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REVIEW AND EVALUATION OF'

TRANSAMERICA DELAVAL, INC., DIESEL ENGINE
,

RELIABILITY AND OPERABILITY -

CATAWBA NUCLEAR STATION UNIT 1

1.0 INTRODUCTION

Duke Power Company (Duke) has requested an operating license for its

Catawba Nuclear Station Unit 1 (Catawba). One key matter before the U.S.

Nuclear Regulatory Commission (NRC) in considering this request is the
operability and reliability (0/R) of the station's standby emergen~y diesel-c

engine generators which have been brought into question by a number of
circumstances (as described in Section 2.0). The subject engines were manufac-

tured by Transamerica Delaval, Inc. (TDI).

To identify, evaluate, and correct these concerns, Duke has undertaken a
number of industry-wide and plant-specific investigative, corrective, and
administrative efforts. These have been addressed by Duke and its consultants
in numerous documents and related meetings with NRC staff and NRC's consultant,
Pacific Northwest Laboratory (PNL). PNL has been requested by NRC to review
and evaluate these documents and Duke's underlying efforts and to prepare this
technical evaluation report (TER) expressing its conclusions and

recommendations.

Catawba Nuclear Station Unit 1 is served by two emergency standby engines
to meet its ESF loads. Each engine is a TDI DSRV-16-4 engine, nameplate rated

by TDI at 7000 kW, operating at 450 rpm with a brake mean effective pressure (a
computed measure of the average cylinder pressure in the firing stroke) of
225 psig. These engine-generators are designated by Duke as 1A and 18. The
latest information in the Final Safety Analysis Report (FSAR) specifies the

emergency loads for these engines as a maximum of 5256 kW for a loss of coolant

accident (LOCA) and a maximum of 5714 kW for a blackout or loss of offsite
power (LOOP). .

:
;

I
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1.1 SCOPE OF REPORT

This TER is organized as follows:

Section 2.0 provides relevant background information on the known2

problems and efforts toward their resolution by both Duke and an ad
hoc group of similar TDI engine owners (the TOI Owners' Group) who
have united their efforts in regard to these mutual concerns.

Section 3.0 presents a review and evaluation of specific problems2
*

experienced on the Catawba engines as well as of activities
pertaining to the TDI Owners' Group generic components.

Section 4.0 reviews Duke Power Company test and inspection activitieso

on the 1A engine.

Section 5.0 reviews the activities Duke has conducted or plans toa

perform on the IB engine.

Section 6.0 documents PNL's evaluation of Duke's post-inspection4

engine tests.

Section 7.0 presents PNL's review of the utility's proposed3

maintenance and surveillance (M/S) program.

Finally, Section 8.0 presents PNL's overall conclusions and*

recommendations regarding the suitability of the two diesel engines

to perform their intended function as emergency standby power sources

for the Catawba Nuclear Station Unit 1.
-

1.2 LIMITED APPLICABILITY OF CONCLUSIONS

PNL has reviewed the basic documents referred to in Section 2.0, has

participated in various meetings with Duke and NRC, and has observed components
of both engines as disassembled in Duke's inspection program. Concurrently.-
PNL also has reviewed various relevant Owners' Group documents and participated

in their meetings with NRC, and has completed TERs on some elements of the .

Owners' Group Program Plan (OGPP). Because none of the various phases of the
0GPP (as described in Section 2.1) has yet been finalized, PNL is not in a
position to draw final conclusions on the overall extended operability and

.

(
2
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reliability of these TDI engines in general, nor extensions thereof to plant-
specific engines such as those installed at Catawba.

This TER on the Catawba 1A and 1B engines' operability and reliability

precedes completion of the 0GPP and its appropriate implementation by Duke.
This document also precedes full plant-specific DR/QR analyses of both the 1A

and 1B engines. Therefore, PNL is constrained from reaching unlimited con-
clusions relative to the Catawba 1A and 18 engines' operability and reliability
to perform indefinitely their expected design function. Any such conclusions,
if supportive toward licensing, must necessarily be somewhat tentative, subject
to full completion of all 0GPP and Duke DR/QR programs and implementation of
their findings (these actions should be a part of Duke's licensing

authorization).

Hence, PNL has been constrained to evaluate all components in light of

expected operating conditions and patterns at Catawba over a relatively short
term. The term chosen, thought by PNL's diesel consultants to be reliably
conservative, was until the first reactor refueling outage, which PNL under-
stands to be approximately 18 months from initial plant startup. By that time,
all phases of both the general 0GPP evaluation and implementation and the
plant-specific Catawba DR/QR program should be complete or ready to imple-

ment. In PNL's judgment, it would be more appropriate to decide long-term 0/R
at that time (near the first reactor refueling outage), rather than now.

The considerations and recommendations presented in this TER are sometimes

expressed in terms of "until the first reactor refueling outage". However, in
using this phrase, PNL does not intend to infer (unless specifically stated
otherwise) that the engines or their components are therefore unreliable or
inoperable for their intended use over their normally expected life.

1.3 REPORT PREPARATION

This TER was prepared by the following PNL staff and consultants:

J. F. Nesbitt, PNL project staff* ,

8. J. Kirkwood, Covenant Engineering, diesel consultant to PNLS

J. E. Horner, Seaworthy Systems, Inc., diesel consultants to PNLo

(
3
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P. J. Louzecky, Engineered Applications Corporation, diesel1

consultant to PNL.

Others whose contributions were considered in formulating the conclusions
include PNL Assessment of Diesel Engine Reliability / Operability Project team
members J. M. Alzheimer, M. Clement, S. D. Dahlgren, D. A. Dingee, R. E. Dodge,
W. W. Laity, J. C. Spanner, and F. R. Zaloudek; and consultants S. H. Bush,
A. J. Henriksen, and J. A. Webber (representing Ricardo Consulting Engineers

plc).

.
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2.0 BACKGROUND
'

4 . &

This section presents background information on efforts undertaken by the
TDI Diesel Generator Owners' Group and by Duke Power Company to resolve the

problems identified in the TDI diesel engines.

2.1 OWNERS' GROUP PROGRAM PLAN
'

Thirteen nuclear utilities that own diesel generators manufactured by
Transamerica Delaval, Inc. (TDI), have established an Owners' Group to address

~

questions raised by a major failure in one TDI diesel engine (at the Shoreham
,

Nuclear Power, Station in August 1983), and other problems in TDI diesels

reported in the nuclear and non-nuclear industry. On March 2, 1984, the
Owners' Group submitted a plan to the U.S. Nuclear Regulatory Commission
outlining a comprehensive program that included 1) an in-depth assessment of 16
known engine problems (Phase I), 2) a design review and quality revalidation
(DR/QR) program that addresses other key engine components (Phase II), and
3) engine tests and inspections. A review of that submittal was conducted by
PNL and reported to NRC in PNL-5161 dated June 1984.

,

Section 4 of PNL-5161 deals with considerations for interim licensing of
nuclear stations prior to completion of the implementation of the Owners' Group
Program Plan. Recommendations in that report relevant to Duke Power Company's

license for the Catawba Nuclear Station at this time are:

The engines should have AE pistons; if they do not, then " lead-*

engine" tests should be completed prior to licensing.

The diesel generators should not be required to carry a sustainedo

emergency load in excess of that corresponding to engine brake mean
effective pressure (BMEP) of 185 psig, because, at that recommended
limit, the maximum cylinder pressure is also approximately
1200 psig. The 6000-hour operating experience at Kodiak establishes
a reasonable basis for confidence that AE piston skirts will operate

| '

I satisfactorily at this load level. Also, pending evaluation and
approval of Owners' Group reports addressing crankshaft stress levels

"

|
! at higher loads, the load corresponding to 185 psig BMEP is
l
! ('

5i
|

|
|
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considered reasonably conservative for the crankshaft. In addition,

because of certain open items in the implementation of the Owners'
Group Program Plan, an adequate basis does not yet exist to provide
reasonable assurance that TDI diesel engines would operate reliably
in nuclear service at power levels higher than those corresponding to
a BMEP of 185 psig. Key engine components of particular concern in
this regard include the piston skirts and the crankshaft, because
their condition cannot be monitored without significant engine

disassembly,

The engines should be inspected to confirm that the components areo
,

sound (see Sections 4 and 5).

Preoperational testing should be performed (see Section 6).*

The engines should receive enhanced surveillance and maintenance*

thereafter (see Section 7).

2.2 CATAWBA NUCLEAR STATION

In their efforts to establish the reliability and operability of Catawba's
TDI diesel engines, Duke Power Company has produced numerous letters and

reports, as well as holding meetings and conducting tests, inspections, and
examinations. Items pertinent to this Technical Evaluation Report are listed

below.

* A letter dated February 17, 1984, to the Atomic Safety and Licensing
Board Panel (ASLB), " Duke Power Company et al. (Catawba Nuclear

Station, Units 1 and 2), Docket Nos. 50-413 and 50-414", noted
problems with some components on the 1A engine at Catawba.

* In a letter dated February 22, 1984, " Catawba Nuclear Station Docket
Nos. 50-413 and 50-414", Duke Power Company transmitted their

responses to 17 NRC questions regarding the TDI diesel generators

installed at Catawba.
'

* A letter dated March 29, 1984, to the ASLB, " Duke Power Company et

al. (Catawba Nuclear Station, Units 1 and 2), Docket Nos. 50-413 and

/

(
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50-414", noted problems that had occurred with the 1A and 1B diesel
! engines during the extended operational tests and the ESF test

currently being conducted.

In an April 5,1984, letter to NRC, Duke provided a written*

description of the extended operational tests and inspection plans
for the 1A diesel generator (engine) in addition to a discussion of
Catawba-specific problems.

On April 26 and 27, 1984, PNL staff and consultants visited Catawba*

to view the disassembly and inspection of the 1A diesel engine and
its components. A PNL letter dated May 7,1984, summarized comments
and suggestions made to NRC pertaining to this visit. A report on
the trip was submitted to NRC by PNL in a letter dated May 11,
1984. During the April 26 and 27 visit, the PNL observers recom-
mended 100% (instead of 25%) inspection of AN pistons in 1A. Upon

completing the full inspection, Duke personnel reported four AN
piston skirts had indications. Subsequently, Duke decided to replace
all AN piston skirts with the latest AE design.

On June 1, 1984, Duke provided a submittal to NRC addressing 76% of*

the 1A diesel engine inspection results.

* On June 21, 1984, a meeting was held in Washington, D.C., at which
Duke Power Company presented results of the 1A diesel engine

inspections to NRC and PNL.

o On June 22, 1984, PNL staff and consultants met with representatives
of NRC at Failure Analysis Associates in Palo Alto, California, to
discuss Owners' Group reports prepared by FaAA.

* A letter dated June 25, 1984, to the ASLB, " Duke Power Company et al.
|
| (Catawba Nuclear Station, Units 1 and 2) Docket Nos. 50-413 and

|
50-414", summarized the findings of the substantially completed 1A
diesel engine inspection effort.

'

o Via a letter to' NRC dated June 29, 1984, Duke Power Company
transmitted the report, Catawba Nuclear Station Diesel Engine 1A
Component Revalidation Inspection Final Report. This report!

7
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described the results of the inspections and evaluations performed
and ad' dressed over 99% of the inspection plan. Duke also indicated
that all remaining inspections would be documented in the Owners'

Group Phase II Program report.

NRC Generic Letter 84-15, dated July 2,1984, " Proposed Staff Actions*

to Improve and Maintain Diesel Generator Reliability", was issued to
all licensees of operating reactors, applicants for an operating
license, and holders of construction permits.

A letter to NRC dated July 6,1984, outlined Duke Power Company plans*

for the inspection of the Catawba 1B diesel engine and the return-
to-service testing of the 1A diesel engine.

* On July 10, 1984, two PNL consultants visited the Catawba Nuclear
Station to view the status of the 1A diesel engine reassembly.

* In a letter dated July 16, 1984, Duke Power Company submitted its
plans to NRC for the periodic maintenance, inspection, and
surveillance of the Catawba 1A and IB diesel engines.

A July 17, 1984, letter from Duke to C. Ray, Jr., of the TDI Owners'*

Group detailed the operating history of the 1A and 18 diesels.

On July 25 and 26, 1984, PNL staff and consultants visited the*

Catawba Nuclear Station to view the disassembly and inspections being

performed on the IB engine. The PNL team also observed the status of
the reassembly of the 1A engine, and reviewed and discussed the
findings noted and actions taken on specific engine components with
Duke and NRC representatives. During the July 25 and 26 visit, the
PNL observers queried various items, including the need to fully
inspect the link-pin bushings, and to take pre-turbine exhaust gas
temperatures.

In an August 1, 1984, letter to NRC, Duke responded to concerns ando

queries raised by NRC and PNL in the July 25 and 26 meeting. ,

8
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3.0 EVALUATION OF COMPONENT PROBLEM RESOLUTION
e

During the tests and inspections conducted by Duke Power Company on the
Catawba Nuclear Station Unit 1 diesel engines, problems were noted or expe-
rienced with certain engine components. The affected components included:

piston skirts (a)o

push rods (a)*

cylinder head (a)*

e fuel line fittings

fuel oil injection pump valve holders*

turbocharger (a) bearings*

e turbocharger adapter
turbocharger lube oil drain lineo

turbocharger prelube oil lines*

turbocharger exhaust gas inlet bolts2

2 crankcase and camshaft cover capscrews

triple-clamp bolts
(,

o

lube oil and jacket water thermocouples*
.

rocker box (subcover) assembly*

* intermediate rocker arm sockets
exhaust valve tappets (rocker arm adjusting screw swivel pad)o

* intake and exhaust valves
spring retaining nut and roll pin on air start valves.*

Section 3.1 documents PNL's evaluation of the actions taken by Duke Power

Company to resolve known problems with these diesel engine components. The
information on these components is presented in a worksheet format. Each
worksheet identifies the component, briefly reviews its history, and describes
the status of, or the actions taken by the Owners' Group and Duke to evaluate
or resolve, the problem. The last item on each worksheet presents PNL's

evaluative comments and/or conclusions.
.

'

(a) TDI engine generic problem components.
, ,

9
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Section 3.2 documents the actions taken by Duke regarding the engine

I components classified in the generic problem category by the TDI Owners'
Group. These components include:
o crankshaft

connecting rod bearing shells*

cylinder blockso

cylinder liner2

o cylinder head studs
o engine base and bearing caps
e rocker arm capscrews

-

-o connecting rods

engine mounted electrical cableo

high-pressure fuel tubingo

o jacket water pumps
I * air start valve capscrews.

Although Duke has not experienced any specific failures with these components
at Catawba, they are nevertheless documented here for completeness, also in a

( worksheet format. Each worksheet for these items includes a brief history of
the component, a review of actions taken by the Owners' Group to evaluate the
problem, a description of the tests, inspections, or evaluations performed on
these components at Catawba, and PNL's evaluative comments and/or conclusions.

PNL's conclusions and comments are based on the available Duke Power
Company documents, on onsite inspections of the Catawba engine components and
examinations of identical or at least similar components of TDI diesels in
other nuclear facilities, reviews of the specific known-problem issue reports
prepared by (or under the auspices of) the TDI Owners' Group, and the
experienced judgment and appropriate evaluations of PNL's diesel engine
consultants. However, pending completion of the implementation of the Owners'
Group Program Plan, PNL's conclusions as stated in this report are plant-
specific, applying only to Duke Power Company's Catawba Nuclear Station Unit 1.

4
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3.1 PLANT-SPECIFIC PROBLEMS
i

~

Component: Piston Skirts
Part No.: 02-341
Owners' Group Report: FaAA-84-2-14

Brief History of Component

' Based on a number of cracks found in the AF piston skirts at the Grand
Gulf Nuclear Station, the Shoreham Nuclear Power Station, and at non-nuclear
installations, the skirt design was strengthened in the boss area where the
cracks had been found. No operational failures have been reported to date on
the redesigned piston skirt, labeled AE, in either nuclear or non-nuclear
installations. Kodiak (an electrical generation station) has operated in
excess of 6000 hours at approximately 185 psig BMEP (1200 psig maximum firing

pressure) with the AE skirts; the TDI R-5 test engine has operated in excess of
600 hours with a maximum firing pressure of 2000 psig and BMEP of 275 psig with

a slightly modified AE skirt design.
? Another type of piston skirt labeled AN is in wide use according to TDI.

Only Catawba, of all of the nuclear plants, had AN piston skirts. TDI has
indicated that the AN piston skirts, if properly heat-treated, f ave performedl

satisfactoril.y.

Owners' Group Status

Piston skirts have been identified by the TDI Owners' Group as one of the

generic problem components. The Owners' Group cons ~ultant, Failure Analysis
Associates (FaAA), has analyzed the AE piston skirt design and has concluded

|
that the AE skirts may crack at 10% overload of nameplate rating, but that

! cracks will not propagate to the point of actual functional failure. Cracks
! have been found to occur in the vicinity of a structural rib and bolting boss

inside the skirt.

The issue of AE piston skirts was addressed by PNL in its June 1984 Review
|

and Evaluation of TDI Diesel Generator Owners' Group Program Plan (PNL-5161)',
|

Section 4.0, relative to nuclear plants seeking interim licensing (prior to
finalization and full implementation of the OGPP). Therein it was concluded

11
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that plants with AE piston skirts having sustained emergency load requirements
not exceeding 185 psig BMEP could logically and safely be licensed without
prior lead-plant testing to 10 million cycles (750 hours) at or above this
load.

Duke Power Company Status

During the extended operational test, the 1A diesel was operated with AN
piston skirts that had been heat-treated at the TDI factory. During the
subsequent disassembly and inspection, cracks were found in 4 of the 16 piston
skirts.

The inspections of AN piston skirts conducted by Duke Power C'ompany were

directed at assessing these components' structural integrity. All 16 piston
skirts on the 1A engine were subjected to the following inspections:

visual inspectiono

liquid penetrant examination of stud bossesi

liquid penetrant examination of piston pin bossese

I liquid penetrant or magnetic particle examination of areas adjacent*

to the piston pin bosses (i.e., the areas where several cracks were

noted)

ultrasonic and radiographic examinations if liquid penetrant or*

magnetic particle examinations revealed indications.

The most significant condition noted during the inspections conducted at
Catawba was the presence of cracks adjacent to piston pin bosses in four piston
skirts. As reported by Duke, the largest crack was 3 or 4 inches long and
penetrated through the wall. The cracks appeared to originate at the skirt ID,
on the fillets where a reinforcing rib intersects the piston pin bosses, and to
run in an approximately axial direction. The cause of the cracking is undeter-
mined at this time but is believed to be high-frequency cyclic fatigue. One
small (1/2-inch long) linear indication was also noted in the bore of a piston

*

pin boss. No indications were found at stud bosses.

The AN piston skirts from the 1A diesel at Catawba have been sent to FaAA
for a detailed failure analysis as a part of the TDI Owners' Group Program.'

12
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-

fDuke, power Company has reported its intention to replace the AN piston

( skirts with type AE skirts. This has been 'tfone on the 1A diesel engine and is
'

in progress on the IB engine. PNL understands that Duke e.jther has performed
or will perform surface nondestructive examination (primarily magnetic particle

' tests) and hardness tests on the AE piston skirts prior to their installation
in an engine to verify their acceptability.

.

pNL Conclusions

Upon completion of reassembly of engine 18, both Catawba diesels will be ;

fully fitted with AE piston skirts. The Catawba emergency load requirements,

licted in Section 1.0. do not exceed interim-licensin0 rer.nmme.ndatinns of
PNL-5161 (referred to above). Based on this knowlege, on all available

analytical information (principally the OG generic issue report, FaAA-84-2-14),
the operational history of AE skirts, the test results on AE skirts elsewhere,
and the judgment of its diesel consultants, PNL concludes that the AE piston
skirts are suitt.ble for the intended use in the Catawba IA and IB engines, at
least until the time of the first reactor refueling outage.(a)

(

.

f
|

.

.

.

l
*

(a) This conclusion, and similar conclusions regarding other componentc
it

Group will satis-based upon the assumption that NRC and the Owners
factorily resolve concerns regarding the component and implement all|

' '

(
requirements (see Section 1.2).

,
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Component: Push Rods

Part No.: 02-390-C
Owners' Group Report: FaAA 84-3-17

Brief History of Component

The push rods originally had tubular steel bodies fitted with hardened
steel end pieces attached with plug welds. An estimated 2% reportedly
developed cracks in or around the plug welds. A push rod design introduced
later consisted of a tubular steel body with a carbon steel ball fillet welded
to each end. This design proved to be prone to cracking at the we,ld. A third
push rod design, consisting of a tubular steel body friction-welded on each end
to a forged plug with a machined hemispherical shape, was then introduced.
This third configuration is referred to as the friction-welded design.

Owners' Group Status

Because industry (both nuclear and non-nuclear) had expressed substantial
concern about the continued integrity of TDI push rods, the TDI Owners' Group

( included the component in the known generic problem category for specific study
and resolution. Failure Analysis Associates has performed stress analyses as
well as cycle wear tests to 10 million cycles on a sample of the friction-
welded push rods at conditions simulating full engine nameplate loading. No
sign of abnormal wear or deterioration of the welded joints was observed.

Duke Power Company Status

The push rods supplied as the original components of the Catawba 1A and 1B
diesels experienced cracking in the plug welds joining the center to the end
sections. However, these failures did not prevent the push rods from
performing their intended functions, nor did they result in any abnormal or
adverse engine performance. During the week of February 5,1984, all of the
push rods in engine 1A were replaced with those of the friction-welded
design. In the subsequent extended operational tests, about 400 hours of
operation were accumulated on this set of friction-welded push rods prior to
the disassembly and inspection of the 1A engine. This set of friction-welded
push rods was then removed from the 1A engine and installed in the 18 diesel

14
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engine at Catawba. According to Duke Power Company personnel, this set of push

\ rods has_now been in operation for over 900 hours, with at least one-half of
that time being at engine loads above 185 psig BMEP.

The Duke Power Company inspections of the friction-welded design push rods
in the 1A engine included:

visual inspection of the shaft end-welds to verify that the desireda

new type of friction welds were used

liquid penetrant examination of all welds.$

Duke Power Company reported their confirmation that all the push rods in
the 1A engine had the correct type of end-welds and were free of d'efects.

Duke is performing visual and surface nondestructive examinations on this
,

same set of push rods after its extended service in the IB diesel engine. This
examination is still underway, but Duke personnel indicated to PNL
representatives during the Catawba site visit on July 25 and 26,1984, that no
defects had yet been found.

PNL Conclusions

After reviewing the FaAA report, the Catawba inspection data, and examin-
ing some of the friction-welded push rods at Catawba on July 25, 1984, PNL
concludes that the push rods incorporating the friction-welded design are
satisfactory for their intended purpose, until at least the time of the first
reactor refueling outage.

.
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Component: Cylinder Heads

( Part No.: 02-360A
Owners' Group Report: FaAA-84-15-12

Brief History of Component

Numerous reports on TDI cast steel cylinder head failures are available
from both the nuclear and non-nuclear industry. For identification purposes,

TDI cylinder heads are classified as I, II and III, all under the same part
number. Group I heads include those cast prior to October 1978; Group II heads
are those cast between October 1978 and September 1980; and Group III comprises
heads cast after September 1980. Most instances of cracked heads"have involved

Group I. Only five instances of water leaks in Group II and III heads have
been reported, all in marine applications. Most of the reported cracks
initiated at the stellite valve seats.

The most recent, known head failure was reported by Mississippi Power &

Light relevant to their Division I TDI diesel engine (letter to NRC dated
July 30, 1984, AECM 84/0401). It reported a 2-inch through-wall crack in the

I right exhaust port casting surface between the valve seat area and the exhaust
valve guide (head 7L). It allowed jacket water to penetrate from the head
cooling passages into the cylinder cavity, and was detected by barring-over the
engine with cylinder cocks open. The specific head group classification of
this head was not reported. However, the affected head was an original that
had undergone 1500 hours of operation. Of this total, approximately 335
operating hours were at 100% load (7000 kW, 225 psig BMEP) and 31 hours were at
110% load. This failure is still undergoing investigation; however, because no
similar failure has occurred to MP&L's knowledge, it concludes this was a

i unique, isolated failure.

|
Owners' Group Status

The cylinder heads are included in the TDI Owners' Group generic problem
category. Failure Analysis Associates' mechanical and thermal stress calcu-

;

lations, which did not include finite element calculations, concluded that "
,

; Group I, II, and III heads as designed are adequate for the service intended.
The report recommends that Group I and II heads be inspected by liquid'

( 16
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penetrant and magnetic particle, as well as ultrasonic, testing to determine
I firedeck thickness. For Group III heads, sample inspection as described above

is recommended. For all three groups of heads, FaAA recommended barring the

engine over before manual startup, to assure no water has leaked into the
cylinders.

Cylinder heads are also included in the TDI Owners' Group design review /
quality revalidation (DR/QR) program. The first such program report, pertain-
ing to the Shoreham Nuclear Power Station, has just been released. In that

report, the Owners' Group has concluded that the cylinder heads are acceptable
for their intended design function at Shoreham, provided that engine barring-

over is conducted.

Duke Power Company Status

Two small jacket water leaks have been experienced in heads at Catawba,
,

one each in engines 1A and 1B. As a result, water leaked into the fuel
injector nozzle cavity (i.e., external to the head and cylinder). Failure
Analysis Associates performed a metallurgical analysis of the leak that

(: occurred on the 1A engine. FaAA reported that the leak was due to cracks
propagating from a corner where a repair plug was welded into the fuel injector
nozzle seating area. This welded plug had been installed by TDI during manu-
facture to repair the injector bore.

As stated by Duke Power Company in their inspection report dated June 29,
1984, the inspections of the 1A engine cylinder heads included:

liquid penetrant examination of valve seats in cylinder headso

ultrasonic examination of firedeck thickness at selected locations.1

Duke has stated that no other cracks were detected and that all firedeck
thicknesses of cylinder heads on the 1A engine were found to be acceptable.

Duke Power Company performed an engineering evaluation to determine if any
of the heads now installed on the 1A diesel engine had been repaired during
manuf actu ri ng. A borescope was used to show whether there was a parting line
at the bottom of the fuel injector cavity, indicating the presence of a plug.
In addition, visual inspection of the firedeck area of the head was used to
check for the presence of weld metal, indicating a plug was installed.

17
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According to Duke, the results of this engineering evaluation indicate that the

( head installed on the no. 6 cylinder in the left bank was repaired with a
welded pidg. This head (6L) had been factory-installed on the engine and has
seen over 800 hours' operation at varying loads, with at least one-half of that
time being at loads in excess of 185 psig BMEP.

Duke has reported that, in its opinion, the cylinder heads currently
installed in the 1A diesel engine are satisfactory because they were not
leaking when last used, and because they exhibit no cracks in inspectable
areas. Further, the leaks caused by cracks due to plug-welding are only to
areas external to the head and cylinder, do not affect diesel operation, and
are not significant. However, the repaired head (6L) is to be replaced as soon
as Duke can obtain a replacement that does not contain similar weld plugs.

The same examinations are to be performed on the IB engine cylinder heads.

PNL Conclusions

PNL has reviewed all the pertinent documentation noted above: the FaAA

report, TDI Owners' Group DR/QR report on the Shoreham plant, and the Duke

[ inspection report. In addition, PNL has reviewed the engine inspection results
onsite with Duke Power Company. On these bases, PNL concludes that the'

cylinder heads on the Catawba 1A diesel engine are acceptable for the first
refueling cycle, provided that the engine is barred-over 4 hours after
shutdown, then again 24 hours after shutdown, and thereafter prior to each
planned start, to check for water leakage into the cylinders.

PNL also concludes that Duke should replace the 6L head on the 1A engine,

as well as any of the cylinder heads on the IB engine that have repair plugs

installed.

Based on the assumption that the results of tests and inspections on the
1B cylinder heads will be positive, that Duke has reported only satisfactory
operation during the extended tests, and that the 18 engine will be barred-over
as was the 1A engine, PNL concludes that the heads on the IB engine will be

acceptable for their intended purpose through at least the first refueling ,
cycle.

18
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Until the generic-issue analysis on heads has been finalized and a tech-
,

nical evaluation report has been released indicating satisfactory conclusion of j
|the issue, PNL cannot grant unreserved approval of the heads, regardless of

their manufacturing group classification (I, II, or III). |

.

I
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Component: Fuel Line Fittings,
Part No.: 402-450B

Brief History of Component

A low-pressure fuel line between two fittings failed at the Grand Gulf
Nuclear Station. Mississippi Power & Light, the owner utility, concluded that
this isolated failure was due to fatigue caused by vibration due to insuffi-
cient clamping. One low-pressure fuel line was replaced on the Catawba 1A
diesel engine because of leakage. Inspection of this line indicated its fit-
tings were not swaged properly. Duke Power Company reported that .the leakage
resulted after a flat spot in the cone section of the tube eroded away. No
similar failure has been noted on the IB engine.

Owners' Group Status

The TDI Owners' Group has included fuel line fittings in the ongoing DR/QR
program. The just-released DR/QR report on the Shoreham Nuclear Power Station
concluded that, with stipulated modifications to meet design requirements, the

( equivalent fuel oil headers-piping and tubing will meet the stress and support
design criteria and will perform their intended design function under all
normal and earthquake loadings.

Duke Power Company Status

Most of the fuel lines and fittings were disconnected during the recent
disassembly and inspection. They will be reinstalled during the reassembly of
the 1A diesel engine. Duke Power Company has announced its intention to follow
specific fitting installation instructions during the reassembly process to

|
guard against improper swaging. In addition, after the 1A engine is reas-
sembled, Duke personnel will inspect the subject lines and fittings. This will

i

i include a walkdown inspection to verify that the piping has been installed
according to the applicable design drawings.

|
PNL Conclusions

'

\

| The Duke Power Company fitting installation instructions and inspection

| procedure.were discussed during PNL's visit to the Catawba Nuclear Station on
July 26, 1984. PNL concurs with Duke's analysis of, and actions taken to

I -

20

|

i



.v -.

correct, the problem. PNL also concurs that reinstallation of the fuel lines
and fittin_gs on the Catawba 1A diesel engine, if conducted according to the
planned procedure, should be sufficient to assure that they will perform their
intended functions. This problem and its resolution appear to be specific to
the 1A engine only.

.

0

.

|

i

|

.
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Component: Fuel Oil Injection Pump Valve Holder
^

Part No.: - 02-365-A
~

Brief History of Component

Minor failures of fuel oil injection pump components have been recorded at

the Grand Gulf Nuclear Station.

Owners' Group Status

This component is included in the TDI Owners' Group DR/QR Program. In the

recent DR/QR report for the Shoreham Nuclear Power Station, it was concluded
that the pump is acceptable for its intended design function at Shoreham. The
report also stated that "A review of the operating history of the Bendix fuel
injection pumps at Shoreham and other n.iclear power plants indicates that any
leaks that occurred were attributed to loose connections, fittings and bleed
screws, etc., and not to the primary pressure boundary."

Duke Power Company Status

( A fuel injection pump valve holder, which is exposed to full discharge
pressure, fractured on the Catawba 1A engine. Duke Power Company submitted the

part to Babcock & Wilcox Alliance Research Center for examination. Babcock &
Wilcox concluded that the fracture initiated at a casting defect in the part,
and that it was not the result of a design deficiency.

Transamerica Delaval, Inc., reported to NRC on July 13, 1984, that Bendix
Corporation (the fuel injection pump manufacturer) had reviewed the component

failure at Catawba and indicated the cause to be a material defect in the valve
holder. Further, in Bendix's opinion, this defect was an isolated case. TDI

i stated that Bendix high-pressure fuel injection pumps have been installed on
all DSR and DSRV engines manufactured by TDI in the past 15 years and that the

;

Catawba holder failure is the first and only one of this type of which they are

aware.
|

In addition to Babcock & Wilcox's detailed examination of the one failed(

! valve holder, related inspections performed on the 1A engine to date by Duke

f Power Company include:
I
'

,
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measuring the hardness of each valve holderS

( ultrasonic testing of each fuel pump valve holder.*

Duke has reported that, based on the inspections conducted, all fuel pump valve
holders on the 1A engine were found to be acceptable.

Duke also performed a failure analysis on the fractured fuel injection
pump nozzle valve holder. The results of this analysis indicated that an

i axially-oriented linear indication in the high-pressure fuel oil passage of the
valve holder led to the reported failure. Further analysis revealed that axial
linear indications that would lead to cracking of the valve holder could cause
cracking to occur within 10 million cycles of fuel pump operation.. Because the
remaining valve holders on the Catawba 1A diesel engine have withstood
10 million cycles of operation, the valve holder failure experience is
considered the result of an isolated material defect.

In addition to this analysis, a borescope evaluation of the high-pressure
fuel oil passage was made. Results of this evaluation indicate that several of
the valve holder bores were rough-machined, as evidenced by observed protru-

[
sions, counterbore type steps, and tool marks. One valve holder, cylinder 6R,

' appeared to have a linear indication. Three valve holders (SR, IL, and 8L) had
recesses. Duke has stated that these four valve holders will be removed from
the engine, cleaned, rechecked by borescope, and reamed if indications are
still present after cleaning. Valve holders that have indications after
reaming will be replaced.

PNL Conclusions ,

A failure of this specific pump component will tend to reduce engine
capacity by 77, and imbalance the load on the crankshaft, but will not lead to
immediate shutdown. Based on the results of examinations and analyses per-

formed by Duke Power Company, as well as an examination by PNL during the
Catawba site visit on July 25 and 26, 1984, PNL concurs with Duke's analyses
of, and actions taken to correct, the problem. PNL concludes that the fuel
injection pumps as now installed on Catawba's IA engine will perform their ,

intended design functions. This problem and its resolution appear to be a one-
time occurrence, limited to the 1A engine only.

23
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Component: Turbocharger Bearings

( Part No.: ,MP-022/23, 02-CFR
Owners' Group Report: FaAA-84-5-7

Brief History of Component

Turbocharger thrust bearing problems reportedly are limited to the nuclear
industry. To date, thrust bearing problems have been reported for the Grand
Gulf Nuclear Station, Shoreham Nuclear Power Station, San Onofre Nuclear
Generating Station, Comanche Peak Steam Electric Station, and Catawba Nuclear

Station.
,

Owners' Group Status

The TDI Owners' Group has included turbochargers in general in the generic

problem category.

Failure Analysis Associates analyzed the turbocharger thrust bearing
problems for the Elliott 90G turbocharger. In Report FaAA-84-5-7 dated May

1984, FaAA concluded that the problems are due to insufficient lubrication of

( the thrust bearings during " fast" starts (i.e., automatic starts for which no
prelubrication is provided to the thrust bearing). Various types of startup
lubrication systems have been implemented at nuclear power plants to avoid
these problems. One type is a drip system that provides lubrication from the
before-and-after (B&A) recirculation system. Another type (in use at the Grand
Gulf Nuclear Station) is an auxiliary B&A lube oil pump. This pump is icti-
vated prior to any planned start and provides the turbocharger bearings with
sufficient lube oil to complete fast starts as required for nuclear standby
tests.

Duke Power Company Status

On February 17, 1984, Duke Power Company reported finding excessive wear

on a bearing in one turbocharger of engine 1A. As Duke reported later, on
March 29, 1984, the thrust faces of bearings were found to be severely worn in

*

turbochargers in both 1A and 1B engines.

Duke personnel performed visual and dimensional inspections of the 1A
engine turbocharger bearings. The thrust faces were found to be severely worn.

(
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However, Duke noted that this wear had not affected turbocharger operation
( during the extended (>800 hours) operational tests on the 1A engine. Similar

inspections of turbocharger bearings on the IB engine are in progress.

The turbocharger bearings on the 1A engine were replaced. In Duke's

opinion, these will operate as well as the original bearings, which caused no
operational problems for several hundred hours. In addition, in a June 29,

1984, letter to NRC, Duke has stated its intention to install the new increased
flow lube oil system by September 1984. Until that time, Duke plans to inspect
the new bearings periodically to assure their continuing operability.

PNL Conclusions
-

PNL and its consultants have not had an opportunity to review the specific

prelube system design planned by Duke for the Catawba engines. However, PNL
has reviewed the FaAA report referenced above, the results of the June 22,
1984, meeting among representatives of FaAA, the Owners' Group, NRC, and PNL,

and the inspection data presented by Duke Power Company. During the Catawba
site visit on July 25 and 26, 1984, PNL examined the IB engine turbocharger

( bearings, which, like those from engine 1A, were scarred and substantially
PNL also has examined the prelube system at other, similar plants. Onworn.

these bases, PNL concludes that a similar new prelube system planned for
installation on the diesels at Catawba probably will provide sufficient
additional lubrication to augment the protection of the turbocharger bearings
during planned fast starts. Further, in PNL's view, the number of unplanned
fast starts, without prelube, likely will be sufficiently few as to not lead to
bearing failure prior to the first refueling outage, at which time the bearings
on at least one turbocharger per engine should be reinspected (unless, by that
time, the revised turbocharger prelube system has been installed and accepted

by the Owners' Group and NRC).

.

4
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Component: Turbocharger Adapters'

Part No.:' 00-495A

Duke Power Company Status

At Catawba, one turbocharger adapter on the 1A diesel cracked at a flange
weld. This adapter provides the interface between the turbocharger air dis-
charge and the intercooler airbox. Duke Power Company has attributed the crack
to poor flange alignment with mismatched bolt holes. Duke reports it now uses
updated alignment practices when installing the adapters and torquing turbo-
charger flange bolts. Duke has reported that the weld joints on t-he 1A diesel
engine turbocharger adapters were examined visually and with magnetic particle
detection techniques. These examinations revealed no defects.

During PNL's Catawba site visit in July 1984, Duke personnel reported
having obtained TDI's concurrence to overbore the mounting holes and use an
alternative gasketing arrangement. It is PNL's understanding that this was

done on the right bank of the IB diesel engine, which was found to be cracked

( in a manner comparable to that of the 1A right bank. No problems have been'

noted on the left bank of either engine, which is of a configuration different' '

from that of the right bank.

According tn Duke personnel, they and TDI are considering improved con-
figurations for the right bank interface that will assure the elimination of
this problem. These may require making a number of changes on the engines.

PNL Conclusions

PNL concludes that Duke has adequately identified the problem and its
cause. However, in reviewing the Duke Power Company information available on

the turbocharger adapter flange and the noting of the subsequent crack on the
18 diesel engine, PNL has found no evidence to support a conclusion that an

adequate corrective method has been implemented. In the opinion of PNL's

consultants, the Catawba diesels could be relied on for satisfactory operation
*

for a period of time, possibly up to several days, even with cracks in the
welds at this adapter, although some power reduction and imbalance between left'

and right cylinder banks could result. Thus, these adapters and the entire

26
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turbocharger /intercooler interface are considered to be marginally suitable for

{
their intended use in the Catawba 1A and IB engines even until the first
reactor refueling outage. Therefore, PNL recommends that Duke /TDI continue

'
with the development of an alternative design for the right bank connections
between the turbocharger and the intercooler and, further, that adapters of a |

new design be installed.
It is believed by PNL and its consultants that the alternative connection

design being considered or developed by Duke /TDI should be one incorporating a
flexible joint. Such a design is deemed to be one that could eliminate the

problem and have an adequate operating life.

.

F
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Component: Turbocharger Lube Oil Drain Line
( Part No.:, 02-467A

Brief History of Component

Duke Power Company reported that a temporary drain line on the 1A diesel
engine leaked during the recent extended operational test. The leak was
attributed to vibration in the drain line. This drain line was of rubber hose,

installed in place of the original compression-coupling fitting furnished by
TDI, which, for some unexplained reason, would not fit properly at installa-
tion. The installation on the 1B engine reportedly was as per the TDI design.

Owners' Group Status

The TDI Owners' Group Program Plan indicates that the turbocharger lube
oil drain line is included in the ongoing DR/QR program. In the DR/QR report

on the Shoreham Nuclear Power Station on the equivalent component, it was
concluded that, when installed and supported in accordance with TDI design, the
small-bore piping and tubing included in the review meets the stress design

( criteria and will perform its intended design function at Shoreham under all
normal and earthquake loadings.

Duke Power Company Status

The leaking 1A engine drain line was replaced with the proper line and
fittings during reassembly of the 1A diesel engine. During the July 25 and 26
Catawba site visit, Duke personnel stated that the line now installed on the 1A
engine meets the TDI design requirements.

PNL Conclusions

PNL concludes that Duke has appropriately id'entified the problem and its
PNL representatiaves examined the lube oil drain line during thecause.

Catawba site visit on July 25 and 26, 1984. They noted that the subject line
on the 1A diesel engine now contains only welded or clamped joints. Based on
these observations, PNL concludes that the new drain lines as now installed ,on
the Catawba diesels will satisfactorily perform the intended design function.
This problem and its resolution appear to be specific to the 1A engine only.

(
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Component: Turbocharger Prelube Oil Lines
i

Part No.:; 02-307B

Brief History of Component:

Two failures of prelube oil lines were reported by Duke Power Company.
Both failures occurred on the 1A engine during the extended operational test.

Owners' Group Status

The turbocharger prelube oil lines are included as part of the Owners'

Group DR/QR Program. In the DR/QR report on the Shoreham Nuclear Power

Station, the conclusion on the equivalent components was as follows:

The tubing components, as defined by this component design ,

review have been evaluated to the referenced stress design
criteria and found acceptable. It is concluded that the
system will perform its intended design function at
Shoreham under all normal and earthquake loadings.

Duke Power Company Status

Duke personnel performed visual, chemical, and metallographic tests on the
{
' failed components. Based on the test results, they reported the probable

failure mechanism of the tubes was high-cycle fatigue that originated at stress
concentrations produced in the area of the compression fittings.

Duke subsequently replaced the failed lines with heavier wall stainless
steel tubings and improved compression fittings. These were installed using an
improved procedure, additional clamps, and vibrational dampening devices. No
failures have since occurred.

Duke has stated its plans to reassemble and install the piping on the 1A
diesel engine in accordance with the latest approval drawings and procedures.
In addition, the system will be inspected after reassembly to verify proper
installation.

PNL Conclusions

PNL concludes that Duke has adequately identified the problem and its '

cause, and has responded appropriately. During PNL's onsite visit in July
1984, it was noted that the turbocharger prelube oil lines will be replaced

(
s
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with ones of a dif ferent design when the new turbocharger lubrication system is
( installed an the Catawba engines. In PNL's opinion, lines and fittings

installed in a manner similar to those installed after the original failures

will adequately fulfill their intended purposes. No comment, evaluations, or
conclusions on the redesigned system can be made at this time.

PNL assumes that Duke will follow the improved procedures and use the same

additional and improved material on the subject lines of the IB engine as they
did on the 1A engine. If so, PNL concludes that the subject items on the IB
engine would also fulfill their intended purposes.

.

(

.
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Component: Turbocharger Exhaust Gas Inlet Bolts
,

Y Part No.: 02-380B4.

,

|~ Brief History of Component

Duke Power Company has reported the failure of four 1/2-inch diameter

! turbocharger exhaust gas inlet bolts on the 1A engine.
1

Owners' Group Status

These components are also included in the TDI Diesel Generator Owners'
! Group DR/QR Program. The Shoreham Nuclear Power Station DR/QR report concludes

,' that, based on new bolting materials and revised installation proc'edures, the
exhaust manifold components are acceptable for the intended service and design

function at Shoreham.i

:

}
Duke Power Company Status

The failed bolts were examined by Duke Power Company's Physical Sciences

Laboratory. They concluded that the bolt failures were caused by-
,

bonding of the bolt threads to the adapter flange during service at- e

high temperature, necessitating the application of excessive force to
,

| remove the bolts

creep rupture due to a combination of a) use of lubricant pluse;

I applied torques leading to high axial stresses (easily over 25,000

{ psi and possibly as high as 75,000 psi); b) high temperature; and
! c) use of an alloy not resistant to creep.

The original 36 bolts, which had been exposed to over 800 hours of<

operation, and the four replacement bolts were inspected visually at SX
magnification. Duke reported that no defects or indications were found on any<

i of these bolts.

Duke has announced their intention to replace all of the subject bolts on,

) the 1A c!esel with others of the same material, using installation procedures
to assure the application of proper preloads. In addition, new bolts made of a

; creep-resistant material are being considered as replacements for those

{ currently installed.
i ..
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PNL Conclusions( ,

During the PNL onsite visit on July 25 and 26,1984, Duke personnel
reiterated their application and use of torque criteria on essentially all
fasteners of the Catawba diesel engines. PNL concludes that Duke has

adequately identified the problem and its cause and has proceeded with an
acceptable resolution. In PNL's opinion, the turbocharger exhaust gas inlet
bolts will satisfactorily perform their intended function over their expected
service life, provided that procedures which Duke has agreed to use are
employed to prevent both under- and overtorquing.

It is PNL's understanding that Duke plans to replace the subfect bolts on
the 1B engine. If so, and if this is done following the procedures used on the
1A engine, PNL concludes that the subject components will adequately perform

their intended function. '

\
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Component: Crankcase and Camshaft Cover Capscrews
I Part No.:e 02-386B

_

Brief History of Component

Duke Power Company reported occasional failure of crankcase and camshaft
cover capscrews at Catawba during the extended operational tests and as found
during inspections of the 1A diesel engine. These failures were random and
usually occurred as the bolts were being tightened to seal minor oil leaks or
as the bolts were being removed. In a few instances, the bolt heads separated

while the diesel was operating. .

Duke Power Company Status

Based on their examinations of the failed components, Duke has concluded

that the capscrews failed due to fatigue caused by over- or undertorquing
during installatio.n on the 1A engine. Duke has also reported confidence that
the problem has been resolved by replacing the failed components with capscrews
of more appropriate quality and by revising installation procedures to control

( torque.

PNL Conclusions

PNL reviewed the capscrew problem with Duke during the Catawba site visit
in July 1984. PNL concludes that Duke has adequately identified the problem
and its cause, and that the use of higher strength and higher fatigue endurance
limit items (e.g., Grade 5) installed within torque values established by
TDI/ Duke for that installation and that size item should eliminate any future
failures. Thus, the capscrews as now installed on the 1A diesel at Catawba
should satisfy the intended design requirements.

|

Provided that Duke replaces the subject components on the IB engine with

I'' higher strength items under controlled torquing procedures, these capscrews too
should satisfy the intended design requirements.

,

k
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Component: Triple-Clamp Bolts
Part No.:e 02-4500

Brief History of Component

The triple clamps support various types of piping lines along the top side
of the engine. During the extended operational tests and the subsequent dis-
assembly of the 1A diesel engine at Catawba, Duke Power Company found that
several of the triple-clamp bolts had failed in service. These failures
occurred in the threaded portion of the bolt inline where the first threads
engaged the subcover assembly. .

Duke Power Company Status

Duke subjected the failed bolts to a failure analysis.' The results indi-
cated that the bolts failed because of fatigue and being under . or overtorqued.
Duke indicated that all triple-clamp bolts were replaced with new bolts having
higher strength and higher fatigue endurance limits (e.g., Grade 8). In addi-

tion, reinstallation procedures now include provisions to assure that under-

[ and overtorquing do not occur.

PNL Conclusions

During the Catawba site visit on July 25 and 26,1984, PNL personnel and
consultants discussed Duke's review of the triple-clamp bolts, their replace-
ments, and torque limitations. PNL concludes that Duke has adequately identi-
fied the problem and its cause and that the actions implemented should elimi-
nate the recurrence of similar failures of the subject components. Thus, the
bolts as eventually installed in the diesels at Catawba should satisfy the
intended design requirements.

.
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Component: Lube Oil and Jacket Water Thermocouples
,

( Part No.:e 02-6300

_

Brief History of Component

Inconsistent or improper indications of operating conditions have been
experienced with some thermocouples (T/Cs) at Catawba. According to Duke
personnel, when these T/Cs were replaced, the indications of the operating

' conditions returned to the normal or expected operating range. Duke personnel

| have stated that these inconsistencies (or failures to indicate properly) were

believed to be the result of intermittent shorts. .

'

Owners' Group Status

The Owners' Group DR/QR Program report for the Shoreham Nuclear Power
,

!
Station concluded that the pyrometer conduit assembly thermocouples are
acceptable for their intended design function at Shoreham, provided 1) each T/C
indicated temperature is consistent with the engine ambient temperature when!

the engine is cold and 2) the T/C is removed, cleaned, and inspected for

( fatigue indications every 36 months.
,

Duke Power Company Status

Duke Power Company stated that occasional T/C failures can be expec'ted and

do occur. Duke further stated that failure of the lube oil and water thermo-
couples would not affect diesel engine operability under emergency-run condi-

) tions. Duke has reported that the failed T/Cs were repaired or replaced and

| that inspection of the failed T/Cs was not considered useful.

PNL Conclusions
t

PNL discussed the failed T/C problem and operating history with Duke
personnel during the Catawba site visit in July 1984. PNL concurs with Duke's
analysis, i.e., T/C failures are an expectable occurrence, particularly during
the early stages of equipment or system startup and operation. In PNL's

;

opinion, occasional operating inconsistencies or failures of the subject T/C.s

[ can be expected to occur during the life of the diesel engine. However, if
such a failure does occur, it will not likely compromise the continued safe and

(
"
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reliable operation of the diesel engine. Therefore, PNL believes the correc-
tive actions taken by Duke to be logical and supportable, and should be con-
tinued as required by subsequent failures in the subject components.

.

.
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Component: Rocker Box (Subcover) Assemblies
~

Part No.:e02-362A

Brief History of Component

! Two different problems have been experienced with the rocker box

| (subcover) assembly on the 1A diesel engine at Catawba. The first reported by
i

Duke involves the fracturing off of a piece of a boss located on the inside of
the unit (also identified as rocker arm pedestal). The second problem, found
in the post-operational test inspections of the 1A diesel, consists of hairline
fractures running down the boss in the web between the machined bo.lt hole and

the boss surface.

Owners' Group Statusj

The subject component is included in the DR/QR program. The DR/QR review

for the Shoreham Nuclear Power Station concluded that the subcover is
acceptable for its intended design function at Shoreham.

Duke Power Company Status

i - Duke Power Company reported finding one subcover with a piece of a boss
fractured off when the push rods were replaced. However, Duke noted that this

; situation had not adversely affected the engine's operation.

After the extended operational tests, Duke performed liquid penetrant
4

examinations on all of the bosses in all of .the 1A engine subcover

! assemblies. They found two subcovers with cracked bosses. All others were

found to be free of defects.2

'

Although none of these failure had caused a loss of operability of the

{ engine, Duke has replaced all of the affected covers.

Duke reported that the fractured boss was apparently due to installation,

i with a misaligned dowel pin. A failure analysis of the cracked bosses in the
.'

other subcovers is being conducted by FaAA.

Duke has reported that, until the cause of failure and the frequency of

! cracking are better established, they will periodically inspect the subcover
assemblies at Catawba to verify that additional cracking has not occurred.'

(
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PNL Conclusions

Subcdker assemblies and their failures were observed during PNL's Catawba

site visits in April and July 1984. PNL concurs with Duke's identification of
the problem and its cause, and concludes that Duke's actions, namely replacing
the subject components containing failures and providing for future inspection,
are adequate to address this problem. However, Duke should provide
confirmatory information on the scheduling and extent of future inspections.
This should be incorporated into the periodic maintenance, inspections, and
surveillance of these items on the Catawba 1A and 1B diesel engines.

.

|
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Component: Intermediate Rocker Arm Sockets

( Part No.: 02-390A

Brief History of Component

Duke Power Company reported that two of the intermediate rocker arm
sockets were found to be chipped and/or to have cracks on their peripheral
lips. However, these chips and cracks did not adversely affect functioning of
the socket or interfere with engine operation because the push rods normally
seat into the socket well inside the area where the chips or cracks were found.

Owners' Group Status
,

The intermediate rocker arm socket is included in the Owners' Group DR/QR

Program. The report for Shoreham concluded that similar assemblies were
acceptable for their intended design function at Shoreham.

Duke Power Company Status

Duke examined the failed components and reported finding no evidence of
the chips"or cracks propagating into the functioning part of the socket. Duke

( believes the problem is due to improper installation of the rocker arms prior
to valve adjustment such that excessive clearance existed, allowing the push
rod to move and contact the lips of the socket.

All other sockets in the 1A diesel engine at Catawba were visually
inspected by Duke Power Company. No other problems were found or noted during

these inspections.

Duke considers the chipped and cracked sockets to be only a cosmetic

| problem. In their opinion, there has been no detrimental effect on diesel
' engine operability. Duke has instigated procedural changes to assure that

excessive clearance does not exist in the rocker arm assembly; this action is

! expected to prevent recurrence of the problem.

PNL Conclusions

The intermediate rocker arm sockets were visually examined by PNL -

|
personnel and consultants during their visits to Catawba in April and July
1984 PNL reviewed the problem with Duke personnel during the July 1984

I
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visit. PNL concurs with Duke's analysis of the cause of the failures
( experienced to date in the subject components. PNL also concludes that, if

Duke follows their newly instigated procedures, the intermediate rocker arm
sockets can be expected to meet their intended operational requirements.

.

.
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Component: Exhaust Valve Tappet (Rocker Arm Adjusting Screw Swivel Pad)
( Part No.: 02-390B

Brief History of Component

Duke Power Company has reported that one of the swivel pads on the 18

diesel at Catawba was found to be cracked.

Owners' Group Status

This component is included in the Owners' Group DR/QR program. In the

DR/QR report for Shoreham Nuclear Power Station on a similar assembly, it was

concluded that the entire intake / intermediate and exhaust rocker shaft
assemblies are acceptable for their intended design function at Shoreham.

Duke Power Company Status

Duke conducted a failure analysis of the one failed swivel pad and
reported that it was swaged or rolled more excessively than were the other
screw swivel pads. They concluded that this apparent one-time manufacturing

(-
defect caused an overload on the pad, resulting in its failure.

Using visual and liquid penetrant examination techniques, Duke has'

inspected all 64 swivel pads on the 1A engine at Catawba. They have reported
finding no defects; all of the inspected sockets appear to be consistently and
properly swaged.

PNL Conclusions

The subject components were examined by PNL personnel and consultants

during the Catawba t.ite visits in April and July 1984. PNL concurs that the
results of Duke's a7tlysis appear to be logical and supportable. PNL concurs
with Duke that the swivel pads now installed in the 1A engine at Catawba are
satisfactory and should be capable of meeting their functional requirements for
the life of the diesel engine as dependent on the manufacturer's recommended

maintenance and/or replacement programs. It is also assumed that the pads on

the IB engine are also capable of meeting their functional requirements. ,

('
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Component: Intake and Exhaust Valves
(' Part No.:; 02-360B

Brief History of Component

During the disassembly and inspection of the 1A engine at Catawba after
the extended operational tests, Duke found nine exhaust valve stems with areas
of flaked or peeling chrome plate. The separation of chrome occurred from
about 6 to 8 inches above the seat of the valve and at a location corresponding
to where the stem enters the valve guide. Duke has reported that separation of
the chrome had no effect on the diesel engine operability and did not cause any

,

observable damage in the valve guides. The valves themselves have undergone
over 800 hours of engine operation, with at least half of that at engine loads
over 185 psig BMEP.

,09:ners' Group Status

Intake and exhaust valves are included in the DR/QR Program. The Shoreham

DR/QR report on intake and exhaust valves concluded that flaking and loss of

( chrome plating from the valve stem is an isolated event that has a minor effect
on engine performance. It was reported that fuel used at Shoreham does not
contain significant quantities of sulfur, and corrosion of the alloy steel stem
will be minor if chrome is lost. There may be some increase in oil leakage

past the stem seal, but this will not affect engine operation. Thus, an iso-
lated occurrence of chrome loss will not significantly affect engine reliabil-
ity. The report concludes that the valves are acceptable for their intended
design function at Shoreham.

Duke Power Company Status

Duke Power Company observed no structural damage in the valve stems where

chrome plate flaking or peeling occurred. During the Catawba site visit in
July, Duke reported that the affected valves were replaced during the
reassembly of the 1A engine.

*

PNL Conclusions

The chrome peeling on the valve stem was noted during the April and July
1984 visits to the Catawba plant by PNL personnel and consultants. PNL agrees

(
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with Duke that the chrome peeling found on the valve stems is of only minor f

( importancel. However, because this peeling could possibly allow corrosion and (
an accumulation of corrosion products that could eventually affect the
operation of the valve and/or the valve guide, valve replacement is considere'd
necessary. This has been completed on the 1A engine; PNL concludes it should
be done also on the 1B engine.

.

f
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Component: Spring Retaining Nut and Roll Pin on Air Start Valves c'
( k 'iPart No: 02-359

Brief History of Component

During the extended operational testing of the 1A diesel engine at
Catawba, Duke Power Company found the spring retaining nut on one air start
valve was jammed due to galled threads. In addition, a spring retaining nut
roll pin was missing from another valve. Duke reported that neither the galled
threads nor the missing roll pin had any adverse effects on the diesel's
operability. .

Owners' Group Status

The subject air start valve is an assembly included in the DR/QR program.
The DR/QR report for the Shoreham Nuclear Power Station documents the design

and quality revalidation reviews conducted on the assembly and its equivalent
components. The final conclusion of this report is that the air start valve,
as an assembly including these components, is acceptable for its intended

[( design function. t

Duke Power Company Status

All of the air start valves on the Catawba lA engine were disassembled and
visually inspected by Duke personnel. The one jammed nut and the one missing
roll pin were the only deficiencies found on the 16 subject valves of
engine 1A.

Duke has expressed the opinion that the jammed nut and missing roll pin
were the result of installation errors. The:e items have been replaced. Duke
has also implemented installation procedures to assure that similar omissions
or problems will not recur.

PNL Conclusions

The subject deficiencies were reviewed with Cuke by PNL personnel and

consultants during the Catawba site visit in July 1984. PNL concurs with .

m
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Duke's assessment of the problem, its cause, and its correction, and concludes /
( that similar errors are not likely to occur in any subsequent engine '(

reassembly, provided that appropriate procedures are followed.

.
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3.2 GENERIC PROBLEMS
;

f Component: Crankshaft (- i
Part No: '02-310A
Owners' Group Report: FaAA-84-4-16 (dated May 22,1984)

Brief History of Component

Three V-16 crankshaft failures have been reported, all in the non-nuclear
industry. Two failures were attributed to torsional stress due to operation
too close to the critical speed. No cause has been suggested for the third
failure. There also have been failures of shafts of other TDI R-4 engine
models. However, because of the individual nature of shaft stresses, such are
not necessarily germane to V-16 engines in general nor to the Catawba engines

specifically.

Owners' Group Status

Failure Analysis Associates has performed torsional and bending stress
analyses of the subject crankshaft and has concluded that the shaft will meet
the Diesel Engine Manufacturers Association (DEMA) standards at the engines'

nameplate rated load and speed. The radius of the fillets in main journal oil
holes was identified as an area of potential stress concentration, and careful
inspection of this area was prescribed. PNL's review of the FaAA report on
these shafts has not yet been concluded. Various considerations remain pend-
ing, in the view of PNL's diesel consultants, and must be adequately addressed
and favorably resolved before PNL could be confident that the shafts can be
shown analytically to be able to function properly over their expected func-
tional life at their design ratings, and also accept such excursions in load,
load balance, and speed as sometimes occur with engines.

Duke Power Company Status

Both Catawba engines have undergone extensive operation, with over
750 hours on each; more than half of the loads were above 185 psig BMEP. These
crankshafts in the Catawba diesels have 13-inch diameter crankpins and 13-inch

, *

diameter main bearing journals, as opposed to the f ailed R-48 shafts at
Shoreham with 13-inch main journals and 11-inch crankpins.

m
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The completed in situ inspection of the 1A diesel crankshaft included:
e web deflection measurements i

{ torsiograph tests (with the AN piston skirts) De ,

e visual inspectiun of all crankpin journals and the fillets at either
-

end

eddy-current testing of all crankpin-to-web fillets except for thoseo

of crankpin #2
e visual inspection of main bearing journals and journal-to-web fillets

for 50% of the main bearings (#4, #5, #6, and #8)
e fluorescent dye penetrant testing of the lube oil holes in main

journals #4, #6, and #8.
.

No visually discernible indications were found on the crankpin fillets.
Minor indications were detected on the crankpin-to-web fillets on crankpin #7
and on the #8 main journal oil hole. The indications found as a result of the
eddy-current testing and the fluorescent dye penetrant test were polished out
in less than 0.020 inch.

( The 18 diesel crankshaft inspection will include web deflection )(~
measurements and visual inspections of the crankpin journals and fillets.

Duke has concluded that the 1A crankshaft evidences no meaningful,

deleterious problems, present or potential, and that it is serviceable for its
designed function.

PNL Evaluation and Conclusions

PNL consultants have reviewed report FaAA-84-5-23 entitled Torstograph
Test of Emergency Diesel Generator 1A at Catawba Nuclear Power Station. They
concluded that this test, conducted on the 1A engine while it contained AN
piston skirts, is representative of what would be expected of similar tests of
the same engine with AE piston skirts installed. Therefore, PNL does not see
the need to conduct additional torsiograph tests on the 1A engine at this -

time. As discussed in this TER, Duke has completed extended operational tests

on the 18 diesel engine at Catawba that consisted of

(' M)
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sufficient operating time to indicate the crankshaft is capable of the intended ,

service. further, in the July 6,1984, letter to NRC, Duke has identified the ()
tests and inspections they plan to perform on the crankshaft of the IB
engine. In PNL's viewpoint, this proposed test and inspection program are

adequate to verify the physical condition of the IB crankshaft. Assuming that
the results of Duke's test and inspection program are satisfactory, then PNL
would not have any reservations about the crankshaft of the IB engine being
capable of performing its intended functions, at least until the next reactor

'

refueling outage.

Because the relevant Owners' Group analyses of RV-16 crankshafts are not
'

yet finalized to acceptable cor.clusions, in PNL's view, PNL cannot conclude in
an unqualified manner that the Catawba shafts are unreservedly reliable.
However, PNL does conclude that sufficient operating time has been accumulated
on the 1A engine, and that adequate inspection tests have been performed on the
crankshaf t in the 1A engine, to verify its adequacy to perform its intended
functions at least until the next reactor refueling outage, provided the engine
operating BMEP is kept below 185 psig. It is PNL's understanding that Duke's

( emergency load profile meets this condition. By the next reactor fueling
outage, it should be possible to draw definitive conclusions on these shaf ts.

,
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Component: Connecting Rod Bearing Shells

( Part No: 03-340-B1 ( .|v.

,

Owners' Group Report: FaAA-84-31

Brief History of Component

No total failures of the TDI DSRV type diesel engine connecting rod
(conrod) bearing shells have been reported in nuclear applications. However,
some have been replaced because of deterioration due to inservice conditions or
because they were found to be in nonconformance with Owners' Group

recommendations regarding voids in the base material.
.

Owners' Group Status

Failure Analysis Associates has conducted both stress and orbital analyses
on the conrod bearing shells. They concluded that the bearings are suitable
for the intended service, provided 1) they conform to the manufacturer's
specification and 2) they meet a criterion for subsurface voids developed by
FaAA for the Owners' Group.

( Duke Power Company Status ,

The engines at Catawba, with original bearing shells in place, have each
operated for over 750 hours, more than one-half that time at loads above
185 psig BMEP. That is approximately the maximum emergency load (LOOP and
LOCA) for which these engines were selected.

All (100%) of the conrod bearing shells for the 1A diesel engines at
' Catawba were examined using the following techniques:

* thickness measurement
visual inspection of bearing and back surfaces*

liquid penetrant examinatione

radiograph examination.*

These inspections are now underway on the IB conrod bearing shells.

The thicknesses of the bearing shells from the 1A engine were found to ,be

within specification. Visual and liquid penetrant examinations showed
deterioration of the babbit layer in the areas where maximum pressure is

- a
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exerted on the bearing. Duke has concluded that this deterioration is the
result of, normal wear; it had not progressed to the point at which engine
operation would be affected. Therefore, Duke determined that the bearing
shells are acceptable for reuse.

Radiography detected five conrod bearing shell halves that contained voids
larger than specified by the Owners' Group criterion. During the July 1984
site visit, Duke personnel indicated that the upper and lower bearing shell
halves of no. 5, 6, and 7 conrods were replaced in the 1A engine at Catawba.

PNL Evaluation and Conclusions

The subject bearing shells from the 1A engine were not available for PNL
inspection during the Catawba visit in April 1984. However, photographs of the
bearing surface of each were reviewed. During PNL's visit to Catawba in July
1984, the bearing shells from the IB engine were viewed by PNL staff and
consultants. The deterioration noted in both sets of bearing shells has been

reviewed and discussed. PNL's consultants conclude that this deterioration
could be the result of insufficient oil pressure, and PNL recommends that Duke

( investigate this possibility. PNL concurs with Duke that the subject
components retain sufficient service life for reinstallation and use. However,
subsequent inspections should be made on the bearing shells within the next
500 hours operation to verify their continued integrity. This is approximately
the operating time expected over the next 10 years and agrees roughly with
Duke's inspection plan. Duke's planned regular monitoring of the lube oil for
contaminants, such as bearing babbit metal, will help assure reliability of
these components.

.

e
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Component: Cylinder Blocks
( Part No: 02-315A

Owners' Group Report: FaAA-84-5-4

Brief History of Component

Numerous incidents of cylinder block cracking have been reported in the
non-nuclear field. In the nuclear field, all three engines at Shoreham have

cracks in their cylinder blocks. At Comanche Peak, cracks were observed after
90 hours of operation. None has resulted in catastrophic engine failure or

1

emergency shutdown. A number of engines have continued to operate many hours

with known cracks.

Affected areas are primarily the cylinder liner landing area, between the
cylinder opening and adjacent head stud holes, and between adjacent cylinder

,.

'

head stud holes.

Owners' Group Status

Failure Analysis Associates performed strain gauge testing combined with
l two-dimensional analytical modeling of the block top and liner. In their

report only recently published, FaAA concluded:

Eventually, depending upon sufficiently high load and operating*

hours, cracks will initiate between stud hole and liner counter-
bore. Cracks are predicted to be benign (e.g., non-propagative) if
the block materials are free of deleterious materials and properly
cast, and if engine loads remain below 225 psig BMEP. [That some
(such as those at Catawba) have operated many hours at loads at and
exceeding these levels without even initial crack indications is, in
FaAA's opinion, indicative of the conservative nature of their,

evaluation.]

* Cracks between stud hole and liner counterbore will increase the
likelihood of cracks developing between stud holes of adjacent
cylinders. The deepest crack measured in this region (5-1/2 inches
in depth at Shoreham) did not degrade engine operation or loosen
studs.

51,
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- o Provided there are no cracks between stud holes between adjacent

cylinders, the block is predicted to have sufficient margin to
withstand a LOOP /LOCA event.

The FaAA report recommends visual and eddy-current inspections of cylinder
blocks at intervals related to load and operating hours.

Duke Power Company Status

Both Catawba engines have operated over 750 hours each, over half of that
time at loads exceeding 185 psig BMEP.

The block inspection for the 1A diesel, which revealed no cracks,
,

included:

liquid penetrant examination of all cylinders around the studs, ando

between the cylinder studs and liner

dimensional and liquid penetrant. examination of the cylinder linero

landing area of seven cylinders

eddy-current testing of stud holes of these seven cylinders.o
,

[ The proposed inspection plan for the IB engine will include only 25% of'

the block (four cylinder areas), covering only dimensional and liquid penetrant
examination.

PNL Evaluation and Conclusions

After reviewing the FaAA report and noting that Duke's inspections of the
1A engine blocks revealed no indication of cracks, PNL concurs that the blocks
are acceptable for their intended purpose, at least until the next reactor
refueling outage. PNL's conclusions regarding the scope and frequency of
inspections are expressed in Section 7.0.

If the results of Duke's inspections on the cylinder blocks of the IB
engine are satisfactory, PNL would have no reservation about the continued use
of these components and their ability to fulfill their intended purpose.

.
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Component: Cylinder Liners

I Part No: 02-315C
Owners' Group Report: FaAA 84-5-4

Brief History of Component

Only one incident of cylinder liner " failure" in nuclear service is
available. This failure occurred in 1982 at Grand Gulf when a piston crown
separated from the skirt during testing of the Division II engine and marred
the liner.

Owners' Group Status .

The Owners' Group analysis has identified some cylinder liner dimensions
as not being compatible with those of interfacing components. This
incompatibility could be a contributing factor in liner stresses.

Duke Power Company Status

The original liners on both the 1A and IB engines at Catawba have served
for over 750 hours of operation, with over one-half that period at loads

( exceeding 185 psig BMEP.

Cylinder liner inspection on the 1A diesel included those listed below.
The 1B diesel inspection percentages are shown in parentheses.

visual inspection of 100% of the cylinder liners (100%)*

bore measurements of 100% of the cylinder liners (100%)e

material comparitor and hardness tests on 20% of the liners (0%)9

dimensional check of cylinder protrusion above the block on 100% ofo

the liners (100%)

dimensional check of the cylinder liner landing area for 40% of thee

cylinders (25%).

All cylinders showed minor scuffing. Duke has concluded that the scuffs
are a result of normal wear and are acceptable. Twenty-three percent of the
bore measurements and 33% of the cylinder protrusion measurements did not meet

TDI specifications. Duke has concluded that the out-of-specification
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measurements are acceptable for used cylinders. Although the material
comparitor, tests showed differences from the Owners' Group standard, Duke
considers the liners to be satisfactory based on their performance record. The
hardness test results were found by Duke to be acceptable.

PNL Observations and Conclusions

PNL concurs with Duke that the inspections made and the results are

acceptable. The Duke conclusions regarding scuffing, bore measurement, and
materials composition are judged to be reasonable and supportable. In view of
these considerations, the already acceptable service for over 750 hours in the
1A engine, and the general history of reliability of TDI liners, PNL concludes
that the liners in the 1A engine are suitable for their intended purpose. If

the results of the inspections on the IB engine cylinder liners are acceptable,
PNL concludes that these liners also will suit their intended purpose.

I
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: Component: Cylinder Head Studs
,

*

Part No: .03-315-01-0A (Old Design)
'

Owners' Group Report: Stone & Webster, March 1984"

| Brief History of Component
i

To date, no failure of cylinder head studs has been reported in the
nuclear industry. However, some isolated failures have been reported in the^

i non-nuclear field. The cause has not been reported.

Owners' Group Status

! Stone & Webster Engineering Corporation has analyzed both thd old design
studs and new necked-down studs developed by TDI to minimize potential cylinder

,

block cracking, and has concluded that both stud designs are adequate for the"

service intended, provided proper stud preload is applied.;

Duke Power Company Status

The original studs in both Catawba engines have experienced over 750 hours
- of operation, over half of which has been at loads exceeding 185 psig BMEP.

Duke has not replaced any of the cylinder head studs with the new necked-

|
down design. In the 1A diesel inspection, head studs of four cylinders were
measured for as-found torque and then visually inspected. Also, material
comparitor and hardness tes h were performed on a single stud from each of four

i cylinders.

The as-found torque was above 1100 ft-lb (1500 ft-lb specified) for all
measured studs. Duke believes this to be acceptable. No significant indica-

2

tions or material problems were detected. The 18 diesel inspection will

! include a visual inspection of 25% of the cylinder head studs as in the 1A
'' diesel inspection.

PNL Observations and Conclusions

From the analysis and inspections performed on the subject studs, PNL
ccncludes that the old design as being used at Catawba remains adequate for'itsi

intended purpose, assuming all stud preloads are as specified.;

|

!
'

55

|

i



Component: Engine Base and Bearing Caps

Part No: 402-305C
Owners' Group Report: FaAA-84-6-53

Brief History of Component

The only failure reported by the Owners' Group for DSRV-16 engines
occurred in a non-nuclear application: a nut pocket failed on a DSRV-16 engine
at the ANAMAX mine near Tucson, Arizona. According to FaAA, TDI determined

that this failure was due to impurities in the casting material that reduced
the engine base strength. .

Owners' Group Status

Failure Analysis Associates, as discussed in the Owners' Group report, has
analyzed the base, bearing saddles, bearing caps, nut pockets, and bolting /
nuts. FaAA has concluded that the base assembly components have the strength

necessary to operate at full rated load for indefinite periods, provided that
all components meet manufacturer's specifications, that they have not been

( damaged, and that proper preloads are maintained.

Duke Power Company Status

On engine 1A, 50% of the main bearing saddle area (around four bearings)
was checked by liquid penetrant and visually examined around and between the

i

stud holes. In addition, stud tension for removal of the nuts was measured.
No abnormalities were detected. This component will not be inspected as part
of the 18 diesel inspection, per Duke's current inspection plans.

PNL Evaluations and Conclusions

The one reported failure of these components appears to be traceable to a
manufacturing defect in a particular casting. There has been no indication of
a similar failure occurring in the 1A engine that has been operated for over
800 hours, with at least one-half of this time at BMEPs of over 185 psig.

PNL concludes that Duke has conducted adequate inspections and, further,
that there is no apparent reason why these components cannot continue to

perform their intended functions in both of the TDI diesel engines at Catawba.

(
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Component: Rocker Arm Capscrew

( Part No: 02-390-01-0G
Owners' Group Report: Stone & Webster, March 1984

Brief History of Component

Rocker arm capscrew failures at Shoreham have been reported. There have
been no reports of similar failures elsewhere.

Owners' Group Status

Stone & Webster Engineering Corporation, a consultant to the Owners'
Group, has performed stress analyses of both the original capscrev design (the

type that failed at Shoreham) and a newer design. Stone & Webster has con-
'

cluded that both designs are adequate for the service intended. Stone &
Webster has attributed the failure at Shoreham to undertorquing.

Duke Power Company Status

The rocker arm capscrews at Catawba are of the original design. These
capscrews have experienced in excess of 10 million loading cycles in both

( Catawba diesel engines without reported failures.

Inspections of all rocker arm capscrews on the 1A diesel included:
o measuring breakaway torques

e visual examination
magnetic particle testinge

material comparitor and hardness tests.a

The range of breakaway torques for the intake / intermediate and exhaust
capscrews was 278 to 376 ft-lb and 324 to 498 ft-lb, respectively. Comparing
thest values to the specified torque of 365 ft-lb, Duke cnneluded that these
ranges were acceptable. Further, no indications or material problems were
idertified. Due to the satisfactory inspection results on the 1A diesel, Duke'

pro 90ses to examine the 18 diesel rocker arm capscrews visually and by magnetic
particle detection only.

.

(
!
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PNL's Conclusions
] (
,

Based on the satisfactory performance of the subject capscrews at Catawba

| for over 10 million cycles, PNL concludes that the currently available

l components are adequate for the intended service in both the 1A and 1B diesel

) engines. Also, in view of the satisfactory service performance, PNL concurs
with the reduced scope of inspections as Duke has proposed on the IB engine.
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Component: Connecting Rods

Part No: 02-340A

Owners' Group Report: FaAA-84-3-14

Brief History of Component

Various con'necting rod failures have been reported from the non-nuclear
field. One failure mode was in the link-rod blade-to-pin bolting, due to loss
of bolt preload. Another mode of failure was fatigue cracking of connecting
rod bolts and/or the link rod box in the area of the mating threads. No
connecting rod failures have occurred in nuclear service.

.

Owners' Group Status

The first failure mechanism cited was fatigue failure of the link rod
~

bolts resulting from loss of bolt preload. The problem and its solution were
addressed by TDI in Service Information Memo (SIM) No. 349, dated September 18,
1980. According to this SIM, engines manufactured between 1972 and February

1980 may have been shipped with an insufficient locating-dowel counterbore

( depth in the link rod or link pin, resulting in unintended clearance between
the link rod and link pin as assembled. Under firing load, this locating dowel
will yield, allowing the unintended clearance to disappear and resulting in

* loose link rod bolts. The Owners' Group (through the above-mentioned FaAA

report) has determined that there must be zero clearance under the specified
bolt torque of 1050 ft-lb.

The second failure mechanism is fatigue cracking of the connecting rod
bolts and/or the link rod box at the mating threads. TDI attributed these rod
cracks to " thread fretting." This " thread fretting" was concluded by TDI to
result from distortion of the rod bolt under operating loads in the area of the
mating threads; the distortion could occur if the bolts had been installed with
the originally specified bolt preloads. The Owners' Group addressed this
concern for the two versions of the connecting rod, namely the original design

equipped with 1-7/8-inch bolts and a later design in which the rod boxes are
,

equipped with a 1-1/2-inch bolts. Stress analysis, including finite element
studies, has been completed by FaAA. Failure Analysis Associates has concluded

that both designs are adequate for the service intended, provided conrod bolt
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preload is checked within time limits specified as related to engine load
requirement in terms of percentage of nameplate rating; However, the rod with
the 1-1/2-inch bolts has an 8% to 9% nigher margin of safety than the rod with

1-7/8-inch bolts because the related rod box structure is more massive with the
smaller bolt configuration.

Duke Power Company Status

The Catawba engines were furnished with connecting rods employing the
1-7/8-inch bolt. The 1A engine has undergone over 800 hours of operation (over
10 million load cycles), with over half of that at engine loads exceeding
185 psig BMEP. The IB engine has been operated for over 750 hours., with over
80% of this time at engine loads exceeding 185 psig BMEP.

The connecting rod bolt inspections on engine 1A were as follows:

visual inspection of 100% of areas subject to wear (rack teeth,*

washers, seating surfaces)

measurement of 100% of link pin and link bushing dimensions (25% fore

piston pin bushing)

material comparitor and hardness tests on 25% (4) connecting rod*

assemblies (master rod, rod box, and link rod)

liquid penetrant test of rod box areas subject to crackingo

eddy-current inspection of 100% of the rod box threaded holes*

measurement of breakaway torque on 100% of connecting rod assembliese

inspections of connecting rod oil passageso

magnetic particle testing of 100% of connecting rod boltse

visual inspection of the connecting rod contact surfaces*

|

| o measurement of the contact of the connecting rod rack-teeth
(serrations) with the mating part by " bluing", for 100% of the rods i

measurement of connecting rod bolt elongation by ultrasonic testing.o ,

Results of the material comparitor and hardness tests, the magnetic
i

j particle and eddy-current examinations, and the oil passage inspections showed
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no abnormalities. Some scratches and pitting were detected through the visual
inspection of possible wear areas, which Duke concluded have no adverse
effects. The TDI-allowed clearance tolerance for new piston pin bushings is 10
to 15 mils; for used piston pin bushings, it is 20 mils. The four bushings
measured 11 to 13 mils,'which is within the specification for new bushings.
The dimensions of the link pin and the link pin bushing were satisfactory in
all cases.

The liquid penetrant test showed a 1-1/2-inch long scratch on link rod
bushing 1L, which was replaced. Breakaway torque values for the master rods
and the link rods ranged from 1260 to 2150 ft-lb (specified torque of
1700 ft-lb) and 880 to 1410 ft-lb (specified torque of 1050 ft-lb),
respectively. Galling under bolt heads was observed in the visual inspection
of the contact surfaces. Duke has concluded that the galling was due to bolt
torquing and is acceptable. The degree of contact from bluing showed a range
of 80 to 100%. The manufacturcr requires at least 75% contact. Inspection

results are not yet available for the elongation tests.

( PNL Evaluations and Conclusions

TDI and the Owners' Group have each conducted extensive investigations and
analyses of the connecting rod failures. PNL has not been able to reach final
closure on the sufficiency of their results, but generally concurs with their
conclusions as to the failure mechanisms, subsequent corrective actions, and

overall operability and reliability of the components if given sufficient
surveillance and maintenance.

I

Duke has appropriately addressed the generic issue of potential connecting
rod problems through extended operations, disassembly, and inspection. PNLr

concludes from the available evidence that the connection rods on the Catawba
engines can be expected to perform their intended function reliably. This is

,

stated, however, with the proviso that Duke fully check (and correct as needed)
the locating-dowel problem and the rack-teeth contact ratio, and establish a
comprehensiv'e surveillance and maintenance program (see Section 7.0).

.
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Component: Engine Mounted Electrical Cable
Part No: 02-688B

_

Owners' Group Report: Stone & Webster, June 1984

Brief History of Component

No failure of this part has been reported. However, in TDI Service
Information Memo (SIM) No. 361, Rev. 1, TDI reported that two engine-mounted
cables, those associated with the Woodward governor / actuator and the Air-Pax

magnetic pick-up, represent potential fire hazards.

Owners' Group Status ,

Based on the survey results for Catawba, Stone & Webster has recommended
*

to Duke that they implement TDI SIM 361 and that they replace some of their
installed 14 AWG wire with wire that is qualified to the IEEE-383-1974
standard. Stone & Webster has also recommended that Duke verify the time

period during which their type N7 sliding link terminal blocks were
manufactured.

Duke Power Company Status

In their report issued to NRC on June 29, 1984, Duke stated their inten-
tions to replace wiring and implement TDI SIM 361 by September 1984. This
report also referenced Duke's program for inspecting sliding link terminal
blocks rather than verifying the manufacturing date of the TDI-provided items.

PNL Evaluation and Conclusions

When the electrical cable is replaced with IEEE-38-1974 qualified cable
capable of withstanding the ambient temperature that might occur adjacent to
the diesel engine proper, PNL concludes that there should be no more concern
about the integrity of the cable and its ability to function at the normally
expected temperatures.

During the Catawba site visit in July, PNL obtained information from Duke
on sliding link terminal blocks. According to these data (Reference 19 to the
report issued on June 29, 1984, to NRC), they have found a small percentage of

(
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defective links at Catawba. However, Duke reported no incidents of a defective
link causing degradation or failure of an electrical circuit.

PNL and its consultants have not completed their review of either the
Stone & Webster reports on the subject components at the TDI Dwners' Group

plants (including Catawba) or Duke's inspection approach on the sliding link
terminal blocks. However, PNL concludes that the terminal blocks as installed

,

at Catawba will be capable of fulfilling their intended functions, at least
until the first refueling outage at the reactor.

.
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Component: High-Pressure Fuel Tubing
( Part No.: 02-365C .

'

Owners' Group Report: Stone & Webster, April 1984

Brief History of Component

High-pressure (HP) fuel tubing leaks have developed during preoperational
engine testing on Shoreham and Grand Gulf engines. There are no other reported
failures in nuclear application.

Owners' Group Status

Stone & Webster has analyzed the failed HP fuel tubing and has concluded
that the failures originated in inner surface flaws that were initiated during
f abrication. If, through eddy-current inspection, the inner surface condition
of new tubing is found to be within manufacturer specification, Stone & Webster
has concluded the HP tubing is suitable for the service intended.

Duke Power Company Status

The tubing for both diesels at Catawba has operated satisfactorily for
,

greater than 10 million cycles. Duke proposes to perform eddy-current tests
along with visual inspections of the HP tubing of both the 1A and IB diesel
engines. The inspection results have not yet been made available.

PNL's Evaluation

The isolated failures that have occurred on the high-pressure fuel tubing
appear to have been a result of internal flaws. The subject components have
neither been a source of problems nor failed on either of the diesel engines at
Catawba during their extended operational tests.

PNL concurs that, if the eddy-current tests show all new or replaced
tubing does not contain unacceptable inner surface flaws, then these components
should be capable of fulfilling their intended design function.

.
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Component: Jacket Water Pumps
I Part No.: ,02-425

Owners' Group Report: Stone & Webster, June 1984

Brief History of Component

A TDI engine at Shoreham has experienced a jacket water pump shaft
failure. There is no history of failures on jacket water pumps designed for
the V-16 engines.

Owners' Group Status

Stone & Webster has investigated the jacket water pumps as in~ stalled on
the TOI in-line and V engines. They reviewed these jacket water pumps from the
standpoints of mechanical design, material suitability, and hydraulic
performance. Stone & Webster found the pumps such as those installed on the
Catawba 1A and 18 engines to be acceptable, with a recommendation that a
limiting torque be established for one of the pump shaft nuts.

Duke Power Company Status

I The 1A diesel jacket water pump inspections included:

visual inspection of the driving gear, coupling, and clearance ringo

material comparitor and hardness tests of the shaft*

liquid penetrant examination of the coupling, shaft, and impeller*

radiography examination of the impeller.o

Porosity was noted in the impeller casting. Based on radiography results,
Duke concluded that the porosity was acceptable. The jacket water pump will
not be inspected as part of the 18 diesel inspection.

PNL's Evaluation

The analysis conducted on the subject pump has been quite extensive. PNL
concurs with the investigations' conclusions and concludes that the pumps as
installed should be adequate to meet their design purposes. However, Duke must
check the subject component on the IB engine to assure that the nut holding the

;
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external spline in the shaft taper is neither under- nor overtorqued. Duke
should also confirm that the 1A engine jacket water pumps were reinstalled1

within the recommended torque ranges.
.
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Component: Air Start Valve Capscrews

Part No.: .Gg-032-114
'

Owners' Group Report: Stone & Webster, March 1984
.

Brief History of Component

No actual failures of these capscrews have been reported. However, on
May 13, 1984, TDI reported a potential defect due to the possibility of the
3/4-10 x 3-inch capscrews bottoming cut in the holes in the cylinder heads,
resulting in insufficient clamping of the air start valves.

Owners' Group Status ,

Stone & Webster and TDI both have recommended that the 3-inch capscrews be

either shortened by 1/4 inch or replaced with 2-3/4-inch capscrews.

Duke Power Company Status

Capscrews on both the 1A and 1B diesels were modified prior to the
extended operational tests. All of the 1A air start valve capscrews were
measured for torque with values varying from 45 to 134 ft-lb. Duke concluded

{ that this range represents an acceptable variation from the specified torque of
100 ft-lb. Twenty-five percent of the 1A capscrews were measured for length;
all those measured were within tolerance. For the IB diesel inspection, Duke
will measure and retorque 25% of the capscrews.

PNL's Evaluation

PNL agrees with Duke's assessment of the problems. The actions taken by
Duke to eliminate the potential interference would appear to be adequate to
prevent any subsequent failures. PNL concludes that, with tM continued use of
Duke's installation procedures to control torque of bolts, studs, and screws to
specified ranges, these components will not present future problems on the
Catawba engines.

.
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3.3 RESPONSES TO NRC QUERIES ON COMPONENT PROBLEMS

( In their August 1,1984, letter to NRC, Duke Power Company has indicated
its reponses to, or the actions to be taken on, specific items or issues raised
during the Catawba site visit in July. PNL has reviewed this letter and
concludes that the response to each item or issue is acceptable.

.
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4.0 EVALUATION OF CATAWBA 1A DIESEL ENGINE INSPECTION

(

This section documents PNL's technical evaluation of the disassembly,
~

inspection, and reassembly of the 1A diesel engine at Catawba. These efforts
were performed by Duke Power Company following successful completion of the
planned extended operational tests.

4.1 STATUS AT CATAWBA

When the extended operational tests were finished in March 1984, the 1A
diesel engine had accumulated more than 800 hours total operating time. For
50% of this time, the 1A engine was operated with loads at or greater than
5800 kW (186 psig BMEP). A load of 5714 kW (184 psig BMEP) is the maximum

required in any emergency postulated for Catawba. Duke subsequently initiated
extensive disassembly and inspection of the engine to confirm the condition of
various parts and to identify any parts requiring repair, replacement, and/or
redesign to ensure highly reliable standby electric generator service. Duke's
inspection program involved 100f, inspection of parts for which there was a

( history of problems or other reasons for special concern. Substantial sampling
inspections were performed on other important parts for which there was no
history of problems.

The inspections of the 1A diesel engine were performed during April
through June 1984. As reported by Duke, the diesel disassembly, inspections,
and reassembly were performed in accordance with Duke Power Company's Quality

Assurance Program. The work was performed primarily by Duke personnel;
however, selected inspections were performed by Failure Analysis Associates
(FaAA), Stone & Webster Engineering Corporation, and others in conjunction with
the TDI Owners' Group Program. Duke has stated that the inspections of the 1A
diesel are now complete, except for a few that must be performed during or
following engine reassembly. "Walkdown" inspections of the various piping,

tubing, and electrical conduit runs on the engine are planned following com-
pletion of the 1A engine reassembly. Results of these inspections will be .

factored into the Owners' Group Phase II DR/QR program for Catawba.
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Duke Power Company's report, entitled Catawba Nuclear Station Diesel

f Engine 1A Component Revalidation Inspection, dated June 29, 1984, describes the

methodology and results of the inspections and examinations performed.

4.2 TEST AND INSPECTION RESULTS

The post-extended operational test inspections on the 1A engine are now
nearly complete. Engineering and quality assurance evaluations of the
inspection results have been performed by Duke. They consider this work to
have identified all significant conditions.

As reported by Duke, the most significant results of the Catawba 1A diesel
engine post-test inspections are as follows:

Many of the major problems experienced with other TDI diesel engines*

did not occur in the Catawba 1A diesel engine.

One major problem was noted on the 1A diesel. Four of the type AN*

piston skirts used in the 1A diesel were found to have one or more
cracks in the region where an internal circumferential reinforcing

( rib intersects the piston pin boss.

The turbocharger thrust bearings were found to be severely worn,o

although they had continued to function satisfactorily during the
test. This condition was anticipated because similar problems have
been experienced at other stations. As a result of this history, a
redesigned lube oil system is being developed to minimize possible
recurrence of the problem. It will be installed by September 1,

1984. In the meantime, the bearings have been replaced as necessary

to ensure operability.

Several other problems of potential significance to engine 1Ao

operability were detected and are being investigated further as part
of the TDI Owners' Group Program:

- Two subcover castings were found to have cracks in an intake rocker
.

arm pedestal.

('
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. - Two Catawba cylinder heads (one on diesel 1A and one on 1B)
exp,erienced small jacket water leaks into the exterior fuel

,

injector cavity. Metallographic examinations of the head removed
~

from the 1A diesel indicates that the leak was due to a fatigue
crack of the spray nozzle hole repair at a weld performed at the
TDI factory.

A small eddy-current test (ECT) indication was detected in crankpin-*

to-web fillet #7 (generator end) on the crankshaft. Metallurgical
examination suggests that the indication was due to 0.027-inch and
0.021-inch long linear defects located about 0.105 inches apart. The
0.021-inch defect was polished out at a depth of less than 0.005
inch. The 0.027-inch indication was polished out in about 0.020 inch

.

of depth. Another indication was detected by fluorescent dye pene-
trant in the #8 main journal oil hole. This indication was approxi-

mately 0.26-inch long and made up of a series of extremely small
pores. This indication was polished out in less than 0.005 inch.-

Evaluation of these indications shows that they were due to initial
' fabrication.

A variety of routine minor conditions was noted; these are discussedo

in Section 3.0 of this TER. None of these conditions impacts the

operability or structural integrity of the diesel. Typical
.

conditions included:
- chipped and cracked edges of rocker arm sockets and cracked tappet
- flaked and peeled valve stem chrome plate
- jammed air start valve adjusting nut
- heads of small bolts broken off, due to under- or overtorquing
- fuel oil injection pump valve holder cracked at a casting defect
- repeated cracking of the right-bank turbocharger /intercooler

;

adapter

- turbocharger prelube oil line fractures at connection fittings.
.

4.3 EVALUATION

| As stated in PNL-5161, Review and Evaluation of TDI Diesel Generator
Owners' Group Program Plan, engine testing and inspections are the key elements

:
'
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of the TDI Owners' Group Program for tying corrective actions together and for

verifying , adequate results.

PNL believes that the extended operational tests conducted by Duke on the
1A engine at Catawba, lasting over 800 hours (over half of which were at loads
of over 185 psig BMEP), were of sufficient length and magnitude and adequate to
verify the operability and reliability of components. Further, in PNL's
opinion, the tests were adequate to demonstrate whether or not the components
will meet load and service requirements without evidence of distress under
conditions that could induce high-cycle fatigue.

.

4.4 CONCLUSIONS

Based on its evaluation of the activities associated with or reported on

the inspection and reassembly of the 1A diesel engine, PNL concludes that

Except for the AN piston skirts, the significant engine components2

were found to be in operable and reliable condition after the
extended operational tests, or were appropriately serviced or

[ replaced.

No major problems were found at the end of the extended operational*

tests that would have prevented the 1A engine from continuing to

operate at that point in time.

The miscellaneous problems found have been addressed, and corrective*

actions have been taken or proposed that should be adequate to

prevent a recurrence.

PNL concludes overall that, upon Duke's satisfactory completion of the
return-to-service testing, the 1A diesel engine at Catawba should be adequately
operable ar,d reliable to fulfill its intended purpose, at least until the first
reactor refueling outage.(a)

(a) The phrase "until the first reactor refueling outage" is defined in -

Section 1.2 on p. 3 of this report.

(
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5.0 EVALUATION OF CATAWBA IB DIESEL ENGINE OPERATION

TEST AND INSPECTION,

The Duke Power Company report, Catawba Nuclear Station Extended Operation
Tests and Inspections of Diesel Generator, transmitted to NRC on April 5,1984,
outlined the inspections that had been performed on the IB diesel engine prior
to operation tests. The report also expressed Duke's intent to extend the 1B
engine high load operating time to at least 750 hours and to perform additional
inspections on the engine and its components following the extended operation
tests. Duke noted that the extent of the inspections to be conducted on the
IB engine would be based on the results of the Catawba 1A and othe'r TDI

emergency diesel engine inspections.

Duke Power Company has now completed its planned extended operation tests

on the IB diesel engine at Catawba. During the NRC-PNL/ Duke Power Company

meetings on July 25 and 26, 1984, Duke personnel indicated that the 1B engine
had been operated more than 750 hours, and that 80% of those hours were at
> 5800 kW. A July 17, 1984, Duke Power Company letter from G. W. Hallman to C.

( L. Ray, Jr., summarized the operating history of Catawba Unit I diesels (1A and

IB). In an earlier letter, dated July 6,1984, from H. B. Tucker to NRC, Duke
presented a proposed inspection plan for the IB engine at Catawba.

5.1 CATAWBA IB DIESEL ENGINE OPERATION

Duke established the extended operation tests to demonstrate the fatigue
resistance of the diesel engine components and to demonstrate the ability of
the Catawba engines to operate in a reliable fashion. Duke has concluded that
the 810 hours of operation on the 1A engine (50% at > 5800 kW) has served to_

! demonstrate the fatigue life capability of the engine parts; that the 1A engine

! is capable of sustained operation at high loads; and that the 1A engine has the
ability to operate continuously for periods of time that may be required in an
emergency situation.

'

|
According to Duke Power Company personnel, the 1B engine at Catawba

i recently sucessfuly completed its extended operation test, which consisted of

(
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over 750 hours of operation. Duke has concluded that the IB engine has
demonstrated its ability to operate in reliable fashion.

5.1.1 PNL Evaluation

As covered in PNL-5161, Review and Evaluation of TDI Diesel Generator
Owners' Group Program Plan, engine testing and inspections are the key elements

of the TDI Owners' Group Program for tying corrective actions together and for
verifying adequate results. Engine tests are required to demonstrate whether
or not a component or unit will meet load and service requirements without
evidence of unacceptable stress. This is particularly important in plants
seeking licensing prior to the full implementation of the Owners' Group Program

Plan.

5.1.2 PNL Conclusions

As reported in Section 4.3, PNL believes that the extended operation tests
conducted by Duke on the 1A engine at Catawba were of sufficient length and
magnitude and adequate to verify the acceptable function of components, as well
as to demonstrate the ability of components to meet load and service

l requirments under conditions that could induce high-cycle fatigue.

Likewise, in PNL's opinion, tests of a sufficient duration and intensity
have been performed on the IB diesel engine at Catawba to demonstrate its state
of component adequacy, subject to satisfactory ' inspection results. Over
750 hours of operation were involved, with nearly 80% at or over 185 psig BMEP.

5.2 CATAWBA 18 DIESEL ENGINE INSPECTIONS

Duke Power Company has developed and published in the July 6th letter
noted above their proposed inspection plan matrix for the Catawba 1B diesel

! engine. The sample size of components they plan to inspect on the 18 engine,
except for a few components, is the same as that performed on the 1A engine.

|

5.2.1 PNL Evaluation

The plans for the IB diesel engine inspection were reviewed by NRC/PNL and
|

Duke Power Company personnel at the Catawba meeting on July 25, 1984. PNL

!
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considered Duke's plans in light of published results of inspections on the 1A
engine, as,well as the results to date of the Owners' Group analyses on known

issues and DR/QR.
.

5.2.2 PNL Conclusions

In PNL's opinion, the inspection plan is adequate to determine if the key
and critical components of the IB diesel engine have met load and service

conditions without undue evidence of stress.

PNL recommends that Duke Power Company perform the following inspection in

addition to those listed in their referenced inspection plan:
'

100% disassembly of link and master rods and in situ inspection*

(visual and surface nondestructive evaluation) of the link rod
bushings. In their August 1,1984, letter to NRC, Duke has concurred
with this activity.

The inspections of the 1B diesel engine have only recently begun and the
results are, of course, not complete at this time. Hence, the unavailability
of the IB engine inspection report precludes PNL from evaluating the inspection

' findings and dispositions. After Duke Power Company has completed the
IB engine inspections, they should document the methodology, the findings, and
the actions taken. Pending successful completion of the IB engine inspection,
reassembly, and return-to-service testing, it is assumed that the Catawba 1B
diesel engine will have compiled a record that will demonstrate its operability
and reliability.

i

(
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6.0 REVIEW 0F POST-INSPECTION TEST PLAN

(
This section documents PNL's review of the post-inspect,fon tests to be

performed by Duke Power Company on the Catawba diesel engines. Elements of

Duke's proposed return-to-service tests are presented first. Next, factors and
data considered in PNL's evaluation of Duke's test plan are described. Last,
the overall conclusion reached by PNL regarding Duke's post-inspection test

plan is presented.

6.1 DUKE POWER COMPANY POST-INSPECTION TEST PLAN

Duke Power Company outlined its plans for the return-to-service testing of
the IA diesel engine in a July 6, 1984, letter to NRC (H. B. Tucker to
H. R. Denton, " Catawba Nuclear Station Docket Nos. 50-413 and 50-414"). The

planned tests included:

run-in operations in accordance with the TDI Instruction Manualo

ten modified-start (a) load tests of at least 3500 kW (i.e., 50% ofe

( nameplate rating)
e a 24-hour run consisting of 22 hours at 7000 kW and 2 hours at

7700 kW (i.e.,100% and 110% of nameplate rating, respectively)
two fast starts (a) to a peak load of 4100 kW (59% of nameplatee

rating): one start with manual turbocharger prelube, and one without
e trip device verification
e load rejection test.

During PNL's visit to the Catawba site on July 25 and 26,1984, Duke personnel
indicated that these tests could not be performed on the 1A engine before

August 1, 1984. Similar tests cannot be performed on the 1B engine until the
current inspection program is completed and the engine is reassembled.

(a) A modified start is a start including turbochargers prelube; a fast start
simulates ESF signal with the engine in ready-standby status.
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6.2 EVALUATION

f PNL evaluated the elements of Duke Power Company's post-inspection test

plan within the context of two principal items:

PNL recommendations made earlier to NRC regarding diesel engine*

preoperational testing

NRC-proposed staff actions to improve and maintain diesel generatore

reliability.

These items are described in detail in the next two paragraphs.

In June 1984, PNL recommended to NRC that preoperational test.ing be

performed on all diesel engines following their assembly, to confirm that the
engine is operable (PNL-5161). For engines such as at the Catawba Nuclear
Station Unit 1 (viz, a candidate for an operating license prior to completion
of the implementation of the Owners' Group Program Plan) PNL recommended that
this testing include the manufacturer's preoperational test recommendations as
well as the following elements, if they are not already contained in the

manufacturer's recommendations:
ten modified starts to at least 40% of " qualified" load (as defined*

in PNL-5161)
two fast starts to " qualified" loado

one 24-hour run at " qualified" load.S

PNL had also recommended to NRC (PNL-5161) that, because of the plant-specific

nature of engine installations, the owners should prepare detailed plans for
engine tests and inspections.

i During the July 1984 Catawba site visit, PNL learned of NRC Generic Letter
84-15 dated July 2, 1984, that addressed proposed staff actions to improve and
maintain diesel generator reliability. Enclosure 1 of this generic letter
states:

It is the staff's technical judgment that an overall
;

improvement in diesel engine reliability and availability
can be gained by performing diesel generator starts for ,

surveillance testing using engine prelube and other manu-
facturer recommended procedures to reduce engine stress and

The staff has also determined that the demonstrationwear.

f
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of a fast start test capability for emergency diesel genera-
f

1 tors from ambient conditions cannot be totally eliminated
because the design basis for the plant, i.e., large LOCA
coincident with loss of offsite power, requires such a
capability.

In view of the above, the staff has concluded that the
frequency of fast start tests from ambient conditions of
diesel generators should be reduced.

PNL reviewers noted that Duke's return-to-service test plan states that
all 10 modified start load tests will be performed with a prelube of the engine
and that one of the fast start tests will be conducted under prelube condi-
tions. The other of these tests will be performed with the engine in ready-

,

standby status without prelube.

PNL also notes that Duke's post-inspection return-to-service test plan
calls for a 24-hour run to nameplate rating (22 hours) and overload rating

(2 hours), as detailed in Section 6.1 above. In light of the need for
conservative operation relative to crankshaft and cylinder block conditions (as
previously discussed in Section 3 of this TER and in Section 4 of PNL-5161),
PNL concludes it would be inappropriate for Duke to further operate the Catawba(
engines above 185 psig BMEP, as long as emergency loads do not necessitate such

operation. (Refer also to Section 1 and 2.1 herein.)

PNL also recommends that, as part of the return-to-service tests, Duke

observe, record, and report pre-turbine exhaust gas inlet temperatures at
levels of 25%, 50%, 75%, and 82% of nameplate rating (i .e., at BMEPs of 56,

113,169, and 185 psig).

| 6.3 CONCLUSIONS
! Based on its review, PNL concludes that Duke's post-inspection test plan

is compatible with NRC requirements described in Section 6.2. It is the
i

opinion of PNL's consultants that TDI. engines such as those at Catawba should
not be operated above a BMEP of 185 psig except for brief periods, at least

,

until all concerns pertaining to the current crankshaft are fully resolved.
Therefore, PNL recommends t1at Duke conduct the post-inspection 24-hour runs on!

the 1A and IB engines at a qualified maximum load of 5800 kW. Finally, PNL
|

|
'

/
\
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concludes that the successful completion of Duke's return-to-service tests will/
be adequate to confirm that the 1A engine and its associated systems are*

operable.

PNL also concludes that similar return-to-service tests on the IB engine
will be adequate in scope and objective. However, any failure to meet the
obje:tives of the tests will require reconsideration of this conclusion.

.

/

l

i

i

I

i
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7.0 REVIEW 0F THE PROPOSED MAINTENANCE, INSPECTION,

' AND SURVEILLANCE PROGRAM
a

While reviewing the Owners' Group Program Plan (0GPP), PNL recognized that

a comprehensive maintenance and surveillance (M/S) program would be a key
aspect of the overall effort to assure future TDI diesel engine operability and
reliability, and so stated eventually in its formal review of the 0GPP as
published in June 1984 (PNL-5161). Recognizing that the Owners' Group Program
Plan had not yet specifically addressed M/S activities, PNL recommended that
the Owners' Group develop a definitive M/S program (in consultation with TDI),
and that detailed plans based on those Owners' Group recommendations be

developed for each engine installation by the individual owners.

Elements of such a M/S plan were initially identified by PNL in letters of
April 16 and 17,1984, to C. Berlinger at NRC (dealing specifically with
Mississippi Power & Light's Grand Gulf Nuclear Station). The features of the
enhanced M/S program suggested by PNL were subsequently incorporated by the NRC

staff in a letter to MP&L dated April 25, 1984.

A letter from H. B. Tucker of Duke Power Company to H. R. Denton, Office
of Nuclear Reactor Regulation, NRC, dated July 16, 1984, addressed " Periodic

Maintenance, Inspection and Surveillance of the Catawba 1A and IB Diesel
Engines (Catawba Nuclear Station, Docket Nos. 50-413 and 50-414)." Therein,
Mr. Tucker references the NRC staff letter of April 25, cited above, as one
basis of the Duke Power Company M/S program plan. (Other bases cited by Tucker

include an engineering evaluation of the results of the Catawba 1A diesel
engine post-extended operating test inspection and the TDI Owners' Group

recommendations.)

Duke's July 16th letter discussed NRC's comments, and indicated how Duke

plans to resolve those comments. Table 1 of the letter provided a schedule for
periodic inspection, maintenance and surveillance.

This section presents PNL's review of Duke Power Company's planned M/S
'

program. Significant features of the program are discussed, followed by
summary observations and comments.

(
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7.1 PNL EVALUATION

In Sektion 4 of PNL-5161, Review and Evaluation of TDI Diesel Generator
Owners' Group Program Plan, PNL recommended that utilities seeking licensing .

prior to completion of the Owners' Group Plan for M/S and its full implementa-
tion by the individual utilities, should provide for enhanced surveillance and
maintenance. In general, Duke's July 16th proposal has provided for this,
although their program differs somewhat from the NRC staff's April 25th
recommendations. Table 1 provides a comparison of the two approaches (NRC and

Duke), and presents a parallel listing of PNL's recommendations. Comments on
individual component plans follow.! ,

7.1.1 Cylinder Heads
'

Barring the engine over is done to detect water in the cylinder, which
would indicate a cracked cylinder head (or liner), with water not drained to

| crankcase. Any substantial water accumulation in a cylinder could lead to
severe damage to head and/or piston on engine startup and could seriously
impact engine operability. The Duke proposal is to bar-over weekly, rather
than daily, to reduce engine unavailability. PNL does not consider thisi

proposal to be adequate for assuring timely detection of water in the
cylinders.

PNL Recommendation

PNL recommends a revised schedule for barring-over, as follows:

an initial barring-over at least 4 hours (but not over 8 hours) aftere

engine shutdown

a second barring-over approximately 24 hours after shutdown*

thereafter, bar-over immediately prior to any planned engine*
,

operation.

The basis for the change from the earlier PNL recommendation (which called for
,

barring-over the engine every 24 hours) is the recognition that, if a leak of
j

substantial, detectable proportions has not occurred within the first 24 hours
of cooldown, it is unlikely that one will develop before the next engine

| operation. However, because it is still possible, although not likely, for a

(
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TABLE 1. PNL's Recommendations Concerning Duke's Proposed Maintenance / Surveil-
lance Plans for Key Components of the Catawba TDI Engines

Component
~

imC Guldance (April 25) Duke Proposal (July 16) PNL Recommendation

Cylinder Bar-over 4 hours after engine Bar-over within 4 hours after Bar-over 4 to 8 hours af ter

Heads runs and each day thereafter. engine runs and weekly there- engine runs, and again after

af ter, and prior to routine 24 hours and prior to routine

starts, starts.

Engine Block Visual'ly inspect after 24 hours Visually Inspect monthly "or Visually inspect dally during

and Base operation or monthly more often". operation, with Intensely lighted i

inspection monthly, while operating.

$ Connecting Visually inspect and retorque Check bolt preloads at first Visual surface Inspection and bolt

Rods after 24 starts, 50 hours of refueling outage (estimated preload check at 200 hours or

operation, or 6 months, which- equivalent to 25 to 50 starts 9 months, whichever is first.

over is first. and 50 to 200 hours of

operation).

1 Lube oil Check for water following pre- Check following preoperational Ched for water following preopera-

Check operational tests, then weekly tests, then monthly or after tional tests, then monthly or after

or after 24 hours of operation, 24 hours of operation, whichever 24 hours of operation, whichever is

whichever is first. Check is first. Check monthly for first. Check for chemical and
monthly for contaminants and water in sump; samlannually partloslate contamination on same

water in sump; check filters. for contaminants. Check filter schedule. Check filter pressure

pressure drop during diesel drop hourly during operation.

i operation. .

~

l
1
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TABLE 1. (contd)

Cog onent IRC Guidance ( April 25) Duke Proposal (July 16) PNL, Recommendation

Studs / Spot-check 255 monthly for Spot-check 255 at each Oteck 100% of air-start valve
Fixtures torq ue, refueling outage, capscrews and 25% of all other

items at each refueling outage.

Push Rods, Visually check after pre- Visually check at each Visually check at each refueling
Cams, Tap- operational testing and after refueling outage, outage,

pets, Etc. each 24 hours of operation.

Other M/S Standby: Standby: Standby:

00 items Lube oil filter differential Weekly Weeklyg

pressure - dally

Crankshaft deflections - hot and Once each refueling cycle; hot Once each refueIIng cycle; hot to

cold every 6 months; hot within within 4 hours of shutdown. start in 15 minutes, complete

15 minutes of shutdown. within 30 minutes.

Operations: Operations: Operations:

Exhaust temperature - continuous Continuously monitored and Continuously monitored and
(record hourly) including pre- recorded (no comment re: pre- recorded, including pre-turbine

turbine Inlet temperature. turbine exhaust inlet) exhaust inlet.

Lube oil, Jacket water, Inter- Generally per PRC guidance As per Duke proposal.

cooler temperatures, air pressure (excepting accelerometers, -

'

accelerometers - monitor con- which give no readings)
tinuously, record hourly.

.
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small leak to weep and accumulate (i.e., the water be retained by the piston
rings), it' remains prudent to check for the presence of water before any
planned start.

Duke contends that the absence of a history of cracked heads at Catawba

precludes the necessity of such precautions. Nevertheless, Duke has offered to
bar-over the engine weekly as a precaution. Because Catawba has neither
identified the " group" affiliation of its heads, nor replaced all with heads
clearly of Group III (when TDI manufacturing QA/QC reportedly was better), it
is important that these reasonable precautions be taken so as to assure engine
reliability. The desirability of doing so is further substantiated by the
recent occurrence of just such a leak, detected by barring-over, at Grand Gulf

Nuclear Station (see Section 3 re: cylinder heads).

7.1.2 Engine Block and Base

There are three primary structural components to a Vee engine: the base;
the crankcase; and the cylinder block. The history of problems in the popula-
tion of TDI engines, and relevant analyses by TDI and the Owners' Group, lead
PNL to conclude that there is insignificant likelihood of failures to occur in
the base and crankcase in external locations where they are visibly
discernible. However, there has been a substantial history of cracks on the
top of the cylinder block, some of which are visibly discernible and/or
detectable by NDE methods without head removal. The Owners' Group generic

issue report (FaAA-84-15-12) calls for careful surveillance of this surface on
certain engines at unspecified intervals. By their criteria, however, this

|

|
would not be necessary on the Catawba engines on a regular basis (until a
substantial number of additional operating hours at high load levels have

accumulated).

Duke's proposal is to conduct " visual inspections of the block and base"
(and, presumably, the crankcase) " routinely during engine operation, i.e, every
month or more often. These inspections will be directed at... verifying that
dangerous cracks are not propagating from stud holes in the block... and will
be limited to those inspections which can be performed without disassembly of

any parts." (Emphases added).

.

,

84

_

_



-,

In light of the history of block cracks and the FaAA analysis, PNL and its,

diesel consultants remain concerned that even at Catawba there remains
legitimate reason to maintain enhanced surveillance of the blocks at least
through the first opportunity for heads-off reinspection and until a more
definitive resolution of the problem is established by the Owners' Group and
Duke. Nevertheless, because of the favorable Catawba history, and in light of
FaAA's evaluation thereof, PNL concurs with Duke's plan for regular, thorough
visual monitoring, which must be done under conditions of strong lighting.

PNL Recommendation

PNL recommends routine daily inspection during operating periods, with a
more thorough inspection under strong lighting at least monthly. These should
be conducted while the engine is operating.

7.1.3 Connecting Rods

In light of the history in the TDI engine population (however limited) of
connecting rod link-rod box cracking, bolting problems (viz, some galling, some
preload relaxation, some failures), and fretting along contact areas of the
serrated teeth, some regular visual inspection and bolt retorquing (or
equivalent checking) is deemed warranted. The relevant Owners' Group known-
issue report (FaAA 84-3-14) recommends that the interval on bolt retorquing not
exceed 200 hours of operation at full load (i.e., manufacturer's rated load),
248 hours at 85% load, or 286 hours at 75% load. In making that recommendation

there was no differentiation between connecting rods having 1-1/2-inch bolts
and those with 1-7/8-inch bolts. Although the history of 1-1/2-inch bolting is
reportedly better, it apparently is not totally devoid of problems (either
experientially or analytically). Thus, even by the Owners' Group's own
analysis, it is deemed prudent to establish an enhanced surveillance plan.

Duke contends = that it has experienced no relevant problems or indications

thereof, such as fretting of the connecting rod serration teeth. However, some
surface " roughing" has been observed, the interpretation and importance of
which is viewed differently by Duke and PNL observers. Furthermore, the

'
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equivalent rods (with 1-1/2-inch bolting) at Comanche Peak evidenced apparent
fretting somewhat more pronounced, to PNL's observers, than that observed at

Catawba.

There is some uncertainty, also, on the required amount of ' tooth' contact
area to be expected in a proper fit, and just how the lapping and ' bluing' is
to be properly achieved. (' Bluing' is a process of using a thin surface
coating of a chemical which, when pressed or rubbed against a mating surface,

will be removed where contact is achieved.)

In light of these points, PNL recommends a degree of surveillance somewhat
more conservative than that proposed by Duke (viz, at the first refueling
outage, generally expected to be at 18 months of operation and, by Duke':; own
estimate, involving up to 50 starts and 200 hours of operation).

PNL Recommendation

PNL recommends visual surface inspection and bolt preload check at

200 hours of operation or 9 months, whichever occurs first.

This should conservatively address the Final Safety Analysis Raport load
levels (for LOOP or LOCA events) for Catawba's units, as well as all pre-
operational testing following engine reassembly, and the possible impacts of
low-cycle fatigue associated with a multitude of starts. At the same time,
this revised pattern will reduce the cumulative downtime required, thereby
enhancing engine availability.

7.1.4 Lube Oil Checks

These checks serve two main functions:

They reveal any water in the oil, indicative of cracks in water-a

bounded components or leakage past lower liner seals. Such water can
lead to lubrication f ailures, with potential major damage.

They reveal abnormal wear of bearings and related engine parts.*

It is important to collect and analyze samples with sufficient frequency
that adverse conditions are detected early enough to avoid either engine damage
or engine outage (and possibly consequential reactor shutdown). Upon further

.

consideration of likely operating patterns at Catawba, PNL and its consultants

k
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agree that weekly sampling is not warran+.ed. However, PNL does not believe
that Duke'~s proposed 6-month intervals between contaminant analyses is frequent

enough to avoid possible problems. .

PNL Recommendation

PNL recommends the following pattern:

Check for water contamination after preoperational testing and theno

monthly, or after 24 hours of operation, whichever comes first;
collect the sample from the bottom of the sump tank, preferably about
4 hours after engine shutdown, at the time of the engine bar ,over.

Check for chemical and particulate contamination and imbalance near*

the close of preoperational testing and then monthly or after
24 hours of operation, whichever comes first; collect the sample
while the engine is running, immediately prior to shutdown.

Check differential pressure across all filters and strainers hourlyo

during engine operation.

! 7.1.5 Studs and Fixtures

Loss of preload on cylinder head studs, rocker arm capscrews, and air-
start valve capscrews can adversely affect engine operability if it goes
unnoticed. The generally positive experience at Catawba in this regard~

warrants a less rigorous schedule of checking, which, as proposed by Duke, will
,

reduce engine downtime while head covers are off.i
J

PNL Recommendation

PNL concurs with Duke's proposal for a 25%-sample check of head stud and

rocker arm capscrew preload at each reactor refueling outage. Howev'er, because
the air-start valve capscrews are more susceptible to relaxation (due to the
associated soft metal gaskets), PNL recommends these be checked 100% at the

same frequency. (One consequence of the loss of capscrew preloa'd may be loss

of cylinder compression; another will be " torching" of the passage permitted by
a " loose" valve with consequential irreparable damage to the head, and with

,

potential risk to operating personnel from high velocity, unnoticeable hot
gases.)

(
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( 7.1.6 Push Rods, Cams, Etc.
'

Engine operability is affected by defects in push rods, cams, tappets, and
other similar components and their supporting structures. Some of these
components at Catawba have suffered damage. Hence, regular visual inspection
is needed, although few operating hours are anticipated. The difference
between the NRC guidance (after 24 hours of operation) and the Duke proposal
(at the first refueling outage, estimated by Duke to involve 50 to 200 hours of
operation) is not considered significant in light of the low wear rate or
limited likelihood of structural failure for these components, bccause all
parts will have been inspected recently, and because, in the opinion of the PNL
consultants, very little change in the condition of these parts is expected
during the 50- to 200-hour operating time involved in the Duke proposal.

PNL Recommendation

PNL considers the Duke proposal acceptable.

7.1.7 Lube Oil Pressure Drop

I The NRC guidance called for the pressure drop across the filters to be
checked daily, during engine standby, and hourly during operation. Duke ;

contends that during standby there is little opportunity for contaminants to
develop so as to plug the filters, and that only low, keep-warm flow is
involved so that a significant pressure drop is not likely. Although this view
is relatively valid, it does not reflect two factors:

Entrained water will tend to plug some filter media (or weaken*

others), and so would gradually change pressure dropi. -

,

'

The continuous keep-warm flow through the filters will (purposefully)o
^

continually " polish" the oil, with gradual buildup of contaminants in
| the media; the material scavenged out thereby itself helps filter

even finer particles as time continues.

Thus, it remains valid to monitor oil filter pressure drops during standby.
However, the difference between a daily check (per NRC guidance) and a weekly
check (as proposed by Duke) is not deemed significant; the latter is considered
acceptable.

88
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PNL Recommendation
'

PNL recommends a weekly check of oil filter pressure drop during

standby. The hourly check during sustained engine operation remains important,
for comparable reasons.

7.1.8 Crankshaft Deflection Checks

Three purposes are accomplished in crankshaft deflection checks:
detection of changes in shaft configuration, such as a developing crack in*

a web or journal

detection of gradual shifts in shaft support internal to the , enginee

(most likely being significant bearing deterioration)

detection of changes in external engine support, as in the concretee

foundation, or a shift of shims between the foundation rails and the

engine base plate. (The foundation will indeed change shape with

prolonged engine operation, tending to hump toward the middle due to
thermal growth, which must be reflected in appropriately shimming the

' engine. It may also undergo long-term permanent change as chemical
j

processes continue within the concrete.)

The NRC guidance was for checks each 6 months, the hot-deflection check

being completed within 15 minutes of engine shutdown. Duke has counterproposed
a check at each refueling outage, to be completed within 4 hours of engine
shutdown. Such an interval would increase total engine availability, of

Course.
.

PNL Recommendations

i Reflecting all considerations, PNL recommends the following pattern:

Take hot and cold deflection readings at every refueling outage (as*
|

!. proposed by Duke). PNL's consultants deem it unlikely that the
|- expected hours and character of operation in the longer period will-

raise the risks significantly.
,

|

|

|
|

|
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The hot deflection checks should be taken immediately after the3

( 24-hour preoperational testing, so as to reflect representative
operational foundation temperatures.

The hot checks should be initiated within 15 to 20 minutes aftere

shutdown, and completed as rapidly as possible, preferably within
1/2 hour, and starting with the last throw of the engine (generator
end). Such a schedule, although strenuous, is deemed achievable.

7.1.9 Monitorina Exhaust Temperatures

NRC's guidance was for continuous monitoring and hourly recording of
engine exhaust temperatures, including pre-turbine temperatures. Duke has
proposed continuous recording, but with no mention of pre-turbine (inlet)
temperatures. [However, in an August 1, 1984, letter to NRC following onsite
discussions on July 26, 1984, Duke has agreed to make provision for pre-turbine

temperature checks in addition to cylinder exhaust temperature and turbine
outlet (stack) temperature, as is already being done.]

PNL's consultants deem it very desirable to monitor the turbine inlet
f temperature for these reasons:

Monitoring would avoid the possibility of such temperatures exceeding the*

limits set by the turbocharger manufacturer.

It is possible.for the " average" temperature thereat to exceed theo

" average" temperature measured at the individual cylinder outlet (the

i
latter reflects a time-averaged combination of true exhaust
temperature and a much lesser quantity of cooler " scavenging air"
that occurs during valve overlap in the exhaust / intake strokes).
This higher actual turbine inlet temperature results from three
possible conditions: 1) the pulse of hot exhaust and the subsequent,

lesser pulse of cool air may not mix, even though two cylinders are
I involved with each manifold; 2) exothermic chemical reactions tend to

continue after the cylinder exhausts, even with proper firing timing;'

and 3) any inappropriate timing of fuel injection can lead to
continuing flame propagation during exhaust.

*
,
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Plots of pre-turbine temperatures for such engines as at Catawba show*

( that,aat full load and overload (i.e., the TDI rating of 7000 and
7700 kW, respectively), the temperatures of even properly-timed
engines can approach 1200*F (the reported upper limit allowed by the
turbocharger manufacturer).

While vanes have not been found missing on the Catawba turbochargers,*

they have been noted elsewhere on similar nuclear engines. Because
the mechanism of the vanes' disappearances has not been identified
with certainty, it is important to avoid influences toward thermally-
induced failures. ,

PNL Recommendation

PNL recommends continuous monitoring and hourly recording of turbine inlet

exhaust gas temperatures.

7.1.10 Surveillance of Operating Parameters

Surveillance of a number of key engine operating parameters is essential

to assuring reliable engine performance. The initial NRC guidance and the Duke
[

proposed surveillance generally are quite similar.

PNL Recommendation

The Duke proposals are deemed acceptable, with the clarification that
engine lube oil and jacket water temperatures continuously recorded should be
discharge temperatures, and that the inlet temperatures should also be
monitored, with hourly recording.

7.1.11 Other Inspection and Surveillance
| In its letter of July 16, 1984, Duke includes Table 1, which lists its!

proposed " Periodic Inspection, Maintenance and Surveillance Schedule". In

general, it reflects sound and acceptable patterns. However, to incorporate
the recommendations herein above, some will need to be modified in the final

Duke plan. This includes several components that are categorized as needing
surveillance or maintenance only every 10 years. PNL does not deem this to be
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( an acceptable frequency for these, considering the nature of the component, the
overall TDI-owner history of problems and indications, and the analyses (to

date) of known issues.

PNL Recommendation

Until DR/QR resolution is achieved on all these items and/or until further
i

field experience justifies a longer interval such as Duke proposes, PNL
comments and recommends sampling inspections as follows:

Part No. Part Name Remarks /PNi. Recommendations

02-305D Main bearing caps Disassemble two caps and visually
inspect at first refueling

02-310B Crankshaft Visual and RT of two highly loaded
bearing sets at first refueling

bearing shells

02-340B Connecting rod Dimensional, visual, and RT of
bearing shells bearing shells at first refueling

02-341A Pistons Disassemble four pistons and inspect
( visually and with magnetic particle

detection at first refueling

02-360A Cylinder heads Remove four heads and inspect visually
and with liquid penetrant at first
refueling

02-390A,B Rocker arms Visually inspect rockers and supports
02-362A Rocker box monthly and check capscrew preloads on

assemblies four heads at first refueling.

02-315A Cylinder block Inspect top surface visually monthly in
accessible areas. Remove four heads
and inspect areas at liner landings
and head studs visually and with liquid
penetrant at first refueling.

02-315C Cylinder liner Inspect liner surfaces, four cylinders,
for surface scuffing or scratching and
other signs of lubrication problems
at first refueling. .

I
\
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[
Assuming the turbocharger prelube system as finally developed is deemed ade-
quate by NRC, the 5-year inspection plan proposed by Duke is acceptable.
Otherwise, at least one turbocharger per engine should be inspected at the
first refueling outage.

7.2 PNL CONCLUSIONS

PNL concludes that the Duke proposed M/S activities need some modification

to provide adequate assurance of engine reliability / operability. Those recom-
mendations, with supporting rationale, are fully delineated above. With those
modifications, the Duke proposed M/S program is considered acceptable through
the first refueling cycle. As the 0GPP and related M/S activities become fully
developed and accepted by NRC, it may be appropriate for Duke to modify their
plan still further.

.

|

|

(
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8.0 OVERALL CONCLUSIONS

(
'

8.1 GENERAL CONCLUSION

In general, PNL and its consultants conclude that the two TDI OSRV-16-4 '
diesel engines in Catawba Nuclear Station Unit 1 will have the needed
operability and reliability to fulfill their intended emergency power function,
at least to the time of the first reactor refueling outage.

This conclusion is predicated upon the known results of the completed
extended operational tests and subsequent inspections on the 1A engine, and

upon the premise that test and inspection results on the IB engine will prove
that it is comparable to the 1A engine. It also reflects PNL's cu'rrent

knowledge and evaluation of the ongoing Owners' Group investigation on
specific, generic component issues. Further, it is necessarily contingent upon
satisfactory completion of all actions recommended in this TER and upon final
reassembly of both engines with satisfactory return-to-service test results, as
well as on the assumption that the Catawba-specific DR/QR investigations will
further confirm operability and reliability of key components.

i

8.2 LONG-TERM APPLICABILITY

In Section 1.2 of this TER, PNL expressed its opinion and rationale that
it cannot responsibly reach unconstrained conclusions on the operability and
reliability of the Catawba 1A and 18 standby engines. Hence, throughout this
report, PNL has expressed its conclusions in such terms as "until the first
reactor refueling outage". These conclusions have been predicated upon all
evidence available to PNL, including preliminary elements of the OGPP and the
Duke DR/QR analyses as applicable to these specific engines. As these analyses
are completed and appropriately implemented, and as operational results on

j
| these engines (under enhanced surveillance and maintenance) and on others in

the general population of equivalent TDI engines are accumulated, it may then
be possible to draw unconstrained, long-term conclusions. Until that time,
however, the suggested time constraint is deemed essential.

94

L

:
.-_.. - , - , _ - - - - , .



!

!

IIt is not PNL's intent, however, in expressing this constraint to infer
( any inherent unreliability or inoperability of these engines, either

specifically at Catawba or in general nuclear standby service.

8.3 KEY CONSIDERATIONS

The conclusion stated in Section 8.1 reflects PNL's careful evaluation of
all known considerations. Specific considerations have been addressed in
Sections 3 through 7 of this TER and reference should be made thereto for PNL's

component-specific conclusions and recommendations.

Certain key considerations warrant emphasis, however. .

Should remaining inspections, return-to-service testing, or DR/QR*

ana' lyses at Catawba or functional occurrences in other plants, reveal
adverse conditions or results not currently expected, modification of

this general conclusion may be warranted.

The conclusion presumes that relevant emergency loads will not*

require the Catawba engines to operate under other than momentary
b loads exceeding 185 psig BMEP.

Duke must implement and rigorously control a plan of regularly3

barring-over the engines to check for cylinder head water leaks.

An improved, successful turbocharger prelubrication system must be*

devised and installed.

An improved right-bank turboch'arger-to-intercooler connection must be*

devised and installed.

Duke must appropriately revise its surveillance and maintenance*

program to achieve the objectives set out in Section 7 of this TER.

.
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K. S. Canady -

'. d. -i;aa|= . . '~ - - '
-

']
Attention: -R. O. Sharpe ' 3fs'Av,

-, .

Subject: Catawba Nuclear Station S ,T } ''
/
'~IE Information Notice 80-08

States Sliding Link' Terminal Block
File: CN1412.ll-1; EGS N-14.01

in response to your 3/17/80 letter to B. M. Rice, we have reviewed the
subject notice relative to Catawba. It has been determined that there
have been a small percentage of defective links found at Catawba, but
there have been no incidents of a defective link causing degradation
or failure of an ciectrical circuit.

.

All Duke Nuclear Stations will be requested to inspect States sliding
link blocks upon installation and each tire a link is operated. The
stations will also be- requested to notify Design Engineering of any
performance problems and to replace defective links as they are
i den t i fied.

If clarification is required, please contact re.

C. J. \lylie

Chief Engineer, Electrical Division

a
,i

G. T. Lamb b

Technical Specialist

GTL/nt

cc: D. G. Owen
L. E. Suther
R. T. Amos

U

(
.
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March 17, 1980

C. J. Wylie
Design Engiheering

Attenticn: 3. M. Rice

Subject: Catauba Nuclear Station
IE Information Notice 80-08

Attact.ed is a March 7, 1980 letter from Mr. J. P. O'Reilly, NRC/0IE,
*

which tr.2..a_its IE Infor:2 tion Notice 80-08. This infor:ation
notice concerns sliding link electrical ter inal blocks.

No written response to the NRC is required. Please advise of any

,
action taken in regards to this notice.

K. S. Cansdy, Manager
Project Coordination and Licensing

'*
i

By: R. O. Sharp

ROS:vr
Attachment

cc: W. H. Rasin
S. K. Blackley
S. B. F.ager
C. J. Wylie
J. V. Cox
C. A. Graybeal
R. A. Margan
Section File CN 801.01, 815.06, 802.15

.

Master File CN S01.01, 815.06, 802.15
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( kReplyReferTo:
MAR 0 71980 ~ ' . .

'dh E7.T-
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RII:JPO .'
50-369, 50-370 'U E 1 i Lca,

~

50-269, 50-270 !
50-287, 50-413 n..,.

e.~ r.., -

3
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.

-
.

'' uke Fe.cer Cc=pany -

,,
Atta: V. O. Parker, Jr.

Vice President, Sters Production
P. O. Box 2178
Charlotte, North Carolina 28242

.

Centlemen:

This Infc mation Notice is provided as notification of a potentially

significant natter. It is expected that recipients vill reviev the infor-

nation for pessible applicability to their facilifies. No specific action

or respense is requested at this ti=e. If further NRC evaluations indicate

the need, an IE Circular or Bulletin vill be issued to request specific

licensee actiens. If you have questions regarding this =atter, please con-

tact the Director of the appropriate NRC Regional Office.

Sincerely,

g Ja:es P. O'Reilly
Director

Enclosures:
1. IE Infor=ation Notice

No. 80-08 w/its Enclosure
2. List of Recently Issued

IE Infor:ation Notices
.
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SSINS: 6S70
UNITED STATES Accession No.:. . _ _.

NUCLEAR REGULATORY CC.1MISSICN 7912190689
,

{
'

0FFICE OF INSPECTION AND ENFORCEMENT ..
'

WASHINGTON, D.C. 20555

March 7, 1980

IE Information Notice No. 80-08

THE STATES CCMPANY SLIDLNG LINK ELECTRICAL TERMINAL BLOCK

Description of Circu= stances: *

On July 19, 1979, the Censumers Power Co=pany notified the Nuclear Regulatory
Ces:ission of a defect found in the sliding link electrical ter=in,a1 block
m nufactured by the States Cc=pany, a subsidiary of Multi Amp Corp. The
defective ter=inal blocks were found at the Midland plant. .

The cennection between the two slotted bars on the terminal block is made by a
U-:haped sliding link and spacer located between the two bars. The top of the
U-shaped link and the spacer are drilled and the bottem of the link is -

threaded to accept a 8-32 screw. When the screw is tightened it binds the
link, spacer and bar together to make electrical connection. Loosening the
screw and sliding the link frem between the bars breaks the cennection. The
purpose of the link is to provide easy insertion of test instruments, etc.
into the circuit.

The defect, which has been identified in 5% of the terminal blocks checked,
occurs in the form of a crack between the threaded screwhole and the side ofthe U-shaped link. When the screw is tightened the crack widens and a poor or
intermittent electrical ccnnection can result. A defective link is impossible
to cinch tightly in place and is difficult to detect visually.

Inclosure I shows the States Co:pany terminal' block. The defect, a crack in
the bottom portion of the metal U-shaped link, is displayed in the exploded
view of the tenninal block assembly. These ' terminal blocks are widely used in
the nuclear industry and =ay be used as per=anent installations in safety
related systems. The defective mechanical cecnectica can cause an electricalcircuit malfunction.

This Information Notice is provided to inform licensees of a potentially
j significant catter. It is expected that recipients will review the informa-

tion for applicability to their facilities. No written response to this IE
Infor:ation Notice is required. Hewever, the reporting requirements as set
forth in the regulations nust be met. If you require additional information
regarding this catter, contact the Director of the apprepriate NRC Regional
Office.

l

Enclosure:
[ Graphic Display of Terminal '

. ( Block
l

l

!
.
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Duke P ter Co pany' -2-,
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( - cc w/ encl:
J. W. Hr. ptoo, Station Manager -

Post Office Bex 392
Clover, South Carolina 29710 -

D. G. Beam, Project Mz:2ger
i Post Office Box 223

Clever, Scuth Carolina 29710

M. D. McIntesh, Plant Mzc2ger
Fort Office 3cx 488
Cornelius , North Ca rolina 23031

J. C. Rogers, Project Manager
.

Fost Office Ecx 33189 -

Cha rlotte, North Caroli::a 28242

J. E. Scith, Statica Menager
Fest Office Ecx 1175

*
Seneca, S uth Carolina 29678
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IE Infernation Notice 80-08 Enclosure
March 7, 1980e

.' ..

RECENTLY ISSUED

'.
~ ~ ~~

IE INFORMATION NOTICES

( Subject Date Issued ToInfor:ation "

a

Notice No. Issued

80-08 The States Company Sliding 3/07/80 All holders of an OL or
Link Electrical Ter=inal Block a CP

S0-07 Purp Shaft Fatigue Cracking 2/29/80 All Light Water Reactor
Facilities holder power

- reactor OLs and cps

80-06 Netification of Significant 2/27/80 All holders of Reactor
Events OLs and to near term

OL applicants *

80-05 Chloride Contacination 2/8/80 All licensees of nuclear
of Safety Related Piping power reactor facilities

and applicants and
,

holders of nuclear pcwer
reac;or cps

80-04 ?WR Fuel Exposure in 2/4/80 All BWR's holding a
Excess of Limits pcwer reactor OL or CP

S0-03 Main Turbine Electro- 1/31/30 All holders of power
Hydraulic Centrol System reactor OLs and cps

80-02 8XSR Vater Rod Lower 1/25/80 All BWR Facilities
End Plug Vear holder power reactor

OLs or cps

80-01 Fuel Handling Events 1/4/80 All holders of power
reactor OLs and cpse

79-37 Cracking in Lcw Pressure 12/28/79 All pcwer reactor Ols
Turbine Discs and CFs

79-36 Cc=puter Code Defect in 12/31/79 All power reactor OLs
Stress Analysis of Piping and cps

Elbow ,

79-35 Centrol of Maintenance 12/31/79 All power reactor facilities
and Essential Equipment with an OL or CP

79-34 Inadequate Design of 12/27/79 All holders of power reactor
Safety-Related Heat OLs and cps
Exchangers

,

-
o
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PA07702
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TW510? ASH TEST OF DREROY DIESEL GENERATOR IA

AT CATAk?A IUCLEM P0dR STATION

.

i

.

Frspared by

Failure Matysis Associates

.

(
-!

Prephred for
Duke F:ver Coc.pany

422 50uth Church Street
Charlotte, tC 23242

Fdy 29. 1984
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1.0 liUR0iOCIIC4

The purpose of the torsic;raph test of the e ergency diesel 5enerator
was to ceasure the ar. gular displace . nts of the for.ard end of the crank-+

then used in conjunction with a dyramic
shaft. These displacements were
tcrsic.al analysis of the crankshaft to essess the naxirm stresses in then

crankshaft.

2.0 lir5 M ENTAT10M

The instrumentation ger.erally consisted of an HEM Tersiograph, Signal

C:r.sitioner, Data Tape F.ecorder, Frequency Araly:er, Oscilloscope, Haitimeter,
and assorted intercer.ne: ting cables. The specific instreentation used is

sha in Table 2,1. .

3.0 .tdCE M E

The torsiograpn, which was attached to the frent end of the cranishaft
( was used to measurethrcugh an adapter plate supplied by the Cataaba plint,

angular displacements of t'a crar.kshaft relative to its rian rotational
secad. The angular displace ent signal from the sig:ai conditioner was recor-
ded en ragnetic tape for further analysis to determine angular displacement

cc ponents fer each order. Tests wtre condacted at several speeds under nc-

load conditicas, and at several loads at operating speed. The spectrum anaty-

aer as used to verify data integrity by determinir.g har-enic corponents for

each test condition.

The test was carried out in the follo dng four sta;es:

1. Calibr tion and irstru entation run-in.
2. Variecle speed tests at O'. load.

3. Variable lead tests at rated speed.

4 Post test calibration,

e -

\

1

.
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C lihatfcn end Instrutentetion IF4n-in3.1

The torsiograph was nounted on the front end of the crankshaf t using a

rigid adapter plate. The tersiograph .es connected to the s<gnal cc,ditioner

ar.d the signal cenditioner to the instru, entation recorder with the designatedt

cables. The signal conditicner ws also connected to the spectrum analyzer
and cscilloscope to c.cnitor the torsiegraph signals.

The following steps -ere ccepleted to calibrate the ins t rue.enta ti on
Lefera and after testing:

'

1. The recordir.g equipnent and cabling was calibrated by introducing a

kneen signal into the signal conditiener connectica and recording the signal.

2. The calibretion signal ws verified by playing back the calibration

ts:Ording.

A field calibration of the torsiograph es ccepleted follcwing the3. ,

renafecturer's instructions [1]. The field calibration signal was recorded.
(

4. The field calibration signal was played back for verification.

After the calibration procedure was completed, the diesel engine was

operated at no load for approxinately ten eninutes while data was re:orded.
The engine was then shut down while the recceded data was exanined to verify
the instrumentation and recording systen operation.

The test doc'aentation infcreation in Table 3.1 *ss ic;ged.

3.2 Y.'.riable Speed. 0% trad Tests

The engine es operated for five r.inutes at rated speed and no lead.
The spt-ed vas then adjusted using the mechanical governor to operate at speeds
bet een 410 and 470 rpm. ine engine ns o;srated at each speed for five to

ten minutes while the torstograph output was recorded. The output speeds and

tape footage were reccrded (Table 3.2).
.

2
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-- 3.3 Y.ric$la Leid, 0,nreting Spnd Tests

The engine was becught to operating speed. The load was adjusted

settessively to operate at the following Iced conditions for five to ten
ninutes: E CT , 755, 1001, and 1101. The load, current, speed, and tape

f:ctage wra recorded (Teble 3.3). .
.

3.4 Mt Tut :t.ta Y rification crd calibratico

521ccted data records were played back to verify proper treasurenent and

recording. Tne calibraticn procedure outlined above was re,.cated and the

sig7ais recorded.

4.0 s?.FJi.T S .

4.1 Calibrttica D;ta

U.e pre :r.d pcst test static calibration data are shevn in Tables 4.1
and A.2. The torstegraph sensitivity was calculated as folicws:

Output,V) A p. One g Teac Ran;e)
Teac

Setting S*ltIU9 Y/Yyjy 10V

Tcrsicgraph 52nsitivity, degree " Input, degrees

Tnus, from Table 4.1 for Char,nel 1,

50

Torsic;rapa Stasitivity - (1.180) (IO (5)- 4.917 degree ! .21
r.V/V
- - -

6

and far Char.rel 2,

50

Torsiograph Sensitivity - (1.170 (51 , 4,913 v
ee * .21e

( The sensitivities for tha post test calibration were foand to be 4.921 ar.d

3
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_yIy for char.. sis I and 2, respectively.
' ~

n
4.g04 ;ceg.-ee-/

\
Jitiplitstion facters used in data reduction -era calculated as'

Tne r:

follo.s:

Anp* Rana /V)(RangeSensitivity,V/V}E.V Tape Deck
(TapeCeck*)(Setting, g.

Vibration 0 t, VA
,. siograph!:yiitude ior

(degrees-;k) (Sensitivity,EU
degree

10 TV/V
P.ere 1.mp. Range Settic.9 = TO Ypk

.

Tape 00:k ~.tn;e Setting = 2 V/V

Tnus, for time 6 tin r:sp:-se .

I. pet, degrees-pk = (Output, Vpk) (0.407 degrees-pk),

{ ard icr fre;gency domain respcase

Inpat, degrees-pk = (Output, VMS) (0.575 deg rees -Dk_)
y,0.5

4.2 Yariable Sp:.ad, D-Lud ILta

The variabic speed test ws performed to determine the frequency of the
first .'?de of the crar.kshaft t or sicr.41 sys W . The results of this test are

The speeds shan in this table are those calculated from;

she n in Table 4.3.
of the 4th order and cif fer slightly fr:o those sh:wn inthe frequency

Figure 4.1 shows that the 4th order critical speed is reached atable 3.2. This is in good
Thus, the first natural frequency is 28.5 Hz.about 429 rpm, ] T. e

with the Holzer calculation of 28.8 liz r.!de by Delaval (2 .agree ant
damping was estabitsbed to be approxinately 1.3%.

( MS (as in spectral plots) cultiply by /2.
' '

For cutput in V*
:

4

L
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The cmplitude cf ncainal shear stress ray be estir.ated from the amp 11-
tude of free-end vibration by assuming that the shaft is vibrating in its
first cde. Under these ccrditions, tbs nominal shear stress in the nu.t.5er 8

crenkpin journal and the nw ber 9 main fournal is 8452 psi per degree of free-

and vibration [2]. Thus, the raxicum amplitude of nominal shear stress during

tha variable speed test m'as 4549 psi.

4.3 Ytriable Load 1+a

The variable lead test at rated speed %zs perforNd to determine the
a plitude of vibration and estinste the uninal shear stress- as a functicn of
lead. The rtsults cf this test are sherm in Table 4.d. Figure 4.2 she+s the

Thea piitude of vibration increases with icad to a maxicum of 0.60 degrees.
figure also shevs the resperse of the other cujor orders. While the 1,1/2,

/2 order respc.ses increase with increasing iced, the 4th crder2 1/2, and 3 1
respcr.se has in increase foll:.ad by a decrease, so that the respcnse of this
order is approximstely the saw at full Icad as it is at no lead.

(. The a.;plitude of nr.ir.a1 shear stress .ey ta estimated from the ampli-
tede of free-end vibration by assa .f ng that tha shaft is vibrating in its
first rede. Under these conditicas, the nominal shear stress in the nunber 8

crankpin journal and the ntrter 9 main journal is 8452 psi par degree of free-

end vibration [2]. Thus, the a. plitude of nominsi shear stress at full lead

and evericed are as follows:

Full (. cad 0,cricad OEMA [3]

7000 kW 7800 kW allerable

Single order (31/2) 2079 psi 2172 psi 5000 psi

Combined response 49S7 psi 5071 psi 7000 psi

(

5
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( 5.0 CT.'10SIMS"
'

Tr.e following conclusions are made:
of the tersional system is approximatelynatural frequencye the first

and is in good agreement with c.41aval Holzer calculations [2),28. 5 'r:: ,
DEMA's [3] allevables for both single order and,

the stresses are belege

cc:51..ed esspense at full lead ar.d 110% iord.
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160.03-1.0-1.0e.
E[H Operating P'anual for Rotary Vibration Transducer,

1.
'o!!nd, "forsicnal and lateral Critical 5;:es d,

Engine Nu.thers

Celaval-Enterprise Engine Fcdel SSRV-15-4, 7000 kW/9770 SHP atEr.gic.e a Ccipressor Division, Oakland, Califorr.f a,2. Yang,
75017/20
450 F.PM," Delaval
Oct: tar 22, 1975.

Standerd Practices for Lcv and Mdium 5:esd 5tetienery Diesel and Ms~rangf ecturers Asscciation, 6tn ed. ,1977.3.
{{g) 3 Diesal E.ngine

.
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__ Table 2.1: EqJIFF3T LIST
.

Model Serial FaAA

ID No._igafpnent No, No . _ _

Equipment Description _
&nufacturer 597 n/a

50 5Rotary Vibration
H5M Transducer

XWS 73.DB 79372 n/a
3G2 Carrier

HBM Fre:uency M p,
11H04 01459,

M?.-30
Cassette Cata

Teac FtCerder
59-11576 01:41

3020Mep/ Function
51K Frecisicn G:csrator

1543P 11400731 01440

Duel Trace @:ir
ELK Fracisicn Oscillosccpe

LO3?E23
-

3532A
Dual Channel

b latt Feckard Fri Analyzer
n/a

n/a n/a
cable (connect

53M
/ transducer toarpitfier)

n/a r./a
n/a

cable (connect
n/a analifier to

tapedeck)
n/a n/a n/a

cable (connect
c/a taps deck monitor

to Spectrum analyzer
or oscilloscope)

E295135 n/a
D50A

01sital tt:ltfriterTh k e

k

8
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Table 3.1: TOUIO?l#H TEST KCF.IMTATIOW'

(
Date: 4/3/84

Job & ma: Duke Fowar

Jcb L.her: PAD 7702-

Lecation: Catt te Fcver Station
Duke Power Co.

Engir.e Description:
E03 1A

Transanarice Dalaval Inc. ~
i

0SM'-16 4

Serial . . 2752.750189

ee.ncra:Or C:scription:
-

Synchr: nous EP G.r.erator. crtes. Inc.
;

7000 kW

Scrial W. 17503519-200

l
5:tes: Tape 10 No. 001

Test ?arsonnel:
Steve Kisss Fe u

Paul Johnston FaAA

Rae X:Elwee Duke Pow r

Dennis Ivey QA.Dake Pewer

(

9
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TU2510CWii VMIARE SPEED TEST
' - -

Table 3.2:
-

Date: 4/3/84
Test Personnel: Steve Riess. FaAA

Faul Johnston, Fs AA

Der.nis hey, QA.%ke Fewar
'

F.te K-Ehee, Nia FcWer

Test S:+ad (UC*
Tape I.D._ Tape Fcotage

Duke Fever 1031 }32-159.

450 (test-system check)
159-184

1001450 451 154-209
t001440 209-235
1001435 235-259.*
(COI430 259 232
1001425 282-334
#001

,

A20 304-326
( 407 f001

325-343
1001

16 0
348-371

#001470

i.

i

AH speeds ceternired by strebescope synchronized with ,-ark en E03
!

*

fly. heel.
:

10
I

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ _____ __. _ _ _ _ __ . _ _ . - _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - - - _ _ _ _
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Table 3,3: TDESICG5).?ti VMIABLE LCAD TIST
,

Test Personnel: Steve Riess, FaAA Date: 4/3/84

Paul Johnston, Fa AA

Rae H:Elvae, Date Fe=er
,

Ctanis Ivey, CA-Duke 7:ver

Test Speed: 4E0 rp.m

Lead _JKw)
Curre,t ( A 7) Tape I.D. Tape Footage

3400(50%) 490 Duke Fe.er fool 371-395

5200(75%) 750 f001 395 419
,

7000(1005) 1010 #001 419-441

7800 (110%) 1110 1001 cl.:54 ,

(
'

:

,

!

x

>
.

11
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Table 4.1: PRE TEST STATIC C/115?.ATION,

{
-

. Output Teec knet Setting E:X Sig.at Cond. Setting
Yelte(Yde)(Y/V) WaYStatic

Input
J g ren ) Ch. 1* Ch . 2* Ch. I Ch. 2 10

__ M

43 555 .597 5 5 50 5

-3 .596 .592 5 5 50 5

+3 .554 .587 5 5 50 5

0 .C04 009 5 5 50 5

.

Tcble 4.2: P3ST TEST STATIC CALIBRATION
.

Tec k.ap Setting C1 Sign.1 Cond. Setting
Str. tic Yelt ;2 Ntyst r,Y V lig(Y/V}in, ;t (Ydc) h. 2* Ch. 1_ Ch. 2C

_ DV~
.

(
Jy13mg Q1 1*

43 .587 529 5 5 50 5

-3 .594 . 558 5 5 50 5

+3 .585 .589 5 5 50 5

0 .007 003 5 5 50 5

,

s

* 1 .002 Vdc
12

. - . . - ,. -
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Table 4.3: VMI/SLE SPEED F5SPC~SE CJ D3 2A
{

F.71tud2 of fres-of_ vit> etion (r.illid.w,rc-:s) fec give geed (r;m)
_

1

ONar 205 413 42 429 432 44 0 452 150 471

0.5 28 22 14 27 25 14 16 16 24

1.0 7 9 7 5 7 6 7 6 B

1.5 al 41 40 40 40 41 41 42 43

2. 0 5 5 6 8 9 10 12 12 ~4

2.5 57 58 53 50 50 61 54 55 fS

3.0 1 1 1 1 1 1 2 ~ 3 4

3.5 40 44 47 51 54 61 77 95 141

4. 0 76 110 235 410 375 171 90 66 51

4.5 L3 32 26 24 22 19 15 13 . 11

5.0 2 1 2 2 3 2 2 1 1

5.5 9 8 7 7 5 5 5 5 5

5.0 5 6 8 11 10 4 3 3 3

(

Tctal 210 250 400 550 470 310 250 2/0 280

_ _ . _ ___

r

9

(

13

.. - _ _ . .. .
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f Table 4.4: Yul/3LE LO'.D ESM5E OF DG 1A

Aglitude of frte-cod vibration (utilidegrees) for sinn load (kv)
Cet:;r 0 3400 5?00 7C00 7800

0.5 16 49 67 49 55

1.0 7 7 6 6 4

1.5 41 102 140 178 195

2.0 12 8 5 4 3

2.5 64 134 153 231 , 246

3.0 2 3 3 3 4

3.5 77 146 201 246 257

4.0 90 141 143 69 95

4.5 15 29 43 55 55

5.0 2 2 2 2 3

5.5 5 9 13 15 15

6.0 3 7 10 11 12

(

Total 250 410 520 590 600

l
I

(

| 14
'
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UNITED STATES* .o

[* #[,h NUCLE AR REGULATORY COMMISSION
WASHINGTON. D. C. 20555; .g f

( {' / July 2, 1984 .
,

....

TO ALL LICENSEES OF OPERATING REACTORS, APPLICANTS FOR AN OPERATING
LICENSE, AND HOLDERS OF CONSTRUCTION PERMITS

Gentlemen:
.

SUBJECT: PROPOSED STAFF ACTIONS 10 IMPROVE AND MAINTAIN
DIESEL GENERATOR RELIABILITY (Generic Letter 84-15)

As part of the proposed technical evaluation of Unresolved Safety Issue (USI)
A-44, Station Blackout, the staff is considering new requirements that would
reduce the risk of core damage from station blackout events. The r.eliability
of diesel generators has been identified as being one of the main factors
affecting the risk from station blackout. Thus, attaining and maintaining high
reliability of diesel generators is a necessary input to the resolution of USI
A-44.

Plants lice ~nsed since 1978 have been required to meet the reliability goals
of Regulatory Guide 1.108 for their diesel generators. However, the staff has
determined that many operating plants do not have reliability goals in place
for their diesel generators. Considering the critical role diesel generators
play in mitigating various transients and postulated events following a loss'( of offsite power, the staff has detennined that there is an important need to
assure that the reliability of diesel generators at operating plants is
maintained at an acceptable level. The staff has determined that the risk
from station blackout is such that early actions to improve diesel generator
reliability would have a significant safety benefit. Toward this objective,
we have developed the following approach to assess and enhance, where necessary
the reliability of diesel generators at all operating plants.

The items covered by this letter fall into the following three areas:

1. Reduction in Number of Cold Fast Start Surveillance Tests for
Diesel Generators

-

This item is directed towards reducing the number of cold fast start
surveillance tests for diesel generators which the staff has determined
results in premature diesel engine degradation. The details relating to
this subjett are provided in Enclosure 1. Licensees are requested to
describ their current programs to avoid cold fast start surveillance
testing or their intended actions to reduce cold fast start surveillance
testing for diesel generators.

2. Diesel Generator Reliability Data

This item requests licensees to furnish the current reliability of
each diesel generator at their' plant (s), based on surveillance test data.

\, Licensees are requested to provide the information requested in
Enclosure 2.y

8407020206

.. -.
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2.

.

3. Diesel Generator Reliability

Licensees are requested to describe their program, if any, fo attaining
and r.aintaining a reliability goal for their diesel generators. An example

~ f a performance Technical Specification to support a desired dieselo
generator reliability goal has been provided by the staff in Enclosure 3. .

Licensees are requested to co=ent on, and ccmpare their existing program
or any preposed prcgram with the e>arple performance specification.

Accordingly, pursuant to 10 CFR 50.54(f), cperating reactor licensees are
requested to furnish, under oath or affirmation, no later than 90 days from
the date of this letter, the information requested in Items 1 through 3 above.
Applicants for cperating licenses and holders of construction permits are not
required to respond.

.

Licensees nay request an extension of time for submittals of the required
information. Such a reouest must set forth a prorcsed schedule and justification
for the delay. Such a request shall be directed to the Director, Division of
Licensing, |<RR. Any such request must be submitted no later than 45 days
from the date of this letter.

This request for information has been approved by the Office of Management
and Budget under Clearance Number 3150-0011, which expires April 30, 1985.

Sincerely,
_

\'
'

r

4 I
arre . EP s'en u '

Division'of licensing

Enclosures:
1. Reduction in Number of Cold

Fast Starts for Diesel
Generators

2 .' Diesel Generator Reliability
Data

3. Diesel Generator Reliability

.

.

/

.. .-
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Ef! CLOSURE 1.
-

~fDUCT10f. I.*. IN SER OF COLD FAST START
SURVEILLAf.CE TESTS 70R DIESEL GE!1ERATORS

(
rest Star Testing

The staff has for sor.etime had under review and assessment methods of diesel
;r.erater testing. The staff has determined that many licensees use a method
:f testirg <.hich dces not tale into cccsideration those nanufacturer reccnmended,

creparatcry acticns such as prelubrication of all moving parts and warmup
rrocedures v.hich are necessary to reduce engine wear, extend life and irprove
tvailability. The existing Star.dard Technical Specificaticns recuire fast starts
'rcr ambient conditicns for all surveillance testing which in r.any engine designs
and cperating practices subject the diesel engine to undue wear and stress on
engine parts. Cercerns were expressed by ACRS regarding the irposition of severe
echanical stress and waar on the diesel engine due to frequer.t cold fast starts.

- * uclear Industry related groups (ItiP0 and American l'uclear Insurer) have also.

expressed concern based on operating experience that cold fast start testing
results in incremental degradation of diesel engines and that, if proper
procedures covering warmup prelubrication, loading / unloading etc. , were taken,
an irprever.ent in reliability and availability would be gained. Similar views
rave been identified by the nuclear pwer industry and the regulatory authority
in Sweden. The authority in Sweden has taken corrective actions to reduce the
'requency of fast starts.

It is the staff's technical .iudgement that an overall improvement in-diesel
engine reliability and availability can be gained by performing diesel generator

-f starts for surveillance testino using engine prelube and other manufacturer
recommended procedures to reduce engine stress and wear. The staff has also
determined that the cemonstration of a fast start test capability for emergency
diesel generators from ambient conditions cannot be totally eliminated because
the design basis for the plant, i.e., large LOCA coincident with loss of
offsite pcwer, recnires such a capability.

In view of the above, the steff has concluded that the frequency of fast start
tests from ambient conditions of diesel generators should be reduced. An example
of an acceptable Technical Specification to accomplish this goal is provided in
the attachment to this enclosure. Licensees are requested to describe their
current programs to avoid cold fast starts or their intended action to reduceo

the number of cold fast start surveillance tests from anbient ennditions for
diesel generators. Licensees are encouraged to submit changes to their Technical
Specification to accomplish a reduction in the number of such fast starts...

Other Testing

A'so, the staff is corcerned regarding a nunber of additicral diesel generator
tests that are currently being required by Technical Specificatiens for sore of
t e earlier licensed eperating plants. For example, when subsystems of the

i e ergency core coolir$ system on some plants are declared innperable, the diesel
pr.erators are recuired to be tested. The staff hPs concluded that excessive
testing results ir degradation of diesel engines. In order to r..ke those few
fants cer:sistent with the majority of the plants, it is the staff's position

( '*at 'he recuirer.ents for testing diesel generatcrs while emergency core cooling
* uW: is inc eretle. bo deleted frn, the Technical Specifications 'cr such
: 'uM. 7e af fe;tcr licraces are enc: Le ged to prcpese Trdrical Sewif %' ions
'''Of ? L 7. chan{M.
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|.TTAC'-::42:;7 TO E:iCLOS'*RE i
.

TYPICAL TECHNICAL 3PECIFICATICN

( SLRVEILLANCE REGUIREMENTS

4.d.1.1.1 Eacn of tne acove requirea incependent circuits de: ween tne
offsite transmission network and the onsite Class IE distribution
system shall be: -

.

a. Detemined OPERABLE at least once per 7 days by verifying
correct breaker alignment, indicated p::wer availability, and

b. Demonstrated CPERABLE at least once per 18 months during
shutdown by transferring (manually and autcmatically) unit
pcwer supply from the normal circuit to the alternate circuit.

4.8.1.-l.2 Each diesel generator shall be demonstrated OPERABLE: '

a. In accordance with the frequency specified in Table 4.8-1 on a
STAGGERED TEST BASIS by: /

1. Verifying the fuel level in the day and engine-mounted fuel
tank, *

2. Verifying ~the fuel level b the fuel storage tank, -

-( 3. Verifying the fue'l transf r pump starts and transfers fuel
from the storage syjtem to the day and engine-mounted tank,

4 Verifying the diesel starts from ambient condition and *

accelerates to at least (900) rpm in less than or equal to
10 seconds.* The generator voltage and frequency shall be
(4160) : (420) volts and (60) : (1.2) Hz within (10)* seconds
after the start signal. The diesel generator shall be started
for this test by using one of the following signals:

a) Manual

| b) Simulated loss of offsite power by itself.
|'' eine ciesei generator st' art (10 sec) from ambient conditions shall be

performed at least once per 184 days in these surveillance tests. All

other engine starts for the purposh of this surveillance testing may be
preceded by an engine prelube period and/or other warmup procedures '

; recc=er.ded by the manuf acturer so that mechanical stress and wear on
the diesel enoine is minimized.

|
~

I

NOTE: Bars in the margin show changes made to the Standarc Tec .nical
Specifications.

|

|

|
i

- - - - , - . - . - , . , . , - - - - , , - - - , _ , , - - - , , , - . . . - - , - - - - - , - . - - - - , ,, ~- . . . . . , , - , _ , , - - = . , - ,
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SURVEILLA"CE REOUIRE!iENTS (Continuec)

(
,

c) Simulated loss of offsite pcwer in conjunction with an
ESF actuation test signal. -

d) An ESF actuation test signal by itself.

5. Verifying the generator is synchroni:ed, loaded to greater
than or equal to (continugus rating) in less than or equal to
( ) seconds,* and operates with a load greater than or equal
to (continuous rating) for at least 60 minutes,

- 6. Verifying the diesel generator is aligned to provide standby
power to the associated emer'gency busses.

~

b. At least once per 31 days and after each operation of the diesel
where the period of operation was greater than or equal to I hour
by checking for and removing accumula ed water from the day and
engine-c.ounted fuel tanks. .

c. At .least once per 92 days and from new fuel oil prior to additional
to the storage tanks by verifying that a sample obtained in
accordance with ASTH-0270-1975 has a water and sediment content of

-I less than or equal to .05- volu6e percent and a kinematic viscosity
- @ 40*C. of greater than or equaT to 1.9 but less than or equal to

4.1 when ' tested in accord'ance with ASTM-D975-77, and an impurity
level of less than 2 mg. of insolubles per 100 ml. when tested in
accordance with ASTM-D-2274-76.

d. At least once per 18 months, during shutdown by:

1. Subjecting the diesel to an inspection in accordance with
procedures prepared in conjunction with its manufacturer's
rec:mmendations for this class of standby service.

2. Verifying the generator cacability to reject a load of
greater than or equal to (' argest single emercency load) kwl
while maintaining voltage at (4160) : (420) volts and -

|
frequency at (60) : (1.2) Hz (less than or eoual to 75% of
the' difference between ncminal speed and the overs;eed trip;

setpoint, or 15% above nominal whichever is less).'

3. Verifying the generator capability to reject a load of '

(continuous rating) kw without tripping. The generator
vci. age shall not exceed (J784) volts during and fci'.owing the
Icac rejection.

| C
,

5 ee iCo*Jo*.e 0" ;"6Vi3J$ pa}$

- -, - . , , . - . , -- _. - . - - - _ . - . _ - .
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OfLOSURE 7

.

( DIESEL GE!!ERATOR RELI!EILITY DATA
'

TFc reliability of diesel tenerators has been idertified as one of'the nair *

'

factcrs affecting the rish of core damage from station blackout. Thus,
attairr.ent and centinued naintenance of high reliability for diesel tenerators
is r.ecessary to the resolution of USI A 44. To assist the staff in assessing
the current reliability of diesel generators at operating plants, licensees

~

are recuested to report the reliability of each diesel generator at their plant
for its last 20 and 100 demands. This shculd include the number of failures in
the last 20 and 100 valid der. ands indicatine the time history for these failures.
Licensees are requested to indicate whether they raintain a record which itenizes.

the derands ard failures experienced by each diesel generator unit,' in the
manner outlined in Regulatory Guide 1.108 position C.3.a, for each diesel
generator unit. Licensees should also indicate whether a yearly data report
is maintained for each diesel generator's reliability. The criteria /cri

'

determining the reliability of diesel cererators is as follows:

a. Valid der. ands and failures are to be determined in accordance
with the recommendations of Reculatory Guide 1.108 position c.2.e.

b. The reliability of each diesel generator will be calculated -

( based on the nur.ber of failures in the lest 100 valid demands.,_

.

4

4

.

.

(

.
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Et' CLOSURE 3 -

DIESEL GENERATOR RELIARILITY

,

In the staff's ongoing program to resolve USI A-44, Station Blackout,
diesel generator reliability is ore of the factors used to determine the length
of time a plant should be able to cope with a station blackout. If all other

. ' actors are crnstant, the higher reliability of the diesel generator will result
in the icwer prcbability cf a total loss of AC power. !'aintaining diesel
generators at or above specific reliability levels is assoned in the development
of the resolutien of USI A-44. The reliable operation of diesel generators
should be assured by a reliability prograi- designed to monitor, irprove (if
necessary), and naintain reliability at a specified level.

In view of the above, licensees are requested to describe their diesel generator
reliability improvement program, if any, for attaining and maintaining a
reliability goal. The program description should address the surveillance and
testing the licersee performs to demonstrate the selected diesel generator
reliability. All licensees have received the staff's previous letter trans-
nitting the findings of NUREG/CR-0660, " Enhancer.ent of Cnsite Emergen:y Diesel<

Generator Reliability, February 1979" identifying areas where diesel generator
operational problems were occurring in general. Licensees should' consider the
recor.mendations of NUREG/CR-0660 in their reliability program. The staff has
developed an ' example for a diesel generator performance Technical Specification
to support the maintenance of diesel generator reliability at a specifie6

_( level. The proposed performance specification encompasses certain aspects of
the existing reonirements for surveillance testing of diesel generators
stipulated in Regulatory Guide 1.108 and the qualitative recommendations of
NUREG/CR-0660. This performance specification is presented, as an example, in
the attachment to this enclosure. Licensees are requested to coment ' no
and/or conpare'their program with the perfcrmance specification and provide
cor.r.ents for staff consideration in finalizing surveillance testing requirements
for diesel generators.

.

i

l

a

i

I
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ATTACHMEt:T TO ENCLOSURE 3

EXAMPLE OF DIESEL GEfiERATOR PERFORMANCE
TECHNICAL SPECIFICATION

E&ckg tur.d 4

Review of LER data gathered as part of the staff's study of USI A-44, Station .

Blackout, indicates the median value of diesel generator reliability at operating
p'. ants tc be 0.98/dsmand with about 75% of diesel generators currently in -

ser. ice having a reliability of 0.95/ der.and or greater. The follcwing is an,

elatcraticn of the example perforr.ance Technical Specification preposed to
r a i r.t a i r. reliability levels in this range: -

Reliability Program

1. Reliability Goals
.

The steff's preposed resolution of USI A-44 currently under *

develcpment would provide guidance for plants to maintain diesel
generator reliability at or above specified levels (0.95 being
the minimum desired level). In order to assure that this level

'is achieved and maintained, a surveillance test program is
r.ec e s s a ry. Based on surveillance testing, should a diesel generator's
reliability fall below a specified level, certain actions should
be taken as presented in the next section.

2. Reliability Level Remedial Actions
,

.(
.

The reliability of each diesel generator is based on the number
of failures in the last 100 valid demands, with appropriate
remedial actions as follnws. Note that "P" is defined as the
probability of failure per demand per diesel.

PLANT GROUP RELIABILITY ACTION

A (1-P)1.95 Continue surveillance testing
at 31 day interval. Increase
surveillance testino per Table

: 4.8.1 of Appendix A if the
failures in the last 20 tests'

were h 2.

B . 95 '> ( 1 - P ) .h 0.'90 Increase surveillance testino'

per Table 4.8.1 of Appendix A
and take action per Table 4.8.2*

of Appendix A.

C (1-P) /,. 90 Discualify DG. Recualify
DG in accordance with Table
4.8.? Appendix A.

(.
The diesel gererator would remain incperable from the time of the las failure

threugh the period required for corrective action and until the first subsequent
valid successful test is completed,

l
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3. Surveillance Test Frequency
,

f In order to meet the tir.eliness goal, a normal test frequen:y is
established and a criterion for increasing the test frequency is
necessary to determine whether a ma,icr degradation in reliability
is indicated.

Normal plant surveillance - each diesel generator unita.
should be tested at a frequency which is in accordance
with the manufacturer's recor:endations, but in no case
shculd the tir.e between tests be greater than 31 days.

'

b. Accelerated plant surveillance"- whenever a diesel generator
unit has experienced two or more failures in the last
twenty der. ands, the maximum time between tests should be
reduced to seven days. This test frequency should be
maintained until seven consecutive failure-free demands have
been performed and the number of failures in the last 20
demands has been reduced to one or less. Two failures in 20
demands is a failure rate of 0.1, or the threshold of' acceptable
diesel ger.erator performance, and hence nay be an early e

indication of degradation of the reliability of a diesel
generator. However, when considered in the light of a'long
history of tests, two failures in the last 20 demands may
only be a statistically probable distribution of two random
events'. Increasing the test frequency will allow for a more -

( tinely accunulation of additional test data upon which to base-

judgment of the reliability of the unit.

4. Remedial Action Criteria

If the number of failures in the last twenty valid tests is three or
more or in the last 100 valid tests is six or more, the licensee should
within 14 days prepare and maintain a report describing the reliability
improvement program at the facility which includes, but is not limited
to; 1) the implementation of NUREG/CR-0660 reccmmendations, and 2)
perform a reliabilty assessment of the offsite and onsite pcwer system. <

(See Table 4.8.2 of Appendix A for details regarding action required).

5. Requalification Criteria

If the number of failures in the last twenty valid tests is five or -

more, or in the last 100 valid tests is 11 or more, the affected unit
would be dis ~ qualified from nuclear service and subjected to a requal-
ification program. A requalification program would be a series of 14
successful consecutive tests without a failure. The licensee would
perform seven consecutive successful demands without a failure within
30 days of the diesel generator being restored to operable status and
14 consecutive demands without a failure within 75 days of the diesel .

generator being restored to operable status. Refer to Attachment 2
,

to Table 4.8-2 of Appendix A for criteria. Two attempts would be allowed

( to achieve the acceptable test series. During requalification testing,2

a diesel generator unit would not be tested more frecuently than once in,

ary 24-hcur interval.

___ . - _ - - _ _ _ . _ _ _ . . _ _ _ _ _ . _ . _ _ __ ,_ . _ . . ,



.

.

-3-
,

'6. ' Failure to Recualify a Diesel Generptor

( If the diesel cenerator is rot requalified as defined above, the unit
would Fue declared inoperable and the action statement in the plant
Technical Specification for one diesel generator inoperable should
be followed imrrdiately.

7. Diesel Generator Inoperability Limits .

,

The staff has determined that the allcuable cut-of-service period for a
diesel generator should be in excess of the current 72 hour Technical
Specification limit, while at the same time placing a yearly limit upon'

the total curulative time that a plant may operate with one of the diesel
generators inoperable. By placing an individual limit on naximum inoperable
tice for a diesel generator and a cumulative limit of inoperability of the
nnsite pcwer system, a framework is established within which flexibility
is provided to allow a licensee to best optimize planned and Unplanned
service of diesel generators at a plant. This would limit plant risk
fron station blackout at the same tine allowing flexibility for any given
outage. Licensees may propose a total cumulative outage time for diesel
ccrerators in the Technical Specification along with the basis f' r thee o

outage time chosen.

8. Valid Demands and Failures

Valid denands and failures used in the above parecraphs should be-

._( determined in accordance with the recommendctions of Regulatory
Guide 1.108, position C.2.e.

9. Reliability Reccrds

A record should be maintained in accordance with the recommendations<

of Regulatory Guide 1.108 position C.3.a for each diesel generator
unit at a site which itemizes the demands and failures experienced
by the diesel (See also Attechnent 1 to Table 4.8.2
of Appendix A) generator unit. t

.

.

e

.

.

--. .. - - - - , - . - - - .



APPENDIX A,

.

TYPICAL TECHNICAL SPECIFICATIONS
.

3/4.8 ELECTRICAL POWER SYSTEMS

3/4.8.1 A.Cr SO'JRCES

OPERATING

LIMITING CONDITION FOR.

OPERAiiON

.

3.8.1.1 As a minimum, the following A.C.~ electrical power sources shall
be OPERABLE:

.

-

Two physically independent circuits between the offsitea.
transmission network and the onsite Class 1E distribution
system, and --

b. Two separate and independent diesel generators, each with:
1

1.. Separate day and engine-mounted fuel tanks containing
a minimum volume of gallons of fuel,

2. A separate fuel storage syste'm containing a minimum
-

' volume of gallogs of fuel, and
~

3. A separate fuel transfer pump.

APPLICABILITY: MODES 1, 2, 3, and 4

ACTION:

a. With an offsite circuit of the above required A.C. electrical
pcwer sources inoperable, demonstrate the OPERABILITY of the .

remaining A.C. offsite source by performing Surveillance
Requirement 4.8.1.1.1.a within 1 hour and at least once per 8
hours thereafter; and Surveillance Requirement 4.8.1.1.2.a.4
within 24 hours; restore at least two offsite circuits and two
diesel generators to OPERABLE status within 72 hours or be in
at least HOT STANDBY within the next 6 hours and in COLD
SHUTDOWN within the following 30 hours. --

.

NOTE: The modified Standard Technical Specification is intended as an
example of changes due to the~ reduction in number of fast starts
and diesel generator reliability improvement program surveillance
requi rece r.ts . Bars in the margin show changes for those portions
of technical specifications associated with these two itens. It

is necessary for licensees to incorporate these char.ges into
( existing plant technical specification upon implementation of
\ these two items.

- . - .- . ._ . . -
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(
ACTION: (Ccntinued)

b. With a diesel generator of the above required A.C. electrical
power sources inoperable,* deno7 strate the OPERABILITY of the
A.C. offsite sources by performing Surveillance Requirement
4.8.1.1.1.a within 1 hour and at least once per 8 hours -

thereaf ter; and Surveillance Requirement 4.8.1.1.2.a.4 within
24 hcurs; restore diesel generators to OPERABLE status within
(A**) days *** or be in at least HOT STANDBY within the next 6
hours and in COLD SHUTDOWN within the following 30 hours. At
the number of failures for the inoperable diesel indicated in
Table 4.8-2 perform the Additional Reliability Actions
prescribed in Table 4.8-2 and its attachments.

'

c. With one offsite circuit and one diesel generator of the above
required A.C. electrical power sources inoperable, demonstrate
the OPERABILITY of the remaining A.C. offsite source by
performing Surveillance Requirement 4.8.1.1.1.a within 1 hour |
and at least once per 8 hours thereafter and Surveillance '

Requirement 4.8.1.1.2.a.4 within 8 hours; restore at least one j
of the inoperable scurces to OPERABLE status within 12 hours
or be in at least HOT STANDBY within the next 6 hours and in
COLD SHUTDOWN within the following 30 hours. With the diesel
generator restored to OPERABLE status, follow Action Statement,

-( a. With'th'e offsite circuit restored to OPERABLE status,
follow Action' Statement b.

. -
,

;

*A diesel generator shall be considered to be inoperable from the time
of failure until it satisfies the requirements of Surveillance

Requirement 4.8.1.1.2.4 ELECTRIC POWER SYSTEMS

**The maximum time that an individual diesel generator may be
,

inoperable (A) shall be established by the licensee based on the ,

manufacturer's recommendations and previous maintenance and repair j
experience. Every reasonable effort shall be made to restore !

individual diesel generators to operable status within that time ;

period (A). Every reasonable effort shall be interpreted to nean j

that diagr.osis and repairs are to begin immediately and are to ;

continue uninterrupted until the diesel generator is declared .

operable or an orderly retreat to cold shutdcwn is initiated,
i

***The maximum total cumulative time that the diesei cenerators of the :

(.
onsite emergency AC power system may be in the INGEERABLE status in a !
given year shall be proposed by the licensee.

. . . _ .. - .- - - -. . . __
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ACTION: (Continued)

d. _With two of the above required offsite A.C. circuits
incperable, demonstrate the OPEPABILITY of two diesel
generators by performing Surveillance Requirement
4.8.1.1.2.a.4 within 8 hours unless the diesel '

generators are already operating; restore at least one of
the inoperable offsite sources to OPERABLE status within 24

hours or be in at least HOT STANCEY within the next 6 hours.
With only one offsite source restored, follow Action
Statement a. .

i

e. With two of the above required diesel generators iroperable,
demonstrate the OPERABILITY of,two offsite A.C. circuits by,

performing Surveillance Requirement 4.8.1.1.1.a within 1 hour
and at least once per 8 hours thereafter; restore at least one
of the inoperable diesel generators to OPERABLE status within;

'
2 hours or be in at least HOT STANDBY within the next 6 hours
and in COLD SHUTDOWN within the followino 30 hours. With one
diesel generator unit restored, follow Action Statement' b and

-d.

.

.

* .

.

(

_ ._ __ _. _- - - .- . - ..-
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SUFVEILLANCE REQUIREMENTS

.

" 8.1.1.1 Each of the above required independent circuits between the.

effsite transmission network and the onsite Class 1E distribution system
shall be:

a. Determined OPERABLE at least once per 7 days by verifying
correct breaker alignments, indicated power availability,
and

.

b. Demonstrated OPERABLE at least once per 18 months during
shutdown by transferring (canually and automatically) unit
power supply from the normal circuit to the alternate circuit.

e

d.8.1.1.2 Each diesel generator shall be demonstrated OPERABLE:

a. In accordance with the frequency specified in Table 4.8-1 on a
STAGGERED TEST BASIS by:

1. Verifying the. fuel level in the day and engine-mounted fuel
-7 tank,-

2. Verifying the fuel level in the fuel storage tank,

3. Verifying the fuel transfer pump starts and transfers fuel
from the storage system to the day and engine-mounted tank,

4. Verifying the diesel starts from ambient condition and
accelerates to at least (900) rpm in less than or equal to
Idhseconds.* The generator voltage and frequency shall be
(A160) : (420) volts and (60) : (1.2) H2 within (10)
seconds after the start signal. The diesel generator shall i
be started for this test by using one of the following
signals:

a) Manual .

b) Simulated loss of offsite power by itself.

.

*ir.e ciesel generator start (10 sec) from ambient conditions shall be
performed at least once per 184 aays in these surveillance tests. All I

cther engine starts for the purpose of this surveillance testing may be
( preceded by an engine prelube period and/or other warmup procedures

recermended by the manufacturer so that mechanical stress anc wear on
the ciesel engine is minimized. |

t

:
.

-m . . ~ - . . _ . , _ _ _ . , , 4 . _ _ _ .__._,_r _. .m . - ,- -. ._
.
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SURVEILLANCE REOUIREMENTS (Contined)

c) Simulated loss of offsite power in conjunction with an
ESF actuation test signal.

d) An ESF actuation test signal by itself.

5. Verifying the generator-is synchronized, leaded to greater
than or equal to (continuous rating) in less than or equal
to ( ) seconds,* and operates with a lead greater than or
equal to (continuous rating) for at least 60 minutes,

-
. .

6. Verifying the diesel generator is aligned to provide
standby power to the associated emergency busses.

b. At least once per 31 days and after each operation of the'
diesel where the period of cperation was greater than or
equal to I hour by checking for and removing accumulated
water frcm the day and engine-mounted fuel tanks.

c. At least once per 92 days and from new fuel oil prior to -

addition to.the storage tan 4s by ve'rifying that a sample
"'

obtained in accordance'with ASTM-D270-1975 has a water and
sediment content of less than or equal to .05 volume percent
and a kinematic viscosity 0 40 C of greater than or equal to
1.9 but less than or equal to 4.1 when tested in accordance
with ASTM-D975-77, and an impurity level of less than 2 mg.
of insolubles per 100 ml. when tested in accordance with

ASTM-D2274-70.

d. At least once per 18 months, during shutdown, by:

1. Subjecting the diesel to an inspection in accordance with
procedures prepared in conjunction with its manufacturer's-

recommendations for this class of standby service.

2. Verifying the generator' capability to reject a load of -

,

greater than or equal to (largest single emergency load) kw'

while maintaining voltage at (4160) : (*20) volts and
frecuency at (60) : (1.2) Hz (less than or equal to 75!; of
the dif#erence between nominal speed and the overspeed trip
setpoint, or 15% above nominal whichever is less).

3. Verifying the generator capability to reject a load of
(continucus rating) kw witnout tripping. The generator
voltage shall .iot exceed (4784) volts during and following

(' the load rejection.:

I

'See footnote on page 4
f

. -. . . .- . . . - - - --.
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SURVEILLANCE REOUIREMENTS (Continued)

(
;

4 Simulating a loss of offsite power by itself, and
.

a) Verifying de-energization of the emergency busses and
load shedding from the emergency busses.

b) Verifying the diesel starts on the auto-start signal,
energizes the emergency busses with permanently
connected loads within (10) seconds, energizes the
auto-connected shutdcwn. loads through the load
sequencer and operates.for greater than or ecual to 5
minutes while its generator is loaded with th'e shutdown
loads. After energization, the steady state voltage
and frequency of the energency busses shall be
maintained at (4160) : (420) volts and (60) (1.2)Hz
during this test.

'

5. Verifying that on an ESF actuation test signal, without
loss of offsite power, the diesel generator starts on the
auto-s' tart signal and operates on standby for greatet.than
or equal,to 5 minutes. The genbrator voltace and frequency
shall be (4160) : (420) volts and (60) = (1 2) Hz within
(10) seconds .after the auto-start signal; the steady state
generator voltage ,and frequency shall be maintained within
these limits during this test.

6. Simulating a loss of offsite power in conjunction with an
ESF actuation test signal, and

a) Verifying de-energization of the emergency busses and
load shedding from the emergency busses.

b) Verifying the diesel starts on tr.e auto-start signal,
energizes the emergency busses with permanently
connected loads within (10) seconds, energizes the

.

.

(

_

, _ - --
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SL'RVEILLANCE REOUIREP.ENTS (Continued)
{

auto-connected emergency (accident) loads through the
load sequencer and operates for greater than or equal
to 5 minutes while its generator is loaded with the
emergency loads. After energization, the steady state
voltage and frequency of the emergency busses shall be
maintained at (4160) : (420) volts and (60) : (1.2) Hz
during this test. ,

Verifying that all aute. atic diesel generator trips,c) r

except engine overspeed and generator differential,
are automatically bypassed upon loss of voltage on the
emergency bus concurrent with a safety injection
actuation signal,

f

7. Verifying the diesel generator operates for at least 24
hours. During the first 2 hours of this test,'the diesel
generator shall be loaded to greater than or equal to (2-
hour rating) kw and during the remaining 22 hours of _this
test, the diesel generator shall.be loaded to greater than
or equal-to (continuous rating) kw. The generator voltage-

and frequency shall be (4160) : (420) and (60) : (1.2) Hz
within (10) seconds after the start signal; the steady

state generator voltage and frequency shall be maintained
within these limits during this test. Within 5 ninutes
af ter completing this 2a-hour test, perform Surveillance
Requirement 4.8.1.1.2.d.7.b.

8. Verifying that the auto-connected loads to each diesel
generator do not exceed the 2000-hour rating of kw.

9. Verifying the diesel generator's capability to:
.

a) Synchronize with the offsite power source while the
generator is loaded with its emergency loads upon a ,
simulated restoration of offsite power,

b) Transfer its loads to the offsite power source, and

c) Be restored to its standby status.
,

10. Verifying that with the diesel generator operating in a
test mode, connected to its bus, a sirulated safety
injection signal overrides the test node by (1) returning

(-
the diesel generator to standby operation and (2)
automatically energizing the emergency loads with offsites

power.

- - _ , _ ._ .-- ,
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ELECTRIC POWER SYSTEMS
.

Table 4.8.1 ,

DIESEL GENERATOR TEST SCHEDULE

Number of Failure in
last 20 Valid Tests * Test Frecuency

,

.

f1 At least once per 31 days

r
3r 2 At least once per 7 days **

-

._i

oCriteria for determining number of failures and number of valid tests
shall be in accordance -with Regulatbry Position C.2.e of Regulatory
Guide 1.108, Revison 1, August 1977, where the number of tests and
failures is determined on a per diesel generator basis, For the
purposes of this test schedule, only valid tests conducted after
the OL issuance date shall be included in the computation of the
"last 20 valid tests."

ooThis test frecuency shall be maintained until seven consecutive
failure free demands have been performed and the number of
failures in the last 20 valid demands has been reduced to one or

~

less.
.

.

(

- . . ..
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' TABLE 4.8-2

ADDITIONAL RELIABILITY ACTIONS'

No. of failures No of failures
in last 20 in last 100-

valid test valid tests Action

3 6
~ kithin 14 days prepare and

maintain a report for NRC audit!

describing the diesel generator
reliability improvenent program '

,

, implemented at the sitet
Minimum requirements for the
report are indicated in
Attachment 1 to this table,

r

5 11 Declare the diesel gsnerator .

inoperable. Perform a requali-
fication test program for the

~

affected diesel generator.

_i Requalification test program
requirements are indicated in
Attachment 2 to this table.

.

S

.

.

.. ._ - --. . ._ . . . .



, - . - __ _.

'

.

' - 10 -*-

.

....
e

ATTACHMENT 1 TO TABLE 4.8-2
{

REPORTING REQUIREMENT
~

.

As a mininum the Reliability Improvement Program report for NRC audit
shall include:

a) a summary of all tests (valid and invalid) that occurred within the
tire period over which the last 20/100 valid tests were performed

b) analysis of failures and determination of root causes of failures

c) evaluation of each of the recommendations of NUREG/CR-0660,
" Enhancement of Onsite Emergency Diesel Generator Reliability
in Operating Reactors," with respect to their application to

f

the Plant

d) identification of all actions taken or to be taken to 1) correct
the root causes of failures defined in b) above and 2) achieve a
general improvement of diesel generator reliability _

~( e) the schedule for implementation qf each action from d) above

f) an assessment of the existing re nability of electric power to
engineered-safety-feature equipment

Once a licensee has prepared and maintain an initial report detailing
the diesel generator reliability improvement program at his site, as
defined above, the licensee need prepare only a supplenental report'

within 14 days after each failure during a valid demand for so long as
the affected diesel generator unit continues to violate the criteria
(3/20 or 6/100) for the reliability improvement program remedial action.
The supplemental report need only update the failure / demand history for
the affected' diesel generator unit since the last report for that diesel
generator. The supplemental report shall also present an analysis of the
failure (s) with a root.cause determination, if possible, and shall
delineate any further pr'ocedural, hardware or operational changes
to be incorporated into the site diesel generator improvement
program and the schedule for implementation of those changes.

In addition to the above, submit a yearly data report on the diesel
,

generator reliability.

(

_ . . . . --
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ATTACHMENT 2 TO TABLE d.8-2

( DIESEL GENERAIOR RE00ALIFICAilON PROGRAM
a

(1) Perform seven consecutive successful demands without a failure
within 30 days of diesel generator being restored to operable
status and fourteen consecutive successful denands without a-

failure within 75 days of diesel generator of being restored to
operable status.

(2) If a failure occurs during the first seven tests in the
requalification test program, perform seven successful demands
witbrut an additional failure within 30 days of diesel generator

of being restored to operable status. and fourteen consecutive
successful demands without a failure within 75 days of being
restored to operable status.

(3) If a failure occurs during the second seven tests (tests 8 through
14) of (1) above, perform fourteen consecutive successful demands
without an additional failure within 75 days of the failure which
occu'rred during the requalification testing, -

(4) Following the sec,ond failure during the requalification test
programi be in'at least HOT STANDBY within the next 6 hours -

r

,

and COLD SHUTD0'n'N within the fol}owing 30 hours.

(5) During requalification. test.ing the diesel generator should not
be tested more frequently than at 24-hour intervals.

After a diesel generator has been successfully requalified, subsequent
repeated requalification tests will not be required for that diesel
generator under the following conditions:

(a) The number of failures in the last 20 valid demands is less than
5.

*

(b) The nunber of failures in the last 100 valid demands is less than
11.

(c) In the event that following successful requalification of a diesel
generator, the number of failures is still in excess of the
reredial action criteria (a and/or b above) the following exceptior
will be allowed until the diesel generator is no longer in
violation of the remedial action criteria (a and/or b above).

Requalification testing will not be recuired proviced that after each
valid de and the number of failures in the last 20 and/or 100 valid
demands has not increased. Once the diesel generator is no lcrger
in violation of the remedial action criteria above the provisions of

( those criteria alone will prevail.

_ _ - - - - - - _ _ _ - - - -
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DUKE POWER GOMPANY*

NUGLEAR PRODUCTION DEPARTMFLNT
P.O. aOx 33189, 422 SOUTH CNURCH STREET

$ CHARWTrE. N.C. 28242
,

(704) 073-4011 ,,

JUL 17 1964 ;

Mr. C.L. Ray, Jr.
|Tschnical Program Director

TDI Diesel Generator Owner's Group
1225 Harding Place
Chsrlotte, N.C. 28204

-

Re: Catawba Nuclear Statio-
~

Diesel Generator Operating History

In response to the Owners Group request of March 20, 1984, attached herewith
is the documented operating history of the Unit 1 Diesels at Catawba.

summary of the operating history of the Unit 1Attachment I contains a
Diesels, and a discussion of the failures to start and steps taken to prevent
recurrence. Attachment 2 is the complete listing of all documented start

_ attempts on the 1A and IB diesels.
_

. you have any questions, please contact me at extension 2345.
.

fN cd2C o
G.W. Hallean, Manager
Nuclear Maintenance Group
Nuclear Production Department

GWH:RMR:rm

ec: Emme t t Murp hy
Carl H. Burlinger
R.P. Muschick
R.O. Sharpe
C.J. Wylie .

J.W. Hampton
A.V. Carr, Jr.
Dana Smith
W.W. McCollough

,

_. -
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ATTACHMENT 1*

I -

1.0 Purnose
.

This document summarizes the attempts to start the Catawba Nuclear
Station Unit I diesel generators from its documented operating hist.ory.
This document also provides a discussion of each failure to start and
steps taken or being taken to prevent recurrence.

2.0 Summary

The Catawba Unit 1 diesels have been through a combines total of 361
documented attempts to start, of which there have been 7 valid failures
to start (2%). (See Section 3.0 for definitions.) A summary of the
starts for the 1A and IB diesel engines are shown graphically in figures
I and 2. The valid failures to start are addressed in section 4.0. It

should be noted that there are no invalid failures to start for both the
1A and IB diesels.

3.0 Definit ions

To assure consistency with U.S. Regulatory Guide 1.108 (Reference 1) and
station operating procedures, the terms in this document are defined as
follows :

~

(
3.1 Valid Succes s ful Start - Applies when hath of the following

conditions are met: .

s

A) The diesel engine starts and accelerates to 2,427 RPM (> 95%

speed) within 11 seconds.

i B) The D/G is successfully loaded to 2,3500KW (50% continuou s
rating) and operates at this load for > one hour.

3.2 ~ Valid Failure To Start - Applies to all start attempts (automatic
or manual) that result in a failure to start except for those
conditions given in 3.3.A. below and C.2.e(2) of Reg. Guide 1.108.

3.3 Invalid Success ful Miscellaneous Starts - Apply when an1 of the
following conditions are met:

A) Any unsuccessful start or loading attempt that can definitely
by attributed to:

1. Operating error
2. Spurious operation of a trip that is bypassed in the

emergency operating mode.
3. Malfunc tion of equipment that is not operative in the

emergency operat ing mode or is not part of the defined
/ diesel generator unit design.

I <

'

B) A auccessful start that is terminated intentionally withou t

j load ing .

,- ,. - -. .. - . . - . . - . - - . _ . . . _ _ . _ . _ . - . - . _ , - , . - . _ . - -_
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C) Tests that are terminated intentionally before completion (as*

defined in 3.1.)

D) Te"sts performed during trouble-shooting. _

3.4 Invalid Failure To Start - A start attempt that results in a
failure to start or load during the process of trouble-shooting a

separate unrelated problem, except as noted in 3.3.A 3.3.B. and
3.3.C above and C.2.e(2), C.2.e(4) of Reg. Guide 1.108.

4.0 Valid Failures Tg Start

Diesel Generator IA

e Start No: 66
Reason For Start: Continuation of Extended Run Test .
Trip Indication: Low Low Lube Oil Pressure
Causative Factors: Prior to this start (at the end of

Start /Run Number 64) the engine had
been manually shut down to replace
turbochargers, pushrods, a cracked
cylinder head, and a damaged rocker
box assembly (See Note 8 Attachment
2). At this time the lube oil
filters were swapped. This operation
had been performed incorrectly.

However, since the start following -

this shutdown was terminated after 5
minutes to readjust the valve , lash
associated with the push rod
replacement (See Note 9, Attachment
2), the problem did not appear until
Start No. 66.

Corrective Action: Stricter adherence to procedures and
closer scrutiny will be placed on the
operat ions involving swapping the

| lube oil filters to prevent
recurrence of this problem.

e Start No: 94
Reason For Start: Blackout Test
Trip Indication: None Received
Causative Factors: The Timer /Not 9 Module of the -

shutdown logic board, a device which
allows the switchover from the Group
II alarm lockout circuit to the Group .

II alarm active circuit, had drifted
I out of calibration. This pneumatic

t imer had not been calibrated since
the beginning of the extended run

( test, e.g. 68 hours. Recalibration
of this item corrected this problem.

-. _. -. - - - _ , . . _ _ _ _ _ _ _ - . , . _ . _ - -, -
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.' Corrective Action: Per Reference 2, the pneumatic engine
shutdown system is loop tested and

( calibrated during each refueling
outage. With engine operation

'

anticipated at less than 50 hours per
year, this calibration frequency
should provide adequate surveillance
to prevent recurrence of this
problem.

Diesel Generator 1B

e Start No: 58
Reason For Start: One Hour Test Run @ 3500KW
Trip Indication: Breaker Open on Diesel Generator
Causative Factors: Reverse power relaying, due to

deteriorating voltage regulator and
SCR. These defective devices were
not isolated and replaced until three
months (and 171 starts) later.

Corrective Action: The generator control system is

tested and aligned each refueling
(Reference 2). With engine operation
anticipated at less than 50 hours per
year, this frequency should provide

,

adequate surveillance to prevent .

recurrence of this problem.'

e Start No: 70 -

Reason For Start: Troub le-Shoo t ing*
Trip Indication: Failure To Reach 427 RPM in 11 Seconds
Causative Factors: As part of the search for the voltage

regulator problem described in Start
No. 58, adjustments were made to the

| speed regulating gove rnor. The
' failure of the engine to come up to

speed was due to misadjustment of the
governor. Re-adjustment corrected
the problem.

Corrective Action: In addition to the corrective action
taken on the voltage regulator in
Start No. 58, the settings on the
speed regulating are verified each
refueling (Reference 2). With engine

j

|
operation anticipated at less than .'O

| hours per year and engine speed '

monitored during engine operation,
this 'should provide adequate

,

| surveillance for preventing
recurrence of,this problem.! '

* See footnote, r. ext page.
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. e Start No.: 82
Reason For Start: Engineered Safety Features (ESF) Test

f Trip Indication: Failure to Reach 427 RPM in 11 Seconds
Causative Factors: The primary cause of failure to start'

was a low oil level in the speed
regulating governor's actuator.
Secondary causes were leaking seals
in the actuator and failure to

inspect the sight glass on the
governor prior to the test. (The '

engine had just been shut down from a
48 hour run to perform the ESF Test,
and was assumed to be in a state of
readiness). The actuator was filled
with oil and the problem cleared.
The leaking seals were undetected at
this time.

Corrective Action: During the IB disassembly and
inspection the actuator seals will be
replaced as required to correct the
leakage (reference 3). Additionally,
the oil level in the governor will be
checked during operation and monthly
during ESF readiness checks to

prevent recurrence of this problem.

(- e Start No: 202
-

Reason For Start: Trouble-Shoot ing*
*

Trip Indication: Overspeed
Causative Factors: Primary cause was again low oil in

the speed regulating gove rnor's
hydraulic actuator. Leaking seals
were not replaced, but the actuator
was refilled with oil and the problem

cleared. While this was a

trouble-shooting start, as sociated
with the voltage regulator problem
described in Start No. 58, no ESF
check was made.

Corrective Action: Because of the duplicate nature, the
! corrective action described in Start

No. 70 will be taken to prevent
recurrence of this problem.

L

While this falls under the criteria of " Invalid Failure To Start", Duke0

Power Co. believes that should this condition have existed in an

( operational mode rather than trouble-shooting, it would have produced a
" Valid Failure To Start". Therefore, it is being treated as such.

.. . _ - .. _ _ _ .. . -
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e Start No: 212

( Reason For Start: Trouble-Shooting *
Trip Indication: Failure to Reach 427 RPM in 11 Seconds2

Causative Factors: In an effort to rectify the
oscillations associated with the

voltage regulator problem,
adjustments were made to the speed
regulating governor and the fuel rack
linkage. Improper adjustment of the
rack linkage caused it to bind in the
no fuel pos it ion. Readjustment
corrected the problem.

Corrective Action: The fuel rack linkage is checked
during operation for freedom of

movement (Reference 2) and lubricated
semi-annually. This lubrication and
surveillance schedule should prevent
recurrence of this problem.

o See footnote, previous page.
.
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Diosol Gonorator 1 A L
' '

.

|
'

(
Total Start Attempts 120

,

, _

.

Valid Successf ul

Starts

Miscellaneous Starts 52 (43%)
(trouble-shootle:g,

-

warm-ups, etc.)'

'

64 (53%) ,

t

|

Valid Failures

indeterminate To Start

( 2 (2%)2 (2%)'

___..-_.__--.._-__-.__.-__._.._-.-____Fla._1.____-______..__________.____.
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Diesel Generator 1B
'

I ; Total Start Attempts 241
.

Valid Failures To Start

5(2%)

V'alid

Successful

Starts

55 (23%)

| Miscellaneous Starts
(trouble-shooting, warm-ups, etc.)

181 (75%)

.

k

i

Fig. 2.
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Documented Diesel Operating History
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REMARKS DETAILS

For 75018 (Diesel Generator 1A) .
e

Diesel Generator 1A was started to check operation prior to commencing1. Engine tripped on Low Turbo 011 Pressure after approximatelyExtended Run.Contributing factors were cold lube oil and the first2 minutes.
indications of turbocharger bearing failure. Turbochargers were replaced
later.

_ iesel Generator lA was started to check operation prior to commencing -n2. Extended Run. Engine started but after approximately 2 minutes, 4 trip
lights alarmed without the engine shutting down. The Operator then stopped
the engine manually. Problem was with the Control Air System which had
developed a small leak. This was corrected by I&E.

-

Diesel Generator 1A was started to check operations prior to commencing3.
Extended Run. Engine tripped on Low Turbo 011 Pressure after approximately

Contributing factors were cold 1.be oil and the first2 minutes.
indications of turbocharged bearing failure. Turbochargers were replaced
later.

Diesel Generator lA was started to check operation prior to commencing4.
Extended Run. Engine tripped after approximately 2 minutes because the

i Barring Device was not properly reset. Barring Device was reset. ,

While loaded to 7000 KW, the Right Front Turbocharger Lube Oil Drip Line5. failed at ferrule. The engine was manually shutdown to prevene oil spray.
The tubing was replaced by I&E under WR #80640PS.

While loaded to 7000 KW, the delivery valve holder on the IL Fuel Oil6. The engine was manually shutdown to prevent a fireInjection Pump cracked.
The entire Fuel Oil Injection Pump was replaced under WR #80950PS.,

hazard.
Engine

Diesel Generator lA was started to continue with the Extended Run.l 7.
tripped after approximately 2 minutes because of Low Turbo 011 Pressure.indications of turbo-Contributing factors were cold lube oil and the first,

charger bearing failure. Turbochargers were replaced later.
FrontWhile loaded to 7000 KW, a temporary modification to the Left8.

Turbocharger Lube Oil Drain failed resulting in an oil spill. The engine
While the engine waswas manually shutdown to prevent a fire hazard.

shutdown:

|
A. The turbochargers were replaced

-

B. A cracked cylinder head was replaced
C. Push rods were replaced with a newer version
D. A damaged rocker box assembly was replaced

The Diesel Generator lA was manually shutdown to allow for readjustment of
( valve lash following the push rod replacement.

I 9.
4 s

.
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10. The Diesel Generator lA tripped on Low Low Lube Oil Pressure shortly after
start. Suspect that operating error in swapping the Lube Oil Filters caused

{ this problem.

11. The Diesel Generator lA was manually shutdown to investigate possible water
loss from the Jacket Water System and the reason for excessive outlet
temperatures on Jacket Water and Lube Oil. These problems were subsequently
resolved by determining that the water loss problem was attributed to
misinterpretation of system instrumentation, and the outlet temperature
problem was attributed to defective thermocouples.

12. The Diesel Generator lA was manually shutdown to investigate excessi.e
outlet temperatures on Jacket Water and Lube Oil. This was corrected by -

replacing the defective thermocouples.

13. While loaded to 7000 KW, the Left Front Turbocharger Lube Oil Drip Line
failed at the ferrule. The engine was manually shutdown to prevent oil
spray. The tubing was replaced by I&E under WR #82890PS.

14. The Diesel Generator lA was manually shutdown to repair a crack in the Right
Front Turbocharger Aftercooler. The crack developed in the aftercooler
casing at the inlet flange. The aftercooler casing was replaced under
WR v3708MNT.

15. The Diesel Generator lA was manually shutdown to prevent a fire hazard. The
7L Fuel Oil Injector Line had developed an indentation on the ferrule ,which
allowed a fine mist of fuel oil to be sprayed out. The engine tubing

assembly was replaced under WR #83180PS.
.

16. The Diesel Generator lA shutdown shortly after starting. The problem was a
clogged fuel oil strainer. The strainers were swapped and this corrected
the problem.

17. The Diesel Generator lA failed to start after the Load Sequencer initiated a
start signal. The problem was a short in one of the Load Sequencer's relays
that failed to give a sustained start signal. The relay was replaced and
the wiring checked. A temporary modification to the wiring had caused the
short and this was corrected.

18. The Diesel Generator lA was started in order to calibrate the visicorder for
ESF Testing, when it shutdown after approximately 2 minutes. Investigations

revealed several loose fittings on the Control Air System which caused the
Spurious Trip. The fittings were retightened.

19. The Diesel Generator lA would not stay running for longer than approximately
2 minutes. No trip indication was being received. Investigations revealed

that the Timer /Not 9 module of the Shutdown Logic Board had drifted out of
t

calibration. Timer /Not 9 allows the swap over from the Group II Alarm
Lockout Circuit to the Group II Alarm Active Circuit. This pneumatic timer
was recalibrated and the problem was corrected.

(:
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REMARKS DETAILS

(
e For 75017 (Diesel Generator IB) -

1. Diesel Generator 1B Breaker opened due to reverse power relaying. First

indications of possible governor / voltage regulator difficulties.
Ultimately determined to be a defective voltage regulator and 3CR. Not
fully corrected until 6/21/84.

*

2. Diesel Generator 1B was manually shutdown because of excessive noise from
the turbochargers. Upon investigation it was revealed that a gasket on the
turbocharger had failed. Gasket was replaced later.

-

3. Diesel Generator 1B was started to troubleshoot the governor. Preliminary
adjustments to the governor caused to engine to trip on overspeed.

4. Diesel Generator 1B was started to troubleshoot the governor. Preliminary
adjustments to the governor caused to engine not to attain 427 RPM in < 11
seconds.

.

5. Diesel Generator 1B was started.to troubleshoot the governor. Shortly'

after start a fuel oil leak developed. Engine was manually shutdown,
subsequent operator error caused the Air Start Valves to open and bleed off
the Starting Air System. The fuel oil leak was repaired.

,

6. Diesel Generator 1B was started to troubleshoot the governor. Shortly
after start the operator noticed a low temperature reading on the IL
Cylinder. Engine was manually shutdown.

~.

; 7. Diesel Generator 1B was started by the Diesel Generator Load Sequencer in
;' response to an emergency start signal generated during the ESF Test.

Investigations revealed that the oil level in the governor actuator was low
which caused improper governor response. Oil was added to the normal level
'and the problem was corrected.

|'
8. Diesel Generator 1B started and all attempts to close-the breaker failed.

1

; As stated in Remarks Details #1 this was due to a defective voltage

( regulator and SCR. Adjusta.ents made to the governor seemed to help for a
|- short time. Problem finally resolved 6/21/84
t

f 9. Diesel Generator 1B started for governor troubleshooting purposes. After
start the engine tripped on overspeed. Investigations revealed that the'

oil level in the governor actuator was low. Refilling to normal oil leveli

corrected the problem.

10. Diesel Generator 1B started for governor troubleshooting purpose. Engine'
would not attain speed in required time. Investigations revealed that a'

"Heim Joint" on the fuel racks was not adjusted properly causing the racks
I to become bound in the no-fuel position. Adjustments were made to the

,.

joint and engine response was satisfactory.

| 11. Diesel Generator 1B manually shutdown by *:he Shift Supervisor because of
j oscillations in the voltage regulator. After evaluations were performed,

the oscillations were not considered to be detrimental, and the Diesel
,

I. Generator was approved for restart.

!
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.'
Diesel Generator 1B was manually shutdown due to a leak on the right bank12. aftercooler inlet jacket water line coming from a crack between the casing - *

Preliminary estimations of the cause of the crack wasand the flange.
The aftercooler was weld repaired and returned to service undervibration. In addition, both turbochargers were replacedWork Request No. 9822 OPS.

because of excessively worn thrust bearings caused by the inadequate
(Work Request No. 9794 OPS) A redesign of thepre-lube during starting.

turbocharger pre-lube system is currently in progress, which will provide a BAlso, the 7R fuel pumpgreater flow to the turbocharger thrust bearings.
was replaced due to low pyrometer readings on this cylinder (WR 2180 PRF).
This corrected the low temperature problems when the engine was restarted.

-

This occurred asDiesel Generator 1B tripped on low lube oil pressure.13.
operations personnel were attempting to change the lube oil strainers while
the Diesel Generator was on line. ,

While the engine was down, the SL fuel injection pump was replaced due to
At the same time,

low pyrometer readings on this cylinder (VR 2259 PRF).It was determined thatthe 5L fuel injector was checked under WR 2262 PRF,
the injector was the cause of the problem rather than the fuel injection

The injector was replaced. It was noted that a 1/2" capscrew on the
pump.
right bank starting air distributor was sheared of f. This capscrew was

replaced under WR 10023 OPS. The probable cause of the capscrew failure
was engine vibration.

~

Diesel Generator 1B was started and stopped several times during this( 14.
period while repairing and adjusting the voltage regulator.

.

15. Diesel Generator 1B was manually shutdown for ESF test.

Diesel Generator 1B was manually shutdown to repair a fuel oil line leak at16.
the filter. A damaged ferrule was replaced under WR 10152 OPS.

17. Diesel Generator 1B was manually shutdown for ESF test.

Diesel Generator 1B was manually shutdown because of jacket water leaks in18.
cylinder heads 8R, 7R, and 4L. 8R cylinder head was replaced. Cylinder
heads 7R and 4L were considered to be acceptable leaks, not detrimental to

The cause of the crack in the SR head is currently underthe engine.
investigation.

19. Diesel Generator IB tripped on Low Turbo Oil Pressure. Investigations

revealed that the Lube Oil Strainer was dirty. Upon swapping to the other
strainer, pressures returned to normal.

.

@
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4ugust 1. 1984 h (_.

:~ - -

~

Mr. Harold R. Denton, Director j y,*Office of Nuclear Reactor Regulation .; 'u
U.S. Nuclear Regulatory Commission k. ${,'

*Waebington, D.C. 20535 c. ' r-
$ r7 3*

. .

E"

* *Attention: Hs. E.G. Adensam, Chief *

Licensing Branch No. 4

Ra: Catawba Nuclear Station
Docket Nos. 50-413 and 50-414

Dear Hr. Denton: .

This letter le in repoose to several TDI emergency diesel engine issues
; aised by NRC and Battelle personnel during a visit to the Catawba .' Huclear

[ tat ion on July 26, 1984. The attachment contains responses promised by'

avaust 1,1984 and commitment dates for responses to the remaining items.

Please call me if I can be of further service.
t

| V,:ry truly yours,
i

/'f$1'
Hal B. Tucker, Vice President *

Nuclear Production
* '

NBT JG: ram

Attachment

Mr. James P. O'Reilly, Regiojaal Administrator Palmetto Alliancecc:
U.S. Nuclear Regulatory .Cosemission 2135 1/2 Devine street
Region II Columbia, S.C. 29205
101 Harietta Street, NW, Suite 2900
Atlanta Georgia 30303

|

1

|

| -

|
_.. , . _ _ . . _ , _ . _ _ , _ _ _ _ _ . . . _ . - , . _ _ . _ _ _ . _ _ _ . . - . , , _
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August 1,1984 -

Hr. Harold R. Denton
Page 2

f
cc: NRC Resident Inspector n '

Catawba Nuclear Station

Robert Guild, Esq.
Attorney-a t-Law
P.O. Box 12097
Charleston, South Carolina 29412

Nr. Jesse L. Riley
Carolina Huvironmantal Study Croup
854 Henly Place *

Charlotte, Horch Carolina 28207

Walt Laity ~

Pacific Northwest Laboratories
P.O. Box 999
Battelle Blvd.
Richland, Washington 99352

C.H. Berlinger
DNR, U.S. Nuclear Regulatory Commission -

Washington, D.C. 20555

[
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Attschment i
August 1, 1984 |

'

t
[ RBSPONSES TO HRC QUESTIONS AHD RECOMMENDATIONS AT JULY 26, 1984 NEATING AT

CATAWBA HUCLEAR STATION CONCERMING DIBSEL ENGINES

1. JACKET WATER 8YSTEN DEPOSIT 8 -

.. . .. .. . . ...

MAEp Battelle expressed concern regarding the deposite noted in the 18
diesel jacket' water system in areas exposed by removal of cylinder
liners. Duke Power agreed to review this concern and advise NRC of the
action planned. In regard to these deposits.

Discussion: Duke Power has reviewed the deposits in the jacket water
system. We conclude that the type and amount of deposits in the system
are normal and are not a cause for concern. Host of the deposits are
covered with the same gray film that covers the surfaces of the -

eystem,which it.dicat e s that the deposits are not fresh. The amount of the
deposits' is small such that there appears to be no danger of the
deposita interfering with proper cooling water flow or leading to
cylinder liner sealing difficulties.

Jacket water system parameters have not shown'any evidence of flow
resistance increase, nor have engine temperatures. This supports our
conclusion that the deposits are not a cause for concern.

We have also discussed this situ'ation with TDI .(Hr. H. Lowrey). TDI
( indicates that the deposits in the IB diesel are normal and not a causefor concern. The deposits are believed to be due to original

manufac ture and not due to operation. TDI noted that quantity of
deposita in the IB diesel is less than normally observed.

Baseense We will remove the deposits exposed by removal of the four
cylinder liners that are now out of the IB engine. We will also clean

deposits esposed by removal of any additional cylinder liners that-out

as a removed for other reasons. Bowever, removal of cylinder linera
specifically for the purpose of cleaning the jacket water ayates is
not planned.

2 LUBE OIL SELECTION- 0

.

| Riat Battelle pointed out that improved grades of lubricating oil are
- available and are now recomunended by TDI; Batte11e' recommended that one

of these improved alla be used.

Be a cona e_: We will use ons.of the improved grades of lubricating oil par
i TDI's' latest lube oil reconsnandations. The specific grade we will use

is Nobilgard 412.
'

hr Tro-Wr SD
(
.

3

.-_ --
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3. EXHAUST GA8 TBHPERATURES *
,

114a: Battelle recommanded that one thermocouple be installed per
turbocharger on each diesel to permit rout'ine monitoring of exhaust gasI temperatures at the location where the exhaust gas manifolds attach tothe turbochargers. This should utilize a permanently installed system.
In addition, Battella wants to obtain, in the near future, exhaust gas
temperature measurements at 25, 50, 75 and 100% of full power.

Resnonse Duke Power will measure exhaust gas temperatures at 25, 50,
75 and 100% power during return to service testing of the IB die'sel.
This will be performed using temporary equipment which will be removedfollowing complation of these tests. In addition, permanently installed
equipment to measure exhaust gas temperatures at the turbocharger inlets
will be installed at the first refueling.

4. L1HK EOD BUSHINGS

Itant NRC consultants recommended that all IB diesel link rod bus'hings
be removed and examined to ensure that excessive scoring or other damage
has not occurred.

Resnonset Duke Power will disassemble all IB diesel link rod to master
rod connections and inspect the link rod bushings.

S. colmECTING ROD BEARINGS

11.gn: The NRC requested that the 1A.DIESBL bearing shells that were
replaced be identified.

I

Reseonse: The upper and lower shells (6- total) were replaced .on
connecting rod bearings 5, 6, and 7. It should be noted that one of the

~

6 shells had not been rejected by RT, but was replaced as part of a sec.
i 6. WRIST PIH BUSBINGS

Ilam: Battelle asked to be advised as to.which specific bushinge on
diesel 1A had been found to be slightly oversize.

| Bannonse: Detailed review of the piston pin bushing to piston pin
clearances has shown that all of the clearances meet the TDI technical
manual limit of 0.015 inches for new parts, and have substantial margins

the clearance of 0.020 inches allowed for used parts in the engine.to *

Pour piston pin bushings were inspected, with the following results:

Cylinder No. Piston Pin Bushing Piston Pin Hessured Clearance
I.D., Inches 0.D., Inches Inche's

IL 6.7618 6.7490 0.013
5R 6.7610 6.7498 0.011
8L 6.7611 6.7492 0.012
8R 6.7607 6.7491 0.012

.

I4

-

~

.

.
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In summary, the statement in Appendix A of our June 29, 1984 report for
Part No. 02-340A that three piston pin bushings exceeded new
tolerances by 0.002 inches (but met TDI roepamended wear allowances)partwas

( not completely correct. In fact, all of the four bushings which were
inspected meet both new and used part tolerances.

.

7. LINK ROD BOLTS

JJ,. int Battelle recommended that these bolts be retorqued on diesel IB.
*

Resnonse These bolts will-be retorquad. This will .be done as part of '

reas sembly following the link rod bushing , inspections discussed iu
Section 5 above.

8. LOAD PICEUP

JL.ta! NRC requested that they be provided with graphs showing the time
history of load pickup by the diesel generators. -

Rennonse: Time history load profiles were provided to NHC in the
bandouts for the Duke /NRC meeting on March 21, 1984. We understand from
recent telephone discussions with HRC (H. Hiller) that furtherinformation is not required at this time.

NOTES

I

As agreed during tbs July 26, 1984 meeting, the following responses are
scheduisd fo. later transmittal to NRC

Subjact Da.1, RA13.

9. REPIACEMElff 0F TURBOCHARGER BRARIRGS October 31, 1984
(Notification that task has been completed)

10. REVISIGH TO LUBE OIL TEMPERATURB AND August 19, 1984
PRESSURE OPERATING VALUES

11. IDENTIFICATION OF SERIES (TYPE) 0F August 8,1984
CYLINDER HEADS USED *

|
|

,

|
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IDUKE POWER ConrAxy.

P.O. DOX 33189
CIIARLOTTE, N.C. 28242

HALD. TUCKER TE LEPH ON'E
m e e ===inen (704) 373-4531

= t u r a = r =ooi c rm s *

Mr. Harold R. Denton, Director
Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

Attention: Ms. E. G. Adensam, Chief - .

Licensing Branch No. 4

Re: Cata',vba Nuclear Station

Docket Nos. 50-413 and 50-414
.

Dear Mr. Denton:

On March 21, 1984, representatives from Duke Power Company and the NRC Staff
met at your offices in Bethesda, Maryland to discuss Duke's propos_ed_ program
for resolution of the TDI diesel generator issue for Catawba. At the concl'usion
of this meeting, Duke cbimiitte'd'to ' provide a~ t/ritten description'of the

~

Extended Operation Tests and the Inspection Plans for the 1 A and 1B diesel
generators." These descriptions are attached. Also attached is a descri tion3of the generic and site specific problems experienced at Catawba

I Very truly yours,
..

M M--~[f,c

Hal B. Tucker

ROS/php

Attachment

cc: Mr. James P. O'Reilly, Regional Administrator
U. S. Nuclear Regulatory Commission
Region II
101 Marietta Street, NW, Suite 2900
Atlanta, Georgia 30303

NRC Resident Inspector
Catawba Nuclear Station

.

Mr. Robert Guild, Esq.
'Attorney-at-Law

P. O. Box 12097
Charleston, South Carolina 29412
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1- . Mr.~ Harold R. Denton, Director
' April 5, 1984.

Page 2

. .,

cc: Palmetto Alliance ~

21351 Devine Street - .-
Columbia,-South Carolina 29205

Mr. Jesse L. Riley
. .

Carolina Environmental Study Group
854 Henley Place
' Charlotte, North Carolina 28207
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Catawba Nuclear Station

.(-
Extended Operation Tests and Inspections

of
Diesel Generatorse
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1. Introduction

..~-

Concerns have been raised regarding the design and component integrity ,
,

of diesel engines manufactured by Transamerica Delaval, Incorporated (TDI).

Catawba Nuclear Station employs TDI diesels;as safety grade power supplies.

Specifically, Catawba has two TDI diesels, Model DSRV-16-4, per unit. In this

report the Catawba Unit 1 diesels will be identified as "1A" and "1B".

Duke Power Company has developed a program to verify the rel'iability

of the TDI diesels installed at Catawba. The overall purpose of the

program is to demonstrate that the Catawba TDI diesels can reliably perform

their intended safety function, and that no technical reasons exist for not

licensing Catawba Nuclear Station for power operations. Specifically ,the

>( program consists of three basic parts:

o Participation in a TDI Owners Group Program that was formed to

investigate the concerns and formulate corrective action plans to

address these concerns,

o Successful completion of regulatory requirements relating to the

diesels.

o Successful completion of an extended operation test and an extensive
' inspection program of the Catawba diesels.

,

In reviewing the operating h,istory of similar Model DSRV-16-4 diesels
r

it was noted that few of the nuclear service engines have significant

operating hours. In addition, it was noted that some of the ccmmercial

engines with significant operating hours had operating loads and duty
,

cycles significantly more severe and damaging than those expected for the-
,

| Catawba diesels. Therefore, in order to expand the nuclear service data

i
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base for Model DSRV-16-4 diesels Duke Power Company operated the 1A diesel

( generator at Catawba to accumulate over 810 hours of documented running

time at loads well in excess of that needed for emergency power

requirements.
.

The extended operation test was structured as an operational test run

at loads equal to or greater than the required emergency power load to
'

demonstrate the ability of the Catawba diesels to operate in a reliable

fashion. The last operating period of the extended run test was a sus-'

t3 ned run of over 7 days in' duration. Thedisassemblyandinsp[tetionoff

the 1A diesel following this extended operation test will confirm the-

adequacy of the engine parts' materials and critical dimensions or identify

any deficient parts. The engines' ability to successfully sta'rt and pick

up load'has been extensively demonstrated during preoperational testigg and

there is no experience to date that suggests this ability is in question.,.

The extended operation test has also served to demonstrate the fatigue

resistance of the Catawba diesel parts. The 810 hours of operation has

7subjected the major parts of the engine to greater than 10 stress cycles,
* and has served to demonstrate the fatigue life capability of the engine

parts. A 4-cycle engine like the DSRV-16-4 is subject to a major stress

cycle, compression and expansion, every 2 revolutions. The rated running
7speed for these engines is 450 RPM.- Thus, to acquire 10 of these stress,

I cycles, the engine had to run for approximately 740 hours; since about 810
7operating hours have been accumulated, more than 10 cycles have been

7experienced. The ability to operate 10 stress cycles at the required load
,

is generally accepted'as a means to empirically demonstrate that mechanical

parts made of carbon or low alloy steel have essentially indefinite fatigue>

1-2
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o

i - lif time for the required load condition; thus, Catawba 1A diesel

( cecnanical parts loaded by firing cycles can be considered as having proven
~

acce; table fatigue lifetimes.
i -

This report describes the diesel 1A extended operation test,and its
i

resuhs, and describes the inspection plan to be used for the 1A diesel. The;

propcsed extended operation test and inspection plan for the 18 diesel is also .

described.
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2. Summary j

&

The extended operation test demonstrated that the' Catawba 1A diesel is

capaole of sustained operation at high loads. The extended operation test

subjected the major parts of the engine to over ten million stress cycles,

to empirically demonstrate an adequatI fatigue life for the engine parts.

During the extended operation test the engine's operating parameters were
~

closely monitored to detect any degradation in engine performance. No

engine degradation was detected and the last test period involved contin-

uous diesel engine operation for over 7 days.

An extensive inspection program is presently underway for' the 1A !

diesel t6 verify the mechanical reliability of the Catawba engine. The
,

scope of the inspection includes all engine parts that could cause failure,,

of the diesel, degradation of diesel performance, or failure of a part that

eventually would cause failure of the diesel. The inspection methods being
.

1.,

employed include visual, nondestructive examination (liquid penetrant,

magnetic particle, eddy current, ultrasonics, and radiography),
,

dimensional, material properties (material comparison, verification and'

hardness), and other special methods (torsiograph, as-found bolt torque,

reassembly bolt torque).
*
.

The inspection plan is based upon:

o Inspection of engine parts identified as one of the generic

problems by the TDI Owners GEoup. '

o Inspection of engine parts recommended by the TDI Owners Group,

o Inspection of engine parts relating to Catawba engine specific

( failures.
.
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Inspection of general engine parts to evaluate wear patterns.o-

The Catawba inspections are being performed in accordance with written

Catawba procedures and are being controlled under the Duke Power Quality
~

Assurance Program. .
,

The Catawba 1B diesel will begin an extended operation test to expand its

running time under high load conditions to at least 750 hours in the near

future. Following completion of the extended operation test an inspection

program will be initiated. The scope and extent of that inspection will be

based upon the results of the 1A diesel inspection and inspectio6s of other

TDI emergency diesels.'

Successful completion of the extended operation tests and the extensive

inspections of the Catawba 1A and IB diesels will demonstrate their

capability to serve as safety grade equipment for the Catawba Station;

P,..
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3. Extended Operation Test Program

(
.

3.1 Purpose

The purposes of the extended operation test program are to:

o Demonstrate that the Catawba 1A and 18 TDI Model DSRV-16-4 diesels

are capable of sustained operation without major failures (e.g.,

failure of crankshaft, pistons, cylinder liner).
7o Subject the major engine parts to over 10 stress cycles to

empirically demonstrate the fatigue capability of those parts.
'

o Identify any beginning of life engine or break-in type failures

that will occur with this type of diesel. These " break-in"

failures typically occur early in life in all machinery, ev,cn well

... ( designed and constructed machinery.

o Expand the data base for DSRV-16-4 operation in emergency power

service,

o Verify the suitability of modifications made to the Catawba diesel.

3.2 Extended Operation Test Description

The test run for diesel 1A extended its documented run time to over

810 hours. The controlling Catawba plant procedure for surveillance

of the 1A diesel test was TP/1/8/1100/03, " Diesel Generator 1A
,

.

Extended Run". The Catawba Nuclear Station procedures that control

diesel operation are:
'

o OP/1/A/6350/02, " Diesel Generator Operation"

o OP/1/A/6550/02, "0/G Lube Oil"

o CP/1/A/6550/01, " Diesel Generator Fuel Oil System Operation"

3-1
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The extended operation test planned for diesel 18 will extend its

(
'

documented run time to at least 750 hours. Its controlling surveil-
.

lance and operation procedures are the same as identified above for '

diesel IA. The surveillance procedure used during the extended run
,

provides for the following data collection:

o Vibration data from thirty points around the engine base and near
,

the turbochargers taken daily,

o Lubricating oil samples taken daily from the Lube Oil Sump System

before filtering. Daily tests to be made for percent w'ater and

viscosity.

o Fuel samples taken from each tanker unloaded (approximately 2 to 3

tanker trailers every two days). Each sample is tested for water

and sediment content, and specific gravity. Samples are drained

from the day tank hourly to visually inspect for water., , .

o Engine parameters such as load, exhaust temperatures, lobe oil

pressure, etc., monitored continuously and recorded hourly,

o Problems encountered during engine operation are documented listing
4

immediate action taken, proposed long term action, and to what
P

extent the run was interrupted.

3.2.1 Vibration Analysis

Vibration data is taken at the following thirty points using
..

either t'he Nicolet Spectrum Analysis System or the TEC
:

Monitoring System, or both systems every day until the run is

completed. Data is not taken unless the engine has been

running a minimum of six continuous hours during a normal work

day.

.

I
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Point Description

( H01 Horz Generator Pedestal Bearing
V02 Vert Generator Pedestal Bearing.

A03 Axial Generator Pedestal Bearing
H04 Horz Base LB at Cylinder-8L
H05 Horz Cam Cover Base at Cylinder-8L
H07 Horz Cam Cover Base Between cylinders 4L & 5L
H08 Horz Base LB at Cylinder-1L
H09 Horz Cam Cover Base at Cylinder-1L
A10 Axial LB Cam Cover Housing (Engine Front)
All Axial RB Cover Housing (Engine Front)
A12 Axial Crankshaft Gear Housing (Engine Front)
T13 Turbocharger LB Horzontal on Turbo '

T14 Turbocharger LB Vertical on Support Base
TIS Turbocharger Front Support Bar LB at Intercooler
T16 Turbocharger RB Horizontal on Turbo
T17 Turbocharger RB Vertical on Support Base
T18 Turbocharger Front Support Bar RB at Intercooler
H19 Horz Sub-Base RB at Cylinder-8R
H2O Horz Cam Cover Base RB at Cylinder-8R
H21 Herz Sub-Base RB Between Cylinders 4R & 5R
H22 Horz Cam Cover Base RB Between Cylinders 4R & SR,

! H23 Horz Sub Base RB at Cylinder-1R
H24 Horz Cam Cover Base at Cylinder-IR

'

,'

V25 Vert Block RB at Cylinder-1R
'( V26 Vert Block RB Between Cylinders 4R & SR'

V27 Vert Block RB at Cylinder-8R
V28 Vert Block LB at Cylinder-8L
V29 Vert Block LB Between cylinders 4L & SL
V30 Vert Block LB at Cylinder-1L

Base line vibration data were established for both the Nicolet

and TEC systems.

On a daily basis the TEC system is used to monitor all 30

points. This data is reviewed by a Maintenance Engineer

trained in vibration analysis. If a significant change is
.

detected in any of the parameters, then the Nicolet system is
,

used to monitor the point in question to confirm the

significant change, A comparison plot is then prepared between

the Nic'olet Baseline Data and the Nicolet Data to document the

significant change.

33
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The vibration monitoring test equipment consists of:-

( o Nicolet System
'

Nicolet Scientific Corporation Model 446A " Mini Ubiquitous" |

FFT Cceputing Spectrum Analyzer with a range of 1 Hz to
,
.

100,000 Hz. .

1 o TEC System
,

! TEC Monitor Model 1310 (EXP) Smart Meter System consisting

i of:
'

TEC Accslerometer Model 154 (S/N 113) wfth a range of 5 |-
,

Hz to 10,000 Hz and a 100 Hz sensitivity of 103
:l;

1 millivolts /"g". I
t

,

*

Comparison and plots are provided by the "!NTELLI-TREND"1 -

i

software package written by TEC (January 1984)_for an IBM !
;

I,,,( Personal Computer.

|~ o Teac R-61 Digital Data Acquisition System using three (3) {
! [

IRD 544 Velocity Pickup Probes with a range of 12 Hz to 1000 :

Hz and an output of 764 1 10 millivolts RMS/per inch per*

second. .

3.2.2 Lube Oil Samples'

'

Lube oil samples are taken to show that the oil still has those
i

| properties necessary to provide proper lubrication. Daily ;

,.,

samples are taken from the lobe oil symp system at some point ;

/ r

After the oil leaves the engine but before it is filtered, fi

These samples are tested for percent water content and for ,
.

J

I viscosity por Catawba procedures CP/0/A/8100/23 and
I

j CP/0/A/8100/24 (0paque Method), respectively. A log of the |

(.

r
'

34
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results cepied from the chemistry lab results log book is
''

included in the surveillance procedure documentation package.
I,

.;

3.2.3 Fuel Oil Samples

Fuel oil samples are taken to show that the fuel , meets industry

and company standards for Number 2 Diesel Fuel Oil.
.

Because the main fuel oil storage tanks cannot be recirculated

whilethefueloilsyhtimislinedupforenginerunsand

because of the inventory turnover required for this continuous

run, the samples taken from the tanker for delive'y acceptancer

will very closely represent the contents of the main storage
~

tank and therefore provide a suitable means for monitcring fuel
#oil supply to the diesel.

Fuel oil samples are taken from each tanker to be unlo.aded.
.

.., ( The samples are a composite of all compartments of the tanker.
~

The fuel is tested on site for specific gravity and water and

sediment per Catawba procedures CP/0/A/8100/10 and

CP/0/A/8100/26, respectively. The test results are obtained

and found satisfactory before the fuel oil _is unloaded. A log
.

of the.results copied from the chemistry lab results log book

is included in the surveillance procedure documentation package.

Fuel oil is drawn from the bottom of the day tank once during

each hour the engine is running and is inspected for obvious

water and sediment. If significant quantities are found, the

Test Coordinator is notified for evaluation. .

.

(
~ \,
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3.2.4 Engine Parameters

(- Engine operating parameters are monitored throughout the

extended operation test. A number of engine operating temp-

eratures are recorded on strip charts as part of normal diesel ,
,

operation. Other parameters are recorded hourly.

The temperatures recorded on,the strip chart are:

o Exhaust Temperature of each of the 16 Cylinders
o Jacket Water Temperature In and Out of the Engine
o Lube Oil Temperature In and Out of the Engine
o Intake Air Temperature In and Out of the Right Bank

Aftercooler
o Intake Air Temperature In and Out of the Left Bank

Aftercooler

The parameters recorded hourly are:

o Generator Volts
o Generator Amps
o Power Factor

'

o Generator Load
,, ( o Generator Stator Temp.

- o Lube Oil Pressure
~

o Lube Oil Filter Differential Pressure .

o Right Bank Turbocharger Lube Oil Pressure
o Left Bank Turbocharger: Lube Oil Pressure
o . Fuel Oil Pressure
o Fuel Oil Filter Differential Pressure
o Jacket Water Pressure

Ri ht Bank Intake Manifold Pressureo g
o left Bank Intake Manifold Pressure
o Lube Oil Tank Level

Exhaust Temperature of each of the 16 Cylinders (Same aso
recorded on strip chart)

o Right Bank Exhaust Temperature
o Left Bank Exhaust Temperature

The engine operating parameters are reviewed on a daily basis

by the Operations Shift Supervisor and the Test Coordinator to

identify any significant changes in operating parameter values.

All sicjnificant changes are documented in problem reports.

I'
k
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3.2.5 Problems Encountered

( Any problems encountered during operation are documented in

Significant Problem Reports. As appropriate, a "Non-Conforming
,

Item" (NCI) report may also be initiated for the problem as

covered by the Duke Power Quality Assurance Program. The

Significant Problem Report will contain, as appropriate, a

description of the pro'bl'em, the immediate action taken,

proposed long term action, the extent the run was interrupted,
.

and the NCI report number.
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- 4. Results of Diesel 1A Extended Operation Test

( a

The 1A diesel extended operation test.was initiated on January 25, 1984,
:

and was successfully completed on March 9, 1984. During that time period the

engine operated about 613 hours of documented run time. That time added to

the 197 hours of run time accumulated prior to the extended run test results in

a total documented run time of about 810 hours for the 1A diesel. The follow-
~-ing information' summarizes the test run results.

4.1 Operating Profile

The Catawba TDI DSRV-16-4 diesels have a rated load of 7000kw. The

maximum' calculated emergency diesel generator load under blackout

conditions is 5714kw (the engines have about anl8.4 % margin in load
,

.

capability). During the extended operation test, the engine was operated>

._. (.
at loads in excess of the required 5714kw approximately 97% of the test

period. Specifically, during the last,390 hours of documented extended

run test period the generator load was in excess of 5800kw 96% of the

operating time. Figure 4-1 illustrates, for the last 390 hours, the

diesel 1A operating profile with a bar chart that indicates the percent of

diesel o.perating time the diesel generator load was in excess of the

specified load. The diesel load was calculated based on generator volts,

amps and power factor. .

:

4.2 Vibration Analysis

The daily vibration plots were compared to the baseline plot to .

identify any abnormal or significant changes in vibration levels, any

longer term trends in vibration levels, or any other anomalies.

-During the extended operation test period no abnormal or significant

changes in vibration levels or trends were identified.
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4.3 Lube Oil Analyses

The daily samples of lube oil were tested for viscosity and water

content. All analyses showed acceptable values for lube oil water

content and viscosity.

4.4 Fuel Oil Analyses

^

The samples of fuel oil from the delivery tankers were tested for

specific gravity and percent of Niter and sediment. All analyses

showed acceptable values for fuel oil specific gravity and percent of
.

-

water and sediment.

The hourly samples of the fuel oil day tank typically showed no water

was present. Any small amount of water present 'as drained by the
'

operator.
,

4.5 Operating Parameters

,, { The diesel operating parameters, both on the strip charts and log

sheet, vere reviewed each day to ascertain significant or abnormal

changes and to look for trends in the data indicating gradual

degradation of the engine. With the exception of two cases, no

significant or abnormal changes or data trends were detected in the

operating parameter reviews. The two cases of significant trends in

data were:

o A slowly increasing jacket water discharge temperature was detected
.

starting just past midnight on February 18, 1984. The jacket water

temperature increased from a normal value of about 170 F to about

200 F. In addition, the temperature would sometimes jump from -

200 F to 250 F rapidly. After an investigation, a defective

4-2
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thermocouple was found and replaced. This resulted in the c

( indicated jacket water temperature returning to a normal value of

about 170 F.

o Over about a 20 hour period on February 27,1984, the 1ube oil
,
,

pressure to both the right bank and left bank turbochargers slowly

decreased from a normal value of about 22 to 23 psig to about 18.5

to 19 psig. After an investigation, the lube oil pump inlet

strainer was found to be plugging. Cleaning the strainer resulted
'

in an immediate return to normal lube oil pressures. No damage to

the turbochargers was sustained.

4.6 Problem Reports

Several problem reports were generated during the course of the

extended run test. These reports covered the following engine parts:

'o - ' ~ Pushrods

_o Fuel line fitting

.. o Turbocharger thrust bearings '

-o Cylinder head
0

o Fuel injection pump valve holder ,

o Turbocharger prelube oil lines
/

-c Turbocharger adapter (to the intercooler)

o Lube i.il and jacket water thermocouples
,

4 Crankcase cover capscrews :
:

c' Subcover (rockerarm) assembly

o Turbocharger lube oil drain line -

o Turbocharger exhaust mainfold mounting bolts.

urther discussion of.these problems is given in section 7.

( _ 4- . # -
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5. Inspection Plan for Catawba Diesel 1A

_#

.

A comprehensive inspection plan has been developed for the Catawba .
,

Diesel 1A. The inspections follow the extended operation test of diesel 1A and

were started on April 4, 1984.

5.1 Objective of Inspection Plan

The primary objective e;f the Catawba 1A diesel inspection plan is to

verify the mechanical reliability of the specific parts and components

of the Catawba 1A diesel following approximately 810 hours of diesel

operation at high loads. This objective will be met by verifying the

following:

The parts are free from deleterious conditions, such as crasks,o

.( excessive wear, pitting, distortion, etc.

The parts have critical dimensions in agreement with the originalc

design (taking into account normal wear).

o The materials of construction are suitable for their intended use.

5.2 Bases for Inspection Plan

The Catawba 1A diese". inspection plan is based upon the following:

Inspection of engine parts relating to the 16 generic TOI dieselo

problems identified to the Nuclear Regulatory Commission. These

engine parts will be inspected to either verify that no similar
,

problems exist with the Catawba OSRV-16-4 diesel, or identify and

quantify the nature and extent of the the 1A diesel problems.
'

Inspection o'f engine parts recommended by the TDI Diesel Ownerso

Group. These recommended inspections cover the critical parts of

(' the diesel, i.e., those parts whose failure could result in failure

5-1
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or' degradation of the diesel. The type and extent of inspection

( , methods are based upon TDI diesel operating and failure experience.

Inspection of engine parts relating to the Catawba engine specifi_co

failures and problems based on past Catawba ' operating. experience.

In some cases they involve engine parts that are not considered

critical (i.e., Class C as defined in section 5.3).

o Inspection of engine parts based on engineering judgement and

evaluation of wear patterns.
.

5.3 Scope of Inspection Plan

The 1A diesel inspection plan will include all of the critical
.

components and parts of the diesel and associated systems that were

supplied by TDI to Catawba. The TDI Owners Groep has classified

engine components according to the foilowing:
'

,,
,

2. ( Class Importance of Component Failure

A Fsilure can result in shut down of the diesel.

B Failure can result in reduced capacity of the diesel or
result in eventual failure in a Class A component

C Failure does not significantly impact'the ability of
the diesel to meet its load requirements

The Catawba 1A diesel inspection plan includes all Class A and Class B

components. In some cases Class C torponents are also included in the

inspection plan.
'
.

.

4

6
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Table 5-1 identifies all the parts in the Catawba DSRV-16-4 diesel,

( the part's classification, and extent of inspection. The extent of
.

inspection of each part is dependent upon the part's importance to
,

operation and to its failure history in Catawba's'and other.TDI
,

,

diesels.

5.4 Inspection Methods

A variety of inspection methods will be employed to examine the

Catawba DSRV-16-4 diesel parts. Each inspection method is selected
.

based upon:

o The probable failure mode of the part and the probability of the
inspection method to detect it.

o The attribute being determined.
o Results of previous inspections.

The specific inspection methods to be employed include the following:
~~

Visual - Examine for:

.-- ( o Wear and wear patterns
o Surface distress
o Cracks
o Freedom of motion '

o Corrosion / erosion
o Foreign material
o Proper fitup
o Gasket leaks
o Proper lubrication
o As-built verification of system piping configuration and support

Dimensional Measurements - Examine for:

o Absolute value of critical dimensions
'

o Clearances
o Comparative values of identical parts :

'

o Verification that proper parts are used
o Proper fitup of mating parts

'

tiondestructive Examinations

o Liquid penetrant and magnetic particle - Examine for:

(,
- Cracks and discontinuities

Material distress-
i

I Material inteority-

!
;
|
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o Eddy current - Examine for:

('
- Cracks and discontinuities not inspectable by liquid penetrant

or magnetic particle because of physical configuration or.;

surface condition

o Ultrasonics - Examine for:

Wall thickness of parts-

- Depth of cracks (as appropriate)
- Volumetric examination of material integrity

o Radiography - Examine for:

- Volumetric examination of material integrity

Material Properties - Examine for:
'

o Comparison of engine materials to materials of known composition
and properties by use of a material comparitor

o Verification that proper non-metallic materials are being used for
gaskets, seals and couplings by visual methods and documentation

3' review
o Material. hardness

=SpecialtInspections

'( o Torsiograph
o As-found torque values for bolted or screwed connections

Proper. torque values are used during reassembly of bolted,o
.

screwed or compression connections

5. 5 Inspection Test Plan

A summary of the inspection test plan for the Catawba 1A diesel is

given in Table 5-1. Each engine part or component to be inspected is

listed together with the part number, part classification and the
,

!

sample size to be inspected for each inspection method being employed.
.

All Class A and B bolted or screwed connections will have their as-

( found and reassembly torque values verified and documented, hence this
P

is not listed separately in Table 5-1. Also not listed in Table 5-1 .

L

is the general visual inspection of all parts during disassembly and

reassembly of the d'esel.

5-4
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The Duke Power Company, Nuclear Production Department Administrative

Policy Manual will be used to control all work done on-site at Catawba

Nuclear Station. Specific Catawba Station procedures have been developed

for all disassembly, inspection, testing and reassembly' operations and ar,e

listed below. The Duke Power Quality Assurance Program will be used to

control and audit all phases of the diesel inspection program.

Disassembly and Reassembly

MP/0/A/1000/01 Cylinder Head and Associated Parts
MP/0/A/1000/02 Pistons, Rods Ond Cylinder Liners

.

MP/0/A/1000/03 Main Crankshaft Bearing
MP/0/A/7400/01 Fuel Pump
MP/0/A/7400/40 Turbocharcu-

Insoection

MP/0/A/1000/04 Cylinder Heads and Associated Parts
MP/0/A/1000/05 Pistons, Rod's, Bushings and Shells
MP/0/A/1000/06 Crankshaft, Main Bearings and Turning Gear

"
MP/0/A/1000/07 Idler Gears and Pump Drive Gears

r MP/0/A/1000/08 Gear Case Gasket and Bolting'( MP/0/A/1000/09 Fuel Pump and Fuel Pump Linkage
MP/0/A/1000/10 Lube Oil System, Piping and Sump
MP/0/A/1000/11 Cylinder Block, Liner and Jacket Water
MP/0/A/1000/12- Starting Air Distributor
MP/0/A/1000/13 Jacket Water Pump
MP/0/A/1000/14 Camshaft and Gear
MP/0/A/1000/15 Intake and Exhaust Manifold
MP/0/A/1000/16 Governor and Overspeed Trip
MP/0/A/1000/17 Flywheel and Bolting
MP/0/A/1000/18 Turbocharger and Intercooler

5.6 Insoection Team

The inspection team will consist of primarily Duke Power Company (DPC)

personnel supplemented by others as necessary. ,0rC craftsmen will
,

perform the actual engine disassembly and reassembly. DPC technicians

and engineering staff personnel will perform the inspections and *

provide the administrative support for the inspection program. Other

,

members of the inspection program team include:
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Failure Analysis Associates - Eddy current testing and torsiographo

installation and testing.

Stone and Webster - Provide interface between DPC and Owners Groupo

and materials comparison testing.

o Dominion Engineering, Inc. - Provide on-site assistance in the

inspection effort and prepare final summary inspection report.
'

Gustafson Associates - ProEide on-site assitance in the inspectiono

effort.

.

O

6

.

.

*

.

b

%
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Table 5-1. Catawba Diesel 1A Inspection Plan Matrix
.

Sample Size, Percent of Engine Parts Inspected
Surface Vol.

Part Name Class Part No. Di$en. Visual NDE N0E Material Hardness Notes
t-

Lube Oil Pressure Regulating Valve' A 00-420 To be developed (Note 8)
Main Bearing Cap Base Assembly A 02-305A 30 - - - - --

Main Bearing Studs and Nuts A 02-305C 10 30 - - - - -

Main Bearing Caps A 02-3050 - 30 30 - - - -
'

Lube Oil Internal Headers A 02-307A 100 - - - - --

Lube Oil Tubing and Fittings-Internal A 02-3078 - 100- - - - - -

Lube Oil Line Supports-Internal B 02-3070 100 - - - - --

Crankshaft and Turning Gear A 02-310A 100 100 38 - - - 3,4
Crankshaft Bearing Shell A 02-310B 30 30 - - - - -

Crankshaft Thrust Bearing Ring A 02-310C 100 4- - - - -

Crankcase Assembly A 02-311A - 100 - - - - -

..

Crankcase Seal B 02-311B To be developed
Crankcase Mounting Hardware B 02-311C- To be developed
Cylinder Block A 02-315A 25 - 100 - - - -

Cam Bearing Caps and Dowels B 02-3158 To be developed
Cylinder Liner A 02-315C 100 100 - - 20 20 -

Cylinder Block Jacket Water Manifold B 02-3150 - 100 - - - - -

31 - - 3 - -Cylinder Block Studs B 02-315E -

Cy1 Block Jacket Wtr Manifold Nuts B 02-315F - 100 - - - - -

Cylinder Block Seals and Gaskets B 02-315G To be developed
Jacket Water Inlet Manifold. Assembly B 02-316A To be developed
Jacket Water Inlet Manifold Coupling 8 02-316B To be developed

'Jacket Water Inlet Manifold Vent Line B 02-316C To be developed
Jacket Water Discharge Manifold B 02-317A To be developed
Jacket Water Disc, Man. Coupling B 02-3178 To be developed
Jacket Water Disc. Man. Supports B 02-317C To be developed
Flywheel A 02-330A To be developed -

.

Flywheel Bolting A 02-3308 - 100 - - - - -

Front Gear Case Bolting C 02-3358 - g 100 - - - - -

Connecting Rods and Bushings A 02-340A 100 100 100 - 25 25 -

Connecting Rod Bearing Shells A 02-3408 100 100 100 100 - - -

5Piston A 02-341A 100 100 25 - - -
,

'
- - 25Piston Rings A 02-341B 25 100 - -
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i Table 5-1. ' Catawba Diesel IA Inspection Plan Matrix
;

Sample Size, Percent of Engine Parts Inspected
Surface Vol.

Part Name Class Part No. Dimen. Visual NDE NDE Material Hardness Notes [
'

v
Piston Pin Assembly A 02-341C ' 25 25 .

- 25 25 -

Intake Tappets A 02-345A 25 - - - - --
s

: Fuel Tappets A 02-345B - 25 - - - - -
,

Fuel Pump Base Assembly B 02-345C To be developed
' Camshaft Assembly A 02-350A - 100 - - - - -

Camshaf t liearing- B 02-3508 - .- - - - - 7

.
Canshaf t Supports, Bolting and Gear A 02-350C - 100 - - 100 100 -

' Idler Gear Assembly (Crank to Pump) A 02-355A - 100 - - - - -
*

*

Idler Gear Assembly A .. 02-355B - 100 - - - 100 -

Air Start Valve A 02-359 100 100 - - - - -

Cy1inder Head B '02-360A -100 100 100 100 - - 2
- - 25 - - !; Intake and Exhaust Valves B 02-360B 25 100

; i.Cyl nder Head Bolting B 02-360C To be developed
'

,

Cylinder Head Gaskets B 02-360C - 100 -. -
''

- - -

| Valve Springs B 02-3600 - 100 - - - - 1
'

"

Subcover Assembly -B 02-362A - 100 100 - - - -

Fuel Injection Pump B 02-365A' 100 - 100 --
-

-

1 Fuel Injection Tips B 02-365B To be developed
'

.Fuei Injection Tubing B 02-365C To be developed
Fuel Injection Tubing Supports B 02-3650 To be developed

. Fuel Pump Linkage and Control Shaft A 02-371A - - - - 100 100 -

Fuel Pump, Linkage, Bearings and. Shaft A 02-3718 - 100 - - - -
.. .

Intake' Manifolds B 02-375 100 100 .

- - - -

Exhaust Manifold B 02-380A To be developed
Exhaust Manifold Bolting B 02-3808 9 9 - - - - -

Cylinder Block Cover, Gaskets & Bolts C 02-385B To be deve' loped
Crankcase Cover Assembly C 02-386A - 100 - - - - -

, ,

I Crankcase Cover Gaskets & Hardware C 02-3868 To be developed
Intake &. Intermediate Rocker Arm Assy B 02-390A 100 100 100 - 100 100 -

'

i Exhaust Rocker Arm Assembly B 02-3908 100 4 100 100 - 100 100 -

Intake & Exhaust Pushrods B 02-390C 100 100 - - - -
'

-

'Connector Pushrod B 02-3900 - 100 100 -- - - -

Racker _ Arm Bushings' B 02-390E - 100 - - - ' - -

Rocker Arm Bolting B 02-390G - 100 25 - - - -

Overspeed Trip Governor .A 02-410A 100 - - - - - ;< -

1
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-Table 5-1. Catawba Diesel 1A Inspection Plan Matrix-

Sample Size, Percent of Engine Parts Inspected'
; Surface 'Vol.,

Part Name Class Part No. Diinen. Visual NDE NDE Material Hardness Notes:
,.
,

10' . 100- - 100 100Gov Overspeed Trip & Accessory Drive A 02-410B 0- -

Overspeed Trip Couplings A 02-410C - 100 - - 100 - -

1 Overspeed Trip Vent Valves. A 02-410D To be developed
j Governor & Tach Drive Gear & Shaft A 02-411A 100 100 - 100 100- -

; Governor Drive Couplings A 02-4118- - 100 - - 100 - .-

Governor Linkage- '

A 02-413 100 - - - - -
-

Speed Regulating Governor A 02-415A - 100 - - -
.

-

Governor Booster Servomotor B 02-415B To be developed
Governor lleat Exchanger Assembly A 02-415C - 100 - - - - -

,

| Lube Oil Pump A 02-420- To be developed
! Jacket Water Pump A 02-425A 100 - - 100 100 --

! Jacket Water Pipe and Fitlings B 02-435A To be developed
1 Jacket Water Pipe Supports B 02-435B To be developed

Intercooler Piping Assembly B 02-436A To be developed
] Intercooler Piping-Coupling, Bolt, Gskt A 02-436B To be developed.

Turbo Cooling Water Pipe & Fittings B 02-437A To be developed2

i Turbo Cooling Water Pipe Supports A 02-437B To be developed
Start Air Manifold Pipe, Tubing & Ftg A 02-441A- To be developed

; Start Air Iianifold Vlvs, Strners, Fltrs A 02-441B To be developed
| Start Air Manifold Pipe Supports A 02-441C To be developed ;

100 '6j Starting Air Distributor Assembly A 02-442A 100 100 i- - -

'

j Start Air Ostrbtor Tubing,Ftg, Gskts A 02-442B To be developed
Fuel Oil Booster Pump A 02-445 To be developed'

Fuel Oil Piping and Tubing A 02-4508 .To be developed
i
: Fuel Oil Filters and Strainers B 02-450C To be developed-
! Fuel Oil Piping Supports A 02-4500 To be developed
} Fuel Oil Filters B 02-455A To be developed

,

| Fuel Oil Strainers B 02-455B To be developed
! Fuel Oil Filter Mounting Hardware A 02-455C To be developed

Enternal Lube Oil Lines A 02-465A 88 100 -- - - - -

| Enternal Lube Oil Line Supports A 02-4658 - 100 - - '- - -

i Turbocharger Lube Oil Piping B 02-467A., 100 - - - - -
-

Turbocharger Lube Oil Piping Supports.- B 02-4678 - 100 - - - ' - -'

100Turbocharger Bracket B 02-475A - - - - -- ..

4
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Table.5-1. Catawba Diesel 1A Inspection Plan Matrix

Sample Size, Percent of Engine Parts Inspected
Surface Vol.

Part Name Class Part No. Dimen. Visual NDE NDE Material Hardness Notes

Turbocharger Air Butterfly Valve A 02-475B - 100 - -
. 100 100 -

Turbocharger Air Intake Piping 'B 02-475C- To be developed
Turbocharger Bracket Bolting B 02-475D - 8 - - 8 - -

Control Panel Cabinet A 02-500A To be developed
' Control Panel Annunciators B 02-5008 To be developed
Control Air Accumulator A 02-500F To be developed
Control Air System Valves A 02-500G To be developed
Control Air System Pressure Switches B 02-500H. To be developed
Control System Relays A 02-500J To be developed
Control System Solenoid Valves A 02-500K To be developed'

Control Air System Piping, Tubing, Ftngs B 02-500M To be developed
Control Panel Wiring - A 02-500N To be developed
Lube Oil Sump Tank B 02-540A - 100 - - - - -

,

Lube Oil Sump Tank Ftngs, Pipe, Valves B 02-5408 - 100 - - ;; - - -

Lube Oil Sump Tank Mounting Hardware B 02-540C 100- - - - - -

Foundation Bolts and Anchors B 02-550 To be developed
Instrumentation Thermocouples B 02-6300 To be developed
Engine & Aux Module Wiring Conduit A 02-688A To be developed <

Engine and Aux Module Wiring A 02-688B To be developed ,

Engine and Aux Module Wiring Boxes A 02-688C To be developed !

Engine Alarm Sensors A 02-690 .To be developed
Engine Shutdown Tubing and Fittings B 02-695A To be developed -

Engine Shutdown Valves, Regs,'& Orific A 02-695B To be developed
Engine Shutdown Trip Switches A 02-695C To be. developed
Jacket Water Standpipe, Ftngs, Gasket B 00-700A To be developed

,

Jacket Water Standpipe Valves B 00-7008 To be developed
|Jacket Water Standpipe Supports B 00-700C To be developed .

Jacket Water Standpipe Switches B 00-700E To be developed
Jacket Water Standpipe Bolting Materials B 00-700F To Qe developed
Fuel Oil Duplex Strainer A 02-825D To bh developed
Intercooler B F-068- 100 100 - - - --

'
Turbocharger A MP-022/3 100 100 - - - ,- -

,

'
- .
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Notes to Table 5-1
,

,

1. Intake and exhaust valve springs have proper color code..,

2. Ultrasonic wall thickness measurement of fire deck area and fuel
nozzle area.

,.,

3. A.torsiograph will be developed of the crankshaft.

4. Crankshaft web deflections and thrust clearance will be measured with-
the diesel both hot and cold.

5. Measure torque on believille spring loaded bolts.

6. Hardness of the spools will be measured only if excessive wear is
measured on one or more of the spools.

7. If inspection of camshaft lobes show no abnormal wear, then no
inspections of the camshaft bearings will be performed.

8. All inspections n'oted as "To be developed" will involve visual inspections
or functional tests

-
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6. Inspection Plan for Catawba Diesel IB

.

.

A specific inspection plan for Catawba diesel 1B has not yet been develop-

ed. As previously identified an extended operation test is underway for diesel

'1B to extend its high load operating time to 750 hours. Prior to the extended
~

operation test the following inspections were performed on two engine cylinders:

o Liquid penetrant examination of cylinder block top surface around
'

the cylinder and between the head studs and cylinder liner.

o Ultrasonic wall thickness measurements of cylinder head.

The following inspections were performed on all 16 cylinders:
#

o ' Visual inspection of subcover assembly.

o Visual inspection of all intake, exhaust and connector push ods.f

o Visual inspection of all rocker arm assemblies.
,
,

o Visual inspection of all intake and exhaust valve springs.

Following the extended operation test additional inspections will be performed.

The extent of those inspections will be based upon the results of the

inspections on the Catawba 1A diesel and other TDI emergency diesels. An

appropriate sampling plan will be developed at that time.

.

6

8

.
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7. Catawba Generic and Specific Problems

:. 4

.

-This section of the report lists the. generic problems that have and

have not occurred at Catawba along with other specific problems.

Attachment 1 lists the " Generic problems not experienced at Catawba."
.

Attachment 2 lists the " Generic problems experienced at Catawba" along with

the specific diesels that experienced the problem, and the number of
~

occurrences per diesel. Attachment 3 lists the " Catawba Specific

Problems", the specific diesels that experienced the problem, and the

number of. occurrences per diesel. The problems listed do not include

enhancement's to the diesels resulting from 10CFR Part 21 reports, such as

piston skirt enhancements.
,

' The remaining portion of this section reviews each Catawba problem in
_

more detail, and addresses the "cause", " consequences" and " corrective

action" for each. -

7.1 TOI Generic Problems Experienced at Catawba

Pushrods

A number of pushrods have been observed to have cracks on diesel 1A.

Similar cracks are expected to occur on diesel 1B pushrods. The pushrods

originally furnished had ball to tube welding defects. The cracked

pushrods operate in 1A and 1B with no adverse affects to either engine's

operation. The 1A pushrods have been replaced with an improved design

that uses a friction weld between the spherical part and the tube. Diesel
j

1B is scheduled to have its pushrods replaced by April 1984.

L(

7-1



~ _ _ _ - - __

|

.
-

|

Fuel Line Fitting

A fuel line fitting on the 1A diesel leaked due to a dented ferrule on the

inside of the compression nut which secures the fuel line to the injector.

The dented ferrule resulted from an unknown impact. During.an emergency

condition, this leaky fitting would not have adversely affected the

engine's operation. The injection line and fitting were replaced. No

further failures of this type hive ~ teen experienced.

Turbocharger Thrust Bearings

The turbocharger thrust bearings have experienced excessive * wear on

diesels 1A and 18. This wear is believed to be due to a lack of prelube

oil ^ during multiple fast starts of the diesels. The excessive wear of the

turbocharger bearings did not adversely affect the diesel's' operation

during the extended run test. The bearings were replaced and the prelube
.,

oil flow rate was increased to prevent excessive wear on the replacement
'

bearings.

A recent 10'CFR21 has been issued by TDI addressing this situation, and as

a result, Catawba expects to have the improved prelube oil system

installed by June 1984.

Cylinder Heads

One cylinder head on diesel 1A developed a minor jacket water leak

(approximately 4 gals /24 hours) within the injector bore and above the

injector seat. One cylinder head on diesel IB also developed minor ' jacket

water leak similar to the leak on IA. The causes of both cylinder head

leaks are under investigation'. Both diesels operated several days with

the leaks and with no adverse affects to the engine's operation. The 1A

cylinder head has been replaced, and the 1B cylinder head will be

7-2
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replaced prior to the start of the diesel 1B extended run test.

- / 7.2 Catawba Specific Problems

( .#

Fuel Injection Pumo
.

One fuel injection pump nozzle valve holder cracked as a result of a
,

.

material defect. This was confirmed by a metallurgical analysis. In an

emergency condition, the injector pump failure would not have adversely

affected the engine's operation. The failed fuel injection pump was

replaced. All pump nozzle valve holders at Catawba will be inspected to

verify that material defects do not exist in the other valve' holders.

Turbocharger Prelube Oil Lines

Two turbocharger prelube oil line fatigue failures occurred at the ferrule

of a compression fitting during the 1A extended run test. Both failures

are considered to be due to improper installation (i.e., over-tightening)
,

of the tubing compression nut and excessive vibration. During an emer-
__(

gency condition this situation would not have adversely affected the

engine's operation. The prelube oil lines have been replaced using an

approved nut tightening procedure and additional clamps. Vibration

dampening devices were installed on the tubing to decrease the vibration

amplitude. As previously noted, the improved prelube oil system will be

install.ed by June 1984.

Turbocharger Adapter

A turbocharger to intercooler adapter cracked at the flange weld. This

was evaluated to be due to a misalignment between the two components.

This situation had no adverse affects on the engine's operation. The<

adapter was repla'ced. In the future, Catawba will take extra care to

(
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ensure proper flange alignment prior to torquing any turbocharger flange

bolts.

Lube Oil and Jacket Water Thermocouples

Incorrect temperature indications were noted on the lube oil and jacket

water systems during the extended run test. These were found to be due to
~

thermocouple lead failures (i.e., an intermittant short). This situation

did not adversely affect the engine:s operation. The engine was shut down

at the operator's discretion to resolve the problem and replace thermo-

couples. .

Crankcase Cover Capscrews

A 1/2 inch capscrew head was found to be missing from the 1A diesel.

crankcase access cover. During replacement of the capscr'ew, a second

capscrew sheared off with less than 15 ft-lb of applied torque. This
-

situation is under investigation, and is suspected to be due-to an-(
'

improper . installation (i.e. , over torque) of the capscrews prior to the

extended run test. This situation did not adversely affect the engine's

operation. The failed capscraws were replaced. Once the cause is con-

firmed, all affected capscrews will be replaced.

Subcover (Rockerbox) Assembly

One subcover assembly was observed to be damaged while replacing the

diesel 1A pushrods. The damage is felt to have resulted from work

performed during the reinstallation of the heat treated piston skirts,

in 1983. ' At that time, it is suspected that the subcover assembly was

installed with a misaligned rocker shaft dowel pin which caused the -

observed damages.' This situation did not adversely affect the engine's

operation during the extended run test. The subcover assembly was

(.
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replaced. In the future, Catawba will ensure proper dowel pin alignment

prior to torquing bolts.
'

~

Turbocharger Lube Oil Drain Line

A temporary turbocharger lebe oil drain line leaked on diesel 1A. This
:

temporary modification was made because the original drain line furnished

by TDI did not completely seal at the couplings. The temporary drain line

fatigued and failed prior to completion of the extended run test. This

situation would not have adversely affect the engine's operation in an

emergency condition. The drain line was replaced. In addit' ion, an

improved permanent design will be installed by May 1984.

Turbocharger Exhaust Manifold Mounting Bolts

Four 1/2 inch stainless steel turbocharger exhaust manifold mounting bolts

were found broken. The cause of this failure is under investigation. The

bolt failures did not adversely affect the engine's operation. The failed
(

bolts have been replaced. When the cause of failure is determined,
~

appropriate action will be taken to prevent reoccurrence of the failure.
,

Exhaust Valve Tappet (Rocker Arm Adjusting Screw Swivel Pad)
,

One exhaust valve tappet cracked on diesel 18. The failure is presently

under investigation (the failure appears to be due to improper seating of

the internal ball and socket of the tappet). This situation had no
.

adverse affects to the engine's operation. The failed tappet was re-

placed.
.

#

a

I
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ATTACHMENT 1

(I - +
.

.

*

GENERIC PROBLEMS NOT EXPERIENCED AT CATAWBA

.: 2 --

o Crankshaft
.

o Connecting Rod Bearings

o Pistons
' '

o Cylinder Liners
'

o Cylinder Block

o Enginer Base
-

.

o Head Studs-
,,

o Rocker Arm Capscrews

- o Connecting Rod.s

o Electrical Cables

o Fuel Injection Lines

o Jacket Water pumps

o Air Start Valve Capscrews

.

4

4
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ATTACHMENT 22

( . ;_

GENERIC PROBLEMS EXPERIENCED AT CATAWBA -

*
.

DG1A DGIB

o Push Rods x x

o Fuel Line Fittings x(1)

o Turbocharger Bearings x(2) x(2)

o Cylinder Heads x(1) x(1)

Note: Number of occurrences are noted in parenthesis,

a

~
,

t

s
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ATTACHMENT 3

k , ,

CATAWBA SPECIFIC PROBLEMS

DG1A DG1B

o Fuel Injection Pump x(1)
'

o Turbocharger Pre Lube' il x(2)
Lines

o Turbocharger Adapter x(1) .
.

o Lube Oil and Jacket Water x(6)
Thermocouples

o Side Cover Capscrews x(2)
-

,

o Rocker Box Subassembly x(1)
'
-

o Turbocharger Lube Oil Drain x(1)
Line '"'

''
.

o Turbocharger Exhaust x(4)
.. Manifold Mounting Bolts'

'

o . Exhaust' Valve Tappet x(1)

Note: Number of occurrences are noted in parenthesis.

,

#

4

4
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{ July 6, 1984

lir. Parold R. Denton, Director
Of fice of fluclcar Reactor Regulation
U. 5. hcicar Reculatory Cr.T.ission
''eshin; ton, D. C. 20555.

,

Attention: lis. E. G. Adensam, Chief
Licensir.g Erunch !!o. 4 .

Re: C-taxba !!v:lcar Station
C.'clet i;es. 50-413 and 50-414

.

''eur tir. Cer. ton:

The rurpose of this letter is to subTit Duke Tc..eer Cc pany plans (c,r the inspection
of the Catawba 18 diesel engine and the return to service testir.g of t,he Catawba
I A c nc.ine folle.eing rasser.bly af ter inspec tion. The Date Tc..er Cc .pany plans
for t!.ese tsto items ap;. car below:

A. Cata;..ba 18 Diesel Engine _ Inspections

Our letter of April 5,1984 forisarded a report entitled "Cate ta |:ucicar.

( Station Extended Operation Tests and Inspections of Diesel hr.srators."
Section 6 of this report noted that the extent of instections to be carried
out of the Catawba IB diesel would be based upon the results c,f the Catawba
IA diesel inspections and other TDI emergency diesels. The Cata .ba I A
diesel inspections are now complete. The Catawba IA diesel inspection
results as well as the 0vners Group inspection require:.ents for the second
diesel at a nucicar station have been reviewed and an inspection plan matrix
for the Catawba IB diesel has been developed from this review. The Catawba
15 inspection plan r. atrix is shown in a revised Table 5-1 to the above
mentioned report and is included as an enclosure to this letter. Referring
to the revised Table 5-1, sample size of components to be inspected on
the Catawba IB diesel will be the same as the Cata.sba 1 A diesel except
as r.oted by parentheses. t|here parentheses are included, sarple size of
inspction for the Catanba IB diesel appears in the rarer.thetes.

B. Cain ba Diesel 1 A J.eturn to Service Tes ting

In accordance with a cc.i.ittent made in " Catawba helcar Staticn Diesel
frgine 1 A Cor.panent Revalidation inspection, fir.al Report," of June 29,

r ..cr Cc pany plan for rcturn to service ,19S4, the following is the Date o

testing of the Cata.eba IA diesel.

.

I
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1. Run-In Operation: .

-This will be in accordance with TDI-Instruction Manual, Chapter 6,
Part C (page 6-C-18). The runs are mainly for. seating new rings
in the cylinder liner and consist of running the engine-at various
spreds and loads, inspections of the engine following various runs,
hot crankshaf t web deflection checks, and cold ccTpression checks.
In addition, during these runs, control systems, vital engine parameters,
and auxiliary services. will be conitored to assure proper operation.

2. Modified Load Tests:
.

Ten codified load tests will be run at a lo5d of at least 3500 KW.
Pertinent parameters that will be adhered to are as follow:

a. A test will be of one hour.minir.um duration folic..ed by at
least one and a half hours with the engine secured prior to -
the next roodified load test'.

b. All test start will'be performed with a prc-lube of the engine.
~ During a' test, the load will be increased to a minimum of 3500 KV-( c.

-1 in a period less than five minutes.

d. Vital engine parameters will be monitored on a fifteen minute
basis during the one hour run at power to assure proper operation.

3. 24-Hour Run: s

.

LA twenty-.four hour rus-test will be conducted. .This test will consist
of twenty-two hours at 7000 KW and two hours at 7700 KW. Pertinent
parameters that will be adhered to are as follow:

iThe engine test starts will be perfonned after the en5 ne hasa.
been pre-lubed.

b. During the test, all load changes will be accomplished in five
minutes or less.

Vital engine parameters will be monitored on a one-hour basis toc.
assure proper operation.

4

4. Fast Start Test:

Two fast start tests will be conducted. Fertinent rarameters that
will be adhered to are as follow: ,

i
t



- , -

' '

Mr. Harold R. Denton, Director -
* MJuly 6,1934'

Page.3

.

blesel engine will come up to speed and voltage within elevena.
~ seconds. -

b. Diesel' engine will be loaded with accelerated blackout loads.-

in the period of eleven seconds to thirty seconds. Peak load
.will be about 4100 KW. This is the highest load obtair.able
with the load sequencer under ESF or blackout conditions.

'

c. After the engine has achieved 4100 Kh', each test will last for
~

a period of one hour followed by a shutdown of at least cne and
a half hours. The one hour duration at load is set so that
auxiliary cooling devices will not have to be cut in for. some
of the respective loads which would place an undue burden on
the plant for the performance of these tests.

d. One of these tests will be conducted under pre-lube conditions.
The other of these tests will be perforced with the engir.e in
ready standby status without pre-lube.

e. Vital engine parameters will be tronitored on a 15-minute basis.
Further, visacorder tracings of diesel generator voltage and >

frequency will be nade during starting and loading transients.

5. Trip Device Verification:

Thcre are ten trips which cause the ens ne to shut down under normali
operation and three trips which cause shutdown under emergency operation.
To verify proper operation of these trip devices, shutdoan from the
tests outlined in B-2 through B-4 above will be accomplished by sequentially
introducing these trips for each of the thirteen tests.

6. load Rejection:

To aesure that the diesel generator does not go over five hundred RPM
on a load rejection of 7000 KW, visacorder tracings of frequency will
be made during the trip from 7000 KW outlined in B-3 above.

Criteria used to judge the tests outlined above as to what is a successful test,
as opposed to a failed test, will be according to the following plan:

o The operation runs outlined in B-1 above are for break-in and grotning.
As such, there are not any pass / fail criteria applied to them, in addition
to break-in, this run will be to assure that the diesel generator is ready'
for tests B-2 through B-6.

o Tests outlined in B-2 through B-6 will be conducted in accordance .cith the
pass / fail criteria of NRC Regulatory Guide 1.108.
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'We trust'the above information is keeping you fully inforr.ed of the status-

of the Catewta ~ Unit 1 diesels. Please call me if I can be of any further .

service.

Very truly yours,

1f ) rys, .f/ -

Hal B. Tucker

tar /php
-

I
'

cc: 'lir. James P. O'Reilly, Regional Abinistrator
U. S. Nuclear Regulatory Comiission
Region 11
101 Parietta Street, NW, Suite 2900 ,

Atlanta, Georgia 30323

- loc -Resident Inspector -,

Catawba Nuclear Station . :

#

{<
Ecbert Guild, Esq.

~

Attorney-at-Law -

~ P.O. Box 12097.

Ch&rleston, South Carolina 29412
-s-

: Pald.etto Alliance
' 2135! Devine Street

. Columbia, South Carolina 29205,

Mr. Jesse L. Riley
' Carolina Environ ental Study Group

E54 Henley Place
Charlotte, North Carolir.a 28207

e .
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=
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Notes to T,able 5-1

;.

1. Intake and exhaust valve springs have proper color code.
_

2. Ultrasonic wall thickness ceasurement of fire deck area and fuel nozzle
area.

3. A torsiocraph will be developed of the crankshaft.

4. Crar.kshaf t web deflections and thrust clearance will be ceasured with .

the diesel both hot and cold.

5. M=asure torque on belleville spring loaded bolts.

6. Hardness of the spools will be ceasured only if excessive wear is
r.easured on one or more of the spools.

7. If inspection of camshaft lobes shows no abnormal wear, then no inspections*

'

of the camshaft bearings will be perior.med.

8. Eddy current test to determine if there are cracks.
*

9. Engir.eering validation (Eng Ev) of diesel 1A part including visual
inspection to dete nine that part is per bill of materials and review of

.(' engineering validation consists of reviewing unscheduled maintenance
unscheduled maintenance reports associated with part. For diesel 18,

reports.

10. Piston skirts will be replaced on the 18 diesel. Surface NDE and ' hardness'

wane performed in receipt inspection.

11. f;ew piston rings will be installed on the new skirts.

12. All bolting will be replaced.

13. Catawba 1B frequency of inspections same as Catawba lA except as noted by
parentheses. 'r|here parentheses are included, frequency of inspection for

' Catawba IB appears in the parentheses.
, .

e

~. ='' .
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DUKE POWER GOMPANY
P.O. BOX 33180

CHARLOTTE. N.C. 28242

( . (704) 07:>400:
HAL B. TUCKER my,

" " , ' ' * * " .gm

July 16, 1984

Mr. Harold R. Denton, Director
Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

.

Attention: Ms. E. G. Adensam, Chief
Licensing 3 ranch No. 4

Re: Catawba Nuclear Station
Docket Nos. 50-413 and 50-414

Dear Mr. Denton:

The purpos e of this letter is to submit Duke Power Company's plans for 'the
_ periodic maintenance, inspection and surveillance of the Catawba IA and 1B
diesel engines. The plan is based on an engineering evaluation of the
results of the Catawba IA diesel engine post extended operating test
inspections (reference 1), TDI Owner's Croup recommendations, and NRC
comments regarding diesel engine maintenance, inspection , and surveillance
(reference 2). Inspection of the Catawba IB diesel, following its extended
operating test has just begun; if shown to be necessary by these inspections,
changes will be developed to the maintenance, inspection and surveillance
plan contained herein and submitted to the NRC.

A. Planned Program

Planned maintenance, inspection, and surveillance of the Catawba diesels'

|
is outlined in the attached Table 1, except that diesel engine periodic

|
tes t ing required by technical specifications is not shown since it is
thoroughly described in the Catawba technical specifications (reference
3). It L considered that the maintenance, inspection and surveillance

l required by Table 1 satisfactorily addresses:
:
'

The intent of NRC comments in reference 2.e .

Periodic maintenance recommended by TDI in their technical manual.e

/,
e Results of inspections of the Catawba IA diesel and other TDI

diesels in nuclear service.
\

l *
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''
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B. NRC Comments

The NRC comments of reference 2 relative to items warranting special
attention in the periodic maintenance, inspection and surveillance of

( nuclear plant diesels , and how Duke Power plans to resolve these
' comments, la're discussed below.

B .1 Cylinder Heads -

a. NRC Comment. Following engine shutdown, the engine should be
rolled over with air pressure after four hours (during
cooldown) with the indicator cocks open. Subsequent to
cooldown, engines should be air rolled every 24 hours. Any
cylinder heads discovered leaking must be replaced. The
utility should confirm that written procedures are adequate to
ensure that the cocks are closed following each air roll.

b. Dis cu s s ion . All cylinder head leaks in Catawba diesels have
been associated with welded-in repair plugs. Inspections -have
been performed of the Catawba 1A diesel, and will be performed
of the IB diesel, to identify and replace any cylinder heads
with such welded-in repair plugs. Elimination of heads with
weld ed-in repair plugs is expected to minimize the potential
for future cylinder head leakage problems. In this regard, it
should be noted that no cracks were noted in the Catawba IA
cylinder heads of the type which would be expected to lead to
leakage of cooling water into the cylinders (cracks associated
with welded-in plugs lead to leaks into the fuel injector
cavit ies , not into the cylinders). The types of cracks which

( could lead to water leakage into the cylinders include radial
cracks in the fire deck emanating from valve seats; this type
of crack was not detected in diesel 1A.

Because of the absence of any history of water leakage into
Catawba diesel cylinders, it is considered that daily air

rolling of the diesels is not warranted. In addit ion, air

rolling involves placing diesels out of service a significant
amount of time, approaching an hour per day, which is
undesirable. Moreover, if any difficulty should arise with

i the air roll operation, it is likely to cause the one hour
' time limit on having a diesel out of operation to be

approached; because of technical specification requirements
(reference 3), this would require an unnecessary start of the

| other diesel.

c. Enkg Power Planned Ac t ion. The engines will be rolled
wichin 4 hours after shutdown and weekly thereafter with
indicator c.ocks open to check for water leakage into the
cylinders. Air rolling of the diesels is also performed prior
to routine engine starts. The operating procedures covering
air rolling require that the cocks be closed after each roll. -

'

2;
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B.2 Engine Block apf Bgag

a. NRC Comment. Inspect the engine' block and base every month
or 24 hours of operation, whichever comes first. The

,( inspection should be an external visual inspection requiring
ho disassembly. No other special maintenance is required if
any defects found are "non-cr it ical . " Non-critical
indications are defined as not causing oil or water leakage;

-

not propagating; and not adversely affecting cylinder liners
or stud holes. -

b. Duke Ppvn Planned Action Visual inspections of the block
and base, as well as numerous other areas will be performed
routinely during engine operation, i.e., every month or more
often. These inspections will be directed at detecting signs
of water or oil leakage at joints and similar areas, and at
verifying that dangerous cracks are not propagating from stud
holes in the block. The inspections will be performed and
documented by operations personnel as part of normal
operational checks and will be limited to those inspections
which .an be performed without disassembly of any parts.

B.3 Connec t ing Radi

a. NRC Comment. Af ter each interval of 25 starts, 50 hours of

operation or 6 months, whichever occurs first, all connecting
ods should be visually inspected and all connecting rod bolts

should be retorqued and the results recorded.

f b. Discussion. Inspection of the Catawba IA diesel connecting
' rods after over 800 hours of operation and 120 starts showed

no signs of degradation and showed that the torques of the
1 1/2" connec *ing rod bolts had not relaxed. Accordingly,
checks of bolt torques after 24 hours of operation or 25
starts appears to be excessively cons ervat ive . - The NRC
suggestion of a time period of 6 months for bolt preload
checks appears to have no relation to processes which might
cause bolt relaxation and is not warranted. In addition,
inspection at 6 month intervals would result in significant
loss of diesel availability, which is undesirable, and would
require several additional starts of the other engine.

Checks of connecting rod bolt torques by ultrasonic length
measurements have recently been completed for diesel 1A, and
are considered to be a superior method of checking the preload
in these bolts, as compared to use of torque measurements.

It should be noted that, if no significant loss of preload of
these bolts occurs, then there is no chance of the joint
degrading and no need to visually inspect the bolts. As noted
above, relaxation of these bolts has not been experienced at
Catawba, nor have the bolts experienced damage.

>
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c. Egkg Power Planned Action. All the 1 1/2" connecting rod

(,
bolt preload's will be checked at the first refueling outage.
lt is expected that about 25 starts and 50 hours of operation

.will have been accumulated at that time and that the maximum
would be 50 starts and 200 hours of operation.

B.4 Lukg 2i1 Checks

a. EEE Commtat. The lube oil should be checked for water
following pre-operational testing and then weekly and after
each 24 hours of operation, whichever comes first. It should
also be checked on a monthly basis for particulates and
chemical contaminants associated with wear of bushings and
bearings. Also, at intervals of one month, a sample should be
collected from the bottom of the sump to check for water. All
filters and strainers should also be checked monthly. .

b. Dis cu s s ion . The clean lube oil tank and the sump tank are.

checked for water on a monthly basis. No problems with water
accumulation have been noted. Performing this check on a
weekly basis is not warranted considering that the diesels are
operated on a monthly basis and considering the lack of
problems in this area.

A monthly check of lube oil for particulates and chemical
contaminants associated with wear of bushings and bearings is4

not considered warranted since the diesel will accumulate only

( about I hour of operation per month. Accordingly, this type
,

i of check is planned to be performed each 6 months.

c. Eghg Egy,gr, Planned Actions.;

|

| e The lube oil will be checked for water following

pre-operational testing and then monthly or after 24
[ hours of operation, whichever comes first.
)

e A sample will be collected from the bottom of the lube'

oil sump tank and checked for water each month.

e The lube oil will be checked by ferrographic and
spectrographic means every 6 months to check for

contaminants and particulates.
1

e The differential pressures across all filters and
strainers will be checked during diesel operation, and
filters and strainers will be cleaned or replaced as
necessary.

'

B.5 cv11nd er Hand. Studs. Rocker AIE EAR Screws. Air 11ggf,, Valve
Canserews

a. ELE Comment. Each month 25% of the capscrews should be spot
checked or torqued.!

(-
.

.

&

4

.



. .

b. Discussion. Re,sults of the Catawba 1A post extended
operation test inspection reported in reference 1 showed that
no problems with loss of bolt torque occurred in over 800
hours of operation. Subsequent to completion of pre-

_'

bperational tests, only about 1 or 2 hours of operation are
expected to be accumulated each month, which is not considered
to be significent in regard to causing bolt preload
relaxation. In addition, it should be noted that performance
of preload checks would involve making the engine inoperable
for extensive periods of time while the covers, subcovers and
push rods are removed to provide access.

c. Rykg P vtt Planned Action. Twenty-five percent of the head2
studs, rocker arm capscrews, and air start valve capscrews
will be checked for preload relaxation during each refueling
outage. The preloads checks will be performed either by
torque measurements or by ultrasonic length measurements.

,

B .6 Zysh Egdx

a. HEC Comment. Following pre-operational testing and then
subsequently after each 24 hours of operation, cams, tappets,
pushrods, etc. should be visually checked. This can be done
at a time with the engine shutdown but without affecting its
availability for service,

b. Dis cu s s ion. Inspection of these parts requires removal of
top covers and side covers and this involves having the diesel

(~ inoperable for extended periods of time. Accordingly, this
* inspection should be performed during an outage. Duke Power

has friction welded push rods that have seen over 890 hours of
operation and 1.2 x 10^7 cycles with no evidence of cracking.

c. Enkg Power Planned Action. All cams, tappets, push rods,
and rocker arms will be visually checked each refueling
outage.

B .7 ]g.hg 0.11 Filter Pressure EI22

a. EEC Comment. During standby, the lube oil pressure drop
should be checked daily.

b. Dis cus s ion. During standby, the diesel lube oil system is
in a steady state condition with a low flow rate. Since the
diesel is not operating, production and release of

particulates is minimal. Accordingly, weekly checks provide
fully satisfactory monitoring of filter pressure drop.

c. Rukg Power Planned Action. The prelube oil filter pressure
*drop will be checked on a weekly basis.

.

5
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B.8 Crankshaft Deflection Iggj;1

a.' NRC Comment. Perform hot and cold crankshaft deflection'

/ checks every 6 months with the hot deflection tests performed
;\ within 15 minutes of engine shutdown.
|

'
t

b. Dis cus s ion. Hot and cold deflection tests performed to date
up to over 810 hours of operation for diesel 1A have revealed

'

no problems. Performance of these checks every 6 months, i.e.
every 6 to 12 hours of operation, is not considered warranted.
In addit ion, it'would involve making the diesels inoperable
for significant periods of time, which is not desirable.

Performing hot deflection tests within 15 minutes of shutdown
is not permissible because of the need to let possibly
explosive vapors escape from the crankcase. TDI indicates
that hot deflection checks may be performed up to 4 hours
after shutdown.

,

c. Ruhi Power Planned Action. Hot and cold web deflection
'| tests will be performed at least once each refueling cycle.

The hot deflection tests will be performed as expeditiously as
possible and within the time period specified by the
manufacturer, i.e., within 4 hours of engine shutdown.

B.9 Monitorine gf Temneratures . Pressures And Vibrations
j

a. ]!BE Comment . During engine operat ion, the exhaust

[ temperature for each cylinder should be monitored continuously1

\ by the operator and recorded on a log at hourly intervals, as
should the temperatures entering and exiting the
turbocharger. Other temperature and pressure readings for
which the engine is instrumented should also be monitored>

continuously, and recorded hourly, or more frequently if
specified by the manufacturer. These should at least include
lube oil, jacket water, intercooler temperature, and air
pressure. If the engine is equipped with an accelerometer on
the main bearings and turbocharger, these should also be
monitored continuously and recorded at hourly intervals. If

the engine is not equipped with an accelerometer at these
points, main bearing oil temperature should be monitored
continuously and recorded hourly. Also, lube oil filter
pressure should be monitored daily during engine operation.

b. Dis cus s ion. During diesel operation the following

parameters are monitored

e Cylinder Exhaust Temp.*

e Generator Stator Temp.'

,

Turbocharger Inlet Air Temp. (at Intercooler Inlet)*e

Turbocharger Outlet Air Temp. (at Intercooler Outlet)*e

/ .

k
.

6
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:

Engine Lube Oil Temp.*e

e Crankcase Vacuum

.o Lube Oil Filter Delta P

e Lube 011 Pressure
,

o Lube 011 Tank Level
'

'

e Fuel Oil Filter Delta P

e Fuel Oil Pressure

o Fuel Oil Tank Level

e Jacket Cooling Water Temp.*
.

e Jacket Cooling Water Pressure

e Jacket Cooling Tank Level

e Control Air Pressure

e Lube Oil Pressure at Turbocharger Inlet

e Manifold Air Pressure

e Starting Air Pressure

The parameters marked with asterisks are continuously recorded
as well as monitored. .

The following parameters are recorded hourly on operating
logs:

e Load - Watt Meter

e Power Factor

e Generator Volts

e Generator Amps

e Stator Temp.

e Lube Oil Pressure

e Lube 011 Filter D/P ,

i

e RB Turbo 011 Pressure
f

i e LB Turbo 011 Pressure

(
.

7
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o Fusi Oil Prsosura

e Fuel Oil Filter D/P

f e Jacket Water Pressure

e R&L Intake Manifold Pressure
_

e Lube Tank Level

e Cylinder Exhaust Temps.

Vibration switches located on the turbocharger are set to trip
if excessive vibration levels are encountered. Vibration
levels are also measured at various locations on the diesels
on a semi-annual basis using hand-held probes.

It is considered that monitoring and recording the above
parameters as discussed above provides a fully satisfactory
program for monitoring the condition of the diesels,

c. Eukt Power Planned Ac t ion. Pertinent diesel operating
parameters will be monitored and recorded during diesel
operation as described above.

C. Sienificant Features sd[ Planned Program

- C.1 Piston Skirt Insnection

The plan in Table 1 includes inspection of all piston skirts after
about 10 years of operation to verify the absence of cracking at

- wrist ,isassembly,
pin bossstud bosses and internal reinforcing rib

junctions. This inspection would require extensive d
which would not be warranted by the expected number of hours of
operation. Accordingly, it is intended to monitor the performance
of AE pistons in other TDI diesels during the next 10 years. If

the accumulated experience provides confidence, as expected, that
AE pistons are not subject to serious cracking concerns, then this
inspection may be deleted or changed to a sample basis inspection.

C.2 Bearine Insoections

The plan in Table 1 is based on not disassembling connecting rods
or main bearings for inspection until 10 years unless this is
indicated to be prudent by ferrographic or spectrographic analyses
of lube oil. At that time, a sample of the bearings will be
inspected. The bases for this approach are as follows:

.

(.
-

'
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e TDI recommends bearing inspections be performed about every
5,000 hours (connecting rod bearings) to 10,000 hours (main
bearings) of diesel operation. It is expected that, in 40
years, the Catawba diesels will accumulate less hours than

{ .TDI's recommended inspection periods of 5,000 and 10,000
hours.

e Ferrographic and spectrographic analyses provide a reliable
method of ensuring that unusual or excessive bearing wear is

,'
not occurring.

I o Extensive disassembly of the diesel exposes the engine to
factors which can reduce reliability.

.

I

i D. Sunnary Observations gd Comments
!

Dil The maintenance and inspections recommended by TDI for various, time
,

periods are based on the assumption that the diesels will-

i accumulate hours at the rates normal for marine or utility diesels,

I e.g., 5,000 hours per year. However, in fact, the Catawba diesels
are expected to accumulate less than 50 hours per year.,

Accordingly, the TDI recommendations are excessively conservative
j for the Catawba diesels. For this reason, TDI's recommended

schedule has been relaxed in Table 1 for some items; however, the'

schedule in Table i still calls for much more frequent inspection'

and maintenance than would be required by the hours of operation.

( D.2 The maintenance, inspection, and surveillance program of Table 1
,

if applies to both the Catawba 1A and the 15 diesels.

D.3 The TDI owners Group is preparing a recommended maintenance,
insp ection, and surveillance program. When it is issued, the i,

;

; Catawba program will be re-evaluated and revised as appropriate.
!
! D.4 The enhanced inspections requested by the NRC regarding bolt

preload checks require extensive amounts of work and appear to be
not warranted based on there being no observed loss of preload in

i the Catawba 1A diesel after over 800 hours of operation.
Accordingly, if initial preload checks after continued operation,

continue to show no loss of preload, Duke Power may request
i relaxation or elimination of these enhanced requirements.

D.5 The routine periodic maintenance, inspection, and surveillance
i covered in Table 1 should be considered preliminary and subject to
; change. As experience is gained with diesel operation,

maintenance and test, these requirements may be adjusted. However,
any changes to the enhanced requirements discussed in Section B
above will be transmitted to the NRC prior to being implemented.

A

d

i 9
.
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E. References

( References used in this letter are listed below:

1. Duke Power Company report, Catawba Nuclear Station, Diesel Engine
1A Component Revalidation Inspection, Final Report, June 29, 1984.

2. NRC letter dated April 25, 1984, Docket No. 50-416, NRC Evaluation
of the TDI Diesel Generator Reliability for Power ~ 0peration at
Grand Gulf Nuclear Station, Unit 1.

3. Catawba Nuclear Station Technical Specifications

We trust that the information provided herein satisfies NRC needs regarding
planned maintenance, inspection, and surveillance of the Catawba diesel
cugines . Please call me if I can be of any further service.'

Very truly yours,

h/ / M ,

. B. Tucker, Vice President '

Nuclear Production

HBT:JG:rma
.

Enclosures

cc: Mr. James P. O'Reilly, Regional Administrator Palmetto Alliance
U. S. Nuclee- Regulatory Commission 213515 Devine Street
Region II Columbia, South Carolina 29205
101 Marietta Street, NW, Suite 2900
Atlanta, Georgia 30323

NRC Resident Inspector Mr. Jesse L. Riley

Catawba Nuclear Station Carolina Environmental Study Group

854 Henley Place
Robert Guild, Esq. Charlotte, North Carolina 28207
Attorney-at-Law
P. O. Box 12097 Walt Laity

Charleston, South Carolina 29412 Pacific Northwest Laboratories
P.O. Box 999

'

Battelle Blvd.
Richland Washington 99352
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Table 1

- Catawba JA and 1B Diesel EnginesB

Periodic Insoection. Maintenance agi Surveillance Schedule

Planned periodic inspection, maintenance, and surveillance for the Catawba IA

cad IB diesel engines is described in this table. It should be noted that

tdditional inspection, maintenance, and surveillance will be performed en an

es-required basis to correct or investigate actual or potential problems and

cs required by the plant technical specifications.
.

The periodic inspection, maintenance, and surveillance program is based on

the plant following an 18 month refueling cycle. The anticipated operation

of the diesels is as follows:

1 to 2 hours of operation per month of plant operation.

I start per month of plant operation.

I non prelube start per year.

The planned periodic maintenance, inspection, and surveillance is categorized

below by the planned frequency of the work.

SCHEDULE

DURING OPERATION

PART NO. PART NAME REMARKS

i
._______ ________________________________ -.....__....___._______ ._..____

TOTAL DIESEL AND SUPPORT SYSTEMS GENERAL VISUAL CHECKS FOR--

INCLUDING ENGINE BLOCK & BASE LEAKAGE AND CHECKS OF COMPONENT
PERFORMANCE PARAMETERS

02-5005 CONTROL PANEL ANNUNCIATORS TEST ANNUNCIATOR LIGHTS VIA TEST
! BUTTON

02-500I CONTROL PANEL FYROMETERS CONTINUOUSLY MONITORED, CALI-
,

| BRATED AS REQUIRED .

STARTING AIR SYSTEM DRAIN LOW POINIS, STRAINERS ANDl --

TANKS

LUBE OIL SYSTEM CHECK LEVELS IN SUMP TANK,--

GOVERNOR AND PEDESTAL BEARING
,

02-371A FUEL OIL PUMP RACK CHECK FREEDOM OF PUMP RACK
( ,

11.
i
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WEEKLY
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PART NO. PART NAME REMARKS
_ _ _ _ __ _ ___ __ ______ _ _ _ _ .

#

02-361 INDICATING COCKS CHECK FOR WATER LEAKAGE. AND
WITHIN 4 HRS OF SHUTDOWN'

CN-115 BATTERY CHARGER YERIFT BATTERY VOLTAGE

! MONTHLY

PART NO. PART NAME REMARKS .

CN-119 GENERATOR MEGGAR TEST ROTOR AND STATOR

LUBE OIL SYSTEM CHECK SYSTEM AND SUMP TANK FOR-

WATER, PARTICULATES, NEUTRALI-
ZATION, AND SIMIIAR CHARACTERIS-
TICS

JACKET WATER SYSTEM CHECK pH .
--

DRAIN WATER & SLUDGECN-110 FULL FLOW LUBE OIL FILTER -

SPACE HEATERS CHECK OPERATION OF SPACE HEATERS--

IN CABINET

'
SEMI-ANNUAL

PART NO. PART NAME REMARKS

02-371A FUEL RACK LINKAGE AND CONTROL LUBRICATE BEARINGS ON CONTROL
SHAFT SHAFT

,

LUBE OIL SYSTEM CHECK LUBE OIL BY SPECTROGRAPHIC--

l AND FERR0 GRAPHIC MEANS

DIESEL VIBRATION MONITORING USING--

MANUAL PROBES
.

~

1

t

6

|

(
i ,

12.l (

|
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JA G REFUELING

PART NO. PART NAME REMARKS
,___

- _- ___ _____

Ir!E OIL JEIS GEX P0ft FID0GED Gt Mt2EN LDES l-
'

CTLDERS IfASGtE CGD CGERESSION & FIRDG PIESSGtE

00-70(B JAGET 14I21 STAIEFIPE GAD 25 PER S11TIW CALDRAHW SCHEDDIE
'

00-700E JAGET 15LTER SDUEFIPE SWITCIES PR SDLTIGt CALDRA2E TEST wwrstrx

02-310A GAIE5BFI IUr AlW CMD EB DEPUCTION MASGtDEllI5

02-310C GA!ESHAFT TIRDST IEARIIC RDC MASGtE HED5r IEARIIC RIIC CIZARAICE

02-311A GAIECASE ASSDELY RD09E D00RS Alt IIAMINE DCDE
02-315E CTLDWER LEAD SITES QNXE PitDDAD 7 25E & STtES
02-3/4L CGeECTDC Ras Ale IESHIICS CHEtX PitELDAD & MLTS

02-34% INDEE 11PPE!S VISULL & PEltlGM IEASGEMENr/ADJtBDENT

02-3455 PUEL 1RPITIS VISUAL & PERF09t )EASGtBENr/ADJUSDENT

02-350A CAMIBAFT ASSDR.Y VISUAL DEPECTI0tt & CAM IDIES

02-359 AIR SIREI EVE (30LTDC) VIRIPT ItEQUE & 25E & BG.T5
*

02-365a ruz. DoECTIM TIPS REMDYE, CIZAN, RESET, & REDE11H.

02-390G E03E3t AIDI EG.TDC VERHT7tEQIR
*

r 02410A GovENE OVEltSPEED 1 RIP PEltitEMMCE 133r Ale ItECAtmn
02411A GDYENR DItIVE GAR Alt SHAFT VISUAL DE11CHW 15ERE MNIAuf R W/EIABIGER RIPIACBENr
02-411B GOVENE IRIE QXPLDC REPIACE IIASI3ER IN 00TLDC
02413A GD9ENR LDEA2 DISFICT FGL IDOBE PAI!5 ON LDEAR

i 0241% SPD!D RECU!ATDC GOYENR GANZ OIL, VDtIPT SE! TIME .

02 4755 TUltBOGIMEER ADL NTIIERFLY ETE PDif0mtuCE TEST, PftINDLIN AS RE(FIRED

02-50(B (EtGXI. PAIEL PIGSSIEE GADtES CALDRATE PER 511TICM Pnnryrrn

02-500F GXfDKI. ADL A(X23EUGUt PRESSIEE TISE PDL S11TIGt cAfNTfm P8'Nw

(- 02-500G CullDUL AIR ST5!IM E1ES PIE 580RE EST FR S11TIGt CALDEATIGI Panevrnw
02-5005 00lfD100 AIR STSIDt PIGSSIEtt SWIICHES CALDBATE PER S11TIGI Penrm"
02-50(M CONDE. SYSTEM IEIAT5 TEST FIR 5!1TIGE ST5HM Penrvrrw

f 02-50(K ColfDEL S15TDI SGBDID ETES CALDRAIE PDt FfWfm ST5 FEM Panevrven
02-503. 00lEXL PAIEL In0DE!IR cAfmn PR S!1TIGt Penrvrew'

02-5A(B 12R OIL SDe 11|E IEATER Str TimmerDLTS PR STATIGI Pancurrw
0243(B IIEmtGENTATIult11 met 00trIES Pt3CrIGIA11Y TIsti

02489 WF DC. SAErrr AIARM SDetE!HratIIC ftICnGeh11Y TIrr
02490 EICDE AIAlet SnatBS P0ICTIGqAILY Test & cAtNAM
02491A TF E!C. SAFETY AIAIBt SDECES-6WHCIE5 ITICTIGEILY TEST AfD CALDRATE PM STATION Pit 0CEDCRE
02495B DC SICIDOW VALES,REccIATGtS,GtIFIGS SEr Gt CALDBA2E PER STATIGt ST5IDI Panenw
02495C DCDE SHITIDOW TRIP SWITCIES HST PER STAUGI SYSTEM PPnrFrrn
OF115 BATIDtr CSUGR TEST CAPACI112CE

06-117/8 2NERAI0lt 00lfD10L Test Als ALIGt SEQUDCER PER STATIGt PROCEDLRE
m-128 MISC. BQUIP.-lEAIR, JAGET %A15t SET TIEIOGTATS PER STATIGE Pin 8W
03-11% GNEEAIOR SHAFT Att IEAltDIIB CHAN2 IE!E OIL

|
, . <

|

( 13. ,

1

|
. _



_ _.___ __.__ _ _ _ _ .- __ _ _ _ _ _ . _ . . _ _ _ _ _ _ _ - - ._ . . _ _ . _ . . _ . _ __ _ _ _ _ _
_

.

*

1
.

[ MMN
L f REM &RES
! l ? ART NO. FART RAMI __________ _ _

__ _

02-365A FUIL INJECTION PUMP
DISASSIMBLE & CLEAN, INSFECT ONE
REPRESElfrATIVE FUMP _

!

1

|

! 7.EE. UE. I3483.

i

FART 180. PART NAME REMARES
f

-_________ _ __-- __ -

: _ _ _ _ _ _ _ _ _ _ _ _ - - |____-

! 0041B TURED Bt!2r AWIR-MIG IDE & FuI 03Et GIERAL TISUAL DEFICIICEI W/TURED DISASSBB2
I

02-350C CAISEAFT SWFW!s, MIJIIC AIS 2AR VISOAILY IIWET 2AR, IEASIEE BMIIASE' '

02-351 DIa 2AR ASssMLY (CBAE TO Pt39) VIstBLLY DErict MAR, Ig&SEME BMEA8B

02-355B mm (EAR ASsamLY VISUAILY DEFER WAR, IE45 TEE EMIIAS
i

0240C OWRWHD TRIP aNFLIIC IWFIAm IIASTGER, IIWEr R3 tmmmma (El SEAFT 14tIIZ ASSEM.

IF22/23 T m w m m m CInt & PtI.IER simIL & mies', 3EAStEE TIBIET CuuAEE:
i

;

!

I
l

.

i
-

InHEI DE H&EI.
, ,

PART NO. PART NAME REMARE5
_ _ _ _ _ -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _

02-30M ttIN IEARIIC CAF BASE ASBBELY Fr CE Mr W TIC SMIEEEi

GIERAL VIstRL IlWETIIN W/ DISASEBE2 (TIC CAPS)
i 02-309 MLIN MARIIC CAPS
i 02-303r smIN nmRDC CAF stata, asses, & amR aEnAL v!5mL DWsCT!cs W/D!aMBBELY (TMD CAFB)

02-307A INE OIL DEIBIRL IEAcERS GlWAL VIIERL UWETItEl W/DISANGE2

; 02-307s ImE OIL tusDC Ale FrrrDua (alEn4L vamL DerEr!cs W/DIndsmE2,

02-307C INE OIL DEIRNAL SFAIA GIERAL ?!5tRL DWETIS W/DISASEBE2
4

l 02-307D IDE OIL LDs stFFtmIs (zieAL VIsmL DWErrou W/DISASsnE2
TIMAL & R & SAlf12 DI CERECTICEI WIM DISASSEMEX02-310B QtANt3BAFT IEARDC WLIA Fr wmmy AIEAS W/CTL LEAD DISSASSDE2 ;

02-31M CTLDCER MIXX
VISUAL DEFETIGI DI Q3LL.CTIGI WIM DISANDELY02-313C CTLI!eE LI!ER

02-3408 CultECrDC R(B M48tIIC SEIIA
DDWWI(ERL, VISUAL, & Er W IEARIIC SIEL18
?!5DAL Ale Mr IIEFETIGE02-3&lA FI5fG Sj RWIAI3elt RIIRE DEUU2D DURIIC llEASEBET02-3A18 FIS!t3 EDR3
VIEAL IIEFETIIN W MBE FIATIIC02-3&lc FN!GI FIN AM EBOW, GEN & Y!smILY IINET W/DISASEBS.Y .

| 02-359 AIR SERER Mt.W
,

Fr SEIEIE ABAS W FIIIE IIEE
.

02-3604 CELDES MAD
1 02-3605 DEARE Alt IREMNr St.WB VI51R122 IIWET SMIS & Cal 3E FIATDC

Y!stIAL DEFEXIGI W/DIIABBE.Y
: 02-361B M L1R SFRIN E

02-3005 IIMWr MMfDMD EtI2DC SE Y!sthL DWET!S W/11RE DISABEDEI
,

; Y!stl&L DEFEITIII W SomEI5
; 02-3904 RomIR Amt ASIEMEX

,

"; 02-3905 IIIntWr 3013 R ANtASBB E 2 VIERL DWE!!W W S0tIIII
VIEAL IIEFE!!W W IEIJIB02-390C PtW M ES '

02-39tB astETER M VI51RL DWEEIEN W IEEE I

! - 02-39tB llamIR Amt EMENI VIst|AL IIEFE!EN 1EER AOCIMAE2
,

YI55122 DWET PtWPR MLWB 505. Ele & T!)OG CAM
,

(- 02 4A2A S1MrDC AIR DIstIMER AMBE2
0>550 reme4T!cu xxzB Ale Austus leIFT 1 tags, Cmx researsas Ese .:,

|

) Gk111 1BR OIL IRAT E12MER IINET 7tR fqIILDC EEN!IN, EIC.

Gb13 .MGIr ikIE Ett EthlEm IIWEr ftR WII.MI, MEIS, EIC.
* '

F4lts mumme VIERL IINEIRE W 142R SEE
14.

*
;

_ _ _ _ _ _ _ . - , _ _ . _ _ _ _



o..

~

.

AS RZoUIRED
-

-

(
PART No. PART MAME REMARKS

_ ____-__________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ , _ _ _ _ _ _ _ _ _ _- - _ _ - _

02-387D QWECASE MffnMS & PWID MMOuSIR MWinut DURDC TRATION Alt CAI.IBATE AS EBqUDED

02-4Als stutr Ant sDianenS AIS FHERS CuWmC/RBUCDENT GDVDUED BY D/P
02-45% Pan, oE FnnRs InuCeerr GmmED sr D/P
02-455B reel on. sDIADWtS RnUCDENI GMRIED BT D/P
02-54(a unE OE SinP TAE MSE CH oE CNME REQUR9ENE
02 425D PUEL oE muK FDIADSL CIZANnC GMMED BY D/P-

0243M AIR IEst QWCE DESSICANT -
o

05-106 INDECE ADL FETR REFUCDEltr GUTERED BY D/P
0s-110 reu,PIm uns oE Fnant Raucuatr ammED sr D/P

.

05-122 oE PREUnE Fn25t CHAlI2 00TDDED R D/P-

c5131 una on.REnwue saanut cuWmG GmRIED sr D/P
SE-025 une oE PUE PFMCW sDmDEL CUWWC GDTEDED BT D/P
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INSPECTION, MAINTENANCE AND SURVEILLANCE PLAN NOTES
;.

.

Note 1: Time intervals listed should be understood as meaning the indicated
period +/- 50% for time intervals shorter than a refueling

interval.

Note 2: Items requiring 5 and 10 year inspections may be performed at the
refueling either before or after the indicated period.
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