
systems are operating,

Inspection attributes should be added to ensure that «alve motor-operator
components (such as 1imit and torque switch rotor contacts) have not been
damaged and do not have cracked insulation,

An inspection attribute should be added to ensure that valve stem trave)
15 not inhibited or cbstructed by componert location,

The inspection of cables should ensure that they are not exposed to
external hazards such as hot pipes or steam.

Exposed or free-air cables should be examined for separation requirements,
Physical examination of cable trays should address overfill conditions.

Attribute B0 (concerning PGCC cables) should include verification that
floor modules are sealed where separation 1s required,

In the area of electrical terminations, attributes should be added to
ensure that wires are not damaged by cuts, nicks, or abrasion of
insulation,

Eend radius requirements should be verified for terminations.

Attributes should be added to ensure that conduit bushing and tray edge
protectors have been installed, and that flexible conduits hzve not been
damaged or broken, .
Cable sample should include a semple of instrumentation cable.

An attribute should be added to evaluate the set point c¢ ibration of
4160V system breakers,

Maintenance of system ro\ag shunt trips and any corrective action associ-
ated with relay fatlures should be reviewed,

Piping and Pipe Supports (LK-C-1905)

Paragraph 3.2.3 stated that attributes may be modified as necessary, but
did not detail any controls or requirements for these modifications.
Such details should be added to the review plan,

No sample size or scope (type and distribution) was specified for pipe
SUPpOrts, nor was there a stipulation that a sample from other parts of the
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RHR sysiem or other systems may be necessary to obtain an adequate,
representative sample, This information should be added to the reyview
plan,

¥ The smallest diameter piping contained in the list of piping runs to be
inspected was 12 inches (with the exception of several feet of smaller bore
branch lines). This lack of 1isted small bore piping implied that field
run piping anc the pipe bend attribute (No. 7) would not be inspected. Ir
addition, the lack of piping smaller than 17 inches adversely affected the
pipe support sample. Small bore piying should De included in the list of
piping runs to be inspected.

The review plan did not indicate type(s) of drawings that will be used
for verification piping installation., The review plan should specify
whether t " nclude plan and elevatior physicals, design stress
isometrics, .. Ysometrics, or P&IDs.

Attributes 1 end 4 did not reference tolerarces for the locatiun of
equipment and valves, Kesponsible SWEC personne) were unable to identify
where these tolerances were detailed. The required references should be
identified and uaded to the review plan.

nttribute 7, related to pipe bends did not address ovality, one of the
basic inspection teatures detailed in Construction Specification
60931-P-301, paragraph 8.2.6. This feature should be added,

g. Neither attribute 11, related to piping bolted Joints, nor the specifica-
tion section referenced bolt diameter, length, type, tightness, thread
encagement, or gasket type, These are all critica) features of bolted
connections, and should be addressed by the review plan,

h. The various attributes were sometimes uncle.r as to whethar the veiri1fica-
1 wi consist of physical field inspections or simply a review of
completed documentation, For example, the attributes did not specify the
ethods of verifying the type of materia) for dissimilar metal transitior
eces and the torquing of pipe support fasteners., This problem wat
pectally true for sxpansion anchor installations. 1In addition,
atiributes such as hole size, Jepth and clea-liness were identified that
¢ not be verified wfter installation. The verification rethods should
be clearly identified in the review plar

i Aty

Attribute 26, related to as-built verification of pipe supports, contained
errronequs references to other attributes, did not reference documents
containing Limerick 2s-built requirements or tolerances, or reference

the lype of drawiags the irspect: would use for this verification. Lead
pection perscanel were not knowledgeabls of these requirements The
ttribute should be modified accordingly,

. bute 27, related to pipe whip rest-aints, did not contain sufficien?
criteria to perform an acceptable inspe tion. For example there were n
references to weiding, bolting, configuration, member size, or attachment
to struttures, In addition, there were no references to speciication:
draw'nc or procacdures. Th‘3 int rmator S'Qd1d he ddﬂed.
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k. The pipe support and restraint attributes did not address snubber and strut
spherical bearings, spacers, or rod end thread engagement. These features
have been problems at many sites and have been the subject of NRC Bulle-
tins and Notices, They should be addressed specifically in the review
plan,

The review plan did not specify whether paint would be removed from welds
to permit valid inspections of weld quality. Surface defects such as
cracks, porosity, and arc strikes often cannot be identi“ied through
paint, If paint is not removed, the conclusions based on the inspections
performed must be clearly qualified.

m. The review plan did not detail or reference the methods and documzsntation
that would bs necessary to track and cortrol the field inspection effort of
the various items covered by this plan., For example, the plan did not
indicate whether drawings will be marked up, separate checklists devel-
oped, or logs maintained, and it did not specify the documents that will
be retained as permanent records of the work performed, The review plan
ftself dic not appear suitable for use as a field tracking &nd documen-
tatiorn vehicle., Prior to the end of the NRC inspection, SWEC's lead
inspectors drafted matrices to perform these functions, but they did not
cross reference the review plan attributes by number and, in some cases,
did not include all of the attributes listed in the review plan.

n. It appeared that Attribute § of the expansion anchor section did not
include verification of the anchor-to-concrete free edge distance (to
penetrations and corners), a critical design feature. This feature should
be addressed vy the review plan,

0. The review plan did not define how the QC inspector effectiveness
attributes (No. 26-34) were to be implemented (i.e., how many inspectors,
how they were to be selected, and how and where they were to be inter-
viewed). This information should be added to the review plan,

1.2.6. Procurement, Receipt and Storage (LK-C-1906)

The review of this plan by the NRC team indicated that it was comprehensive,
with the exception that the following attributes should be added.

a., Section 3.3 of this review plan listed reinforcement stee) and selected
structurai steel as the only two civil/structura) materials that would be
reviewed, HKowsve:, the NRC team belfeves that the scope of this section
should be revised to include other materials that are within the scope of
the samples that will be reviewed in review plan LK<C-1903 such as cement,
liner steel, and masonry blocks. This change will permit SWEC to assess
whether all the proper materials were used during the construction of
Limerick Unit 2.

No manual, air, or solenoid operated valves or bolting material were
included in the samples 1isted in paragraph 3.3, These items are important
system commo - ties that have had procurement and traceability problems at
other sites .id have been the subject of NRC Bulletins and Notices. They
should be included in the review plan,
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b. Paragraph 3.2.3 stated that attributes may be modified as necessary, but
did not detail any ccntrols or requirements for these modifications,
Such details should be added to the review plan.

€. The various attributes were sometimes unciear as to whether the verifica-
tion would consist of physical field inspections or simply a review of
completed documentation. This comment particularly applied to the
material storage attributes in the Procurement and Storage sections of
this review plan, The verification methods should be clearly identified
in all relevant sections of the plan,

d. The review plan did not dcfine how the QC inspector effectiveness
attributes (No. 39-45) were to be implemented (i.e., how many inspectors,
how they were to be selected, how and where they were to be interviewed,
etc.). This information should be added tn the review pian.

e. Attributes 14, 15, and 16 should address how the GE-supplied items were
evaluated by Bechtel, et al, to determine suitability for installation and
service. The storage procedure and the implementation of the procedure
for the RHR equipment should also be evaluated.

1.2.7 QA/QC (LK-C-1907)

Although the plan was comprehensive, it lacked specifics concerning which docu-
ments would be reviewed that related to Corrective Action System and Design

Change Mechanism. The discussions with the SWEC ICA lead in this area revealed
that nonconformances and design changes would be identified by the civil/structura)
ICA reviewer. In turn, these differences from design would be investigated by

the QA/QC reviewer to determine whether such items received a proper engineering
dispcsition in a timely manner,

a. It was not clear in the plan how attribute 1, Turnover, would be implemented
or which other disciplines would verify the installed condition and the
as-built piping and component drawings.

b. Attributes 7 through 12 and 15 through 26, construction testing and
hydrostatic/pneumatic testing, did not indicate whether the QA/QC audit
would include an in-process audit of any systems that are available. SWEC
committed to include an audit of any hydro or test in proyress,

€. Tnis review plan did not specify by name the documents that would be
reviewed or whether they would include engineering change notices (ECNs),
field change requests (FCRs), design change notices (DCNs), nonconformance
renorte (NCRs), corcective action reocrts (CARs), or other site-specific
t s of documents. In addition, the review plan did not specify the
1s of the documents (in-process or stored) or nominal sample numbers,
““.rmation should be included,

d. N si.e-specific Bechtel procedures were referenced in the review plan,

Periinent implementing procedures are necessary to facilitate proper
preparation for this assessment,
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1.2.8

Paragraph 3.4.4 stated that attributes may be modified as necessary, but
did not detail any controls or requirements for these modifications.
Such details should be included in the review plan,

The various attributes were sometimes unclear as to whether the verifica-
tion would consist of physical field inspections or simply a review of
completed documentation, This comment applied to the Turnover, Design
Change Mechanisms, Corrective Action Programs, and Protective Coatings
inspection attributes. The NRC team considers physical verification of
these attributes necessary to proper assessment,

The review plan should define how the QC inspector effectiveness attributes
(No. 59-66) will be fmplemented {1.e., how many inspectors, how they will
be selected, how and where they will be interviewed, etc.).

The protective coatings attributes did not reference features such as
type, locatfon, thickness, or adequacy of inspection documentation. These
features should be addressed in the review plan, .

Instrumentation (LK-C-1908)

Attribute 36 should include ar examination of tubing for arc strikes.

Attribute 37 should require physical inspection of 1/2-inch per foot slope
requirement,

An attribute should be added to ensure proper sracing of instrument tubing
supports.

1.2.9 Equipment Qualification (LK-D-1907-C)

a'

b.

The sample of equipment in this area is too narrow.

The cable sample should be expanded to include routings which occur in
harsh environnents and within containment.

The 1ist of equipment to be examined for seismic qualification should be

expanded to include items such as battery racks and Class 1E distribution
panels,
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