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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 (O/R) of the station's standby emergency diesel-
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 TOI 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 1B. 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),



1.1 SCOPE OF REPORT

This TER is organized as follows:

» Section 2.0 provides relevant background information on the known
problems and efforts toward their resolution by both Duke and an ad
hoc group of similar TDI engine owners (the TDI Owners' Group) who
have united their efforts in regard to these mutual concerns.

» Section 3.0 presents a review and evaluation of specific problams
experienced on the Catawba engines as well as of activities
pertaining to the TDI Owners' Group generic components.

o Section 4.0 reviews Duke Power Company test and inspection activities
on the 1A engine.

a Section 5.0 reviews the activities Duke has conducted or plans to
perform on the 1B engine.

> Section 6.0 documents PNL's evaluation of Duke's post-inspection
engine tests.

s Section 7.0 presents PNL's review of the utility's proposed
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 (0OGPP). Because none of the various phases of the
0GPP (as described in Section 2.1) has yet been finalized, PNL 1s not in a
position to draw final conclusions on the overall extended operability and



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 OGPP and its appropriate implementation by Duke.
This document also precedes full plant-specific DR/QR analyses of both the 1A
and 18 engines. Therefore, PNL is constrained from reaching unlimited con-
clusions relative to the Catawba 1A and 1B 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 OGPP and Duke DR/QR programs and implementation of
their findings (these actions should be a part of Duke's liccnsiné
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 inftial plant startup. By that time,
all phases of both the general OGPP 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 O/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
» B, J., Kirkwood, Covenant Engineering, diesel consultant to PNL

o J, E. Horner, Seaworthy Systems, Inc., diesel consultants to PNL



s P. J. Louzecky, Engineered Applications Corporation, diesel

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).



2.0 BACKGROUND
This section presents background information on efforts undertaken by the
101 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 inciuded 1) an in-depth assessment of 16
known engine problems (Phase 1), 2) a design review and quality revalidation
(DR/QR) program that addresses other key engine components (Phase I1), 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.

2 The diesel generators should not be required to carry a sustained
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
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



considered reasonably conservative for the crancshaft. 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 cannct be monitored without significant engine

disassembly.

®» The engines should be inspected to confirm that the components are
sound (see Sections 4 and 5).

o 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
D1 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 Nucl-ar
Station, Units 1 and 2), Docket Nos. 50-413 and 50-414", noted
problems with some components on the 1A engine at Catawba.

o 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 che 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



50-414", noted problems that had occurred with the 1A and 18 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 i,

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.

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,

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




described the results of the inspections and evaluations performed
and addressed over 99% of the inspection plan. Duke also indicated
that all remaining inspections would be documented in the Owners'
Group Phase Il 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 1B 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 1B 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 18 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 and
queries raised by NRC and PNL in the July 25 and 26 meeting.



3.0 EVALUATION OF COMPONENT PROBLEM RESOLUTION

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(?d)
push rods(2)
cylinder head(2)
fuel line fittings
fuel o0il injection pump valve holders
turbocharger(‘) bearings
turbocharger adapter
turbocharger lube oil drain line
turbocharger prelube oil lines
turbocharger exhaust gas inlet bolts
crankcase and camshaft cover capscrews
triple-clamp bolts
lube 0i)l and jacket water thermocouples
rocker box (subcover) assembly
intermediate rocker arm sockets
exhaust valve tappets (rocker arm adjusting screw swival pad)
intake and exhaust valves

O ® 9 @ @ 0V 9 vV WV B 8 9 9 Vv v 9 o

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 werksheet presents PNL's
evaluative comments and/or conclusions.

(a) TDI engine generic problem components.



Section 3.2 documents the actions taken by Duke regarding the engine
components classified in the generic problem category by the TDI Owners'
Group. These components include:

@ crankshaft
connecting rod bearing shells
cylinder blocks
cylinder liner
cylinder head studs
engine base and bearing caps
rocker arm capscrews
connecting rods
engine mounted electrical cable
high-pressure fuel tubing

@ 9 9 0 9 9 9 v 9

jacket water pumps

-

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
-onsultants. 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.
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3.1 PLANT-SPECIFIC PROBLEMS

Componentf 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
6U0 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, ave performed
satisfactorily.

Owners' Group Status

Piston skirts have been identified by the TDI Owners' Group as one of the
generic problem components. The Owners' Group consultant, Failure Analysis
Associates (FaAA), has analyzed the AE pisten 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
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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 Company were
directed at assessing these components' structural integrity. All 16 piston
skirts on the 1A engine were subjected to the following inspections:

® visual inspection
2 liquid penetrant examination of stud bosses
o liquid penetrant examination of piston pin bosses

®» 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



Ouke, Power Company has reported its intention to replace the AN piston
skirts wiib type AE skirts. This has been done on the 1A diesel engine and is
in progress on the 1B engine. PNL understands that Duke ejther 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 1B, both Catawba diesels will be
fully fitted with AE piston skirts. The Catawba emergency load requirements,
1icted in Section 1.0, do not exceed {nterim-1irensing recommendations of
PNL-5161 (referred to above). Based on this knowlege, on all available
analytical information (principally the 0G generic {ssue report, FaAA-84-2-14),
the operationa: 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 suitzble for the intended use in the Catawba 1A and 1B engines, at
least until the time of the first reactor refueling outage.(°)

(¢) This conclusion, and sim{lar conclusions re arding other componentc, ic¢
based upon the assumption that NRC and the Owners' Group will satis-
factorily resolve concerns re arding the component end {mplement 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 wgld. 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 1B diesel
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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:

® vyisual inspection of the shaft end-welds to verify that the desired
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 defects.

Duke is performing visual and surface nondestructive examinations on this
same set of push rods after its extended service in the 1B 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, Il 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 1380; 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
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 undergore 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
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, I1, and IIl heads as designed are adequate for the service intended.
The report recommends that Group I and Il heads be inspected by liquid
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penetrant and magnetic particle, as well as ultrasonic, testing to determine
firedeck thickness. For Group IIl 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 T0I during manu-
facture to repair the injector bcre.

As stated by Duke Power Company in their inspection report dated June 29,
1984, the inspections of the 1A engine cylinder heads included:
e liquid penetrant examination of valve seats in cylinder heads
» yltrasonic examination of firedeck thickness at selected locations.
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
manufacturing. 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.
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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 plug. 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 1B 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 1B 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 1B engine will be
acceptable for their intended purpose through at least the first refueling
cycle.

18



Until the generic-issue analysis on heads has been finalized and a tech-
nical evaluation report has been released indicating satisfactory conclusion of
the issue, PNL cannot grant unreserved approval of the heads, regardless of

their manufacturing group classification (I, II, or III).
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Component: Fuel Line Fittings
Part No.: - 02-4508

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 1B 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 tc 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
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
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correct, the problem., PNL also concurs that reinstallation of the fuel lines
and fittings 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.
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Component: Fuel 0il 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 niclear 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) hud 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
stated that Bendix high-pressure fuel injection pumps have been instailed 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
Power Company include:
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* measuring the hardness of each valve holder

e yltrasonic 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
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 (5R, 1L, 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 7% 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 1A 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.
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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 3cti-
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 1B 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 0il 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. DOuring the Catawba
site visit on July 25 and 26, 1984, PNL examined the 1B engine turbocharger
bearings, which, like those from engine 1A, were scarred and substantially
worn. PNL also has examined the prelube system at other, similar plants. On
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 sufficientiy few as to not lead to
bearing failure prior to the first refueling outage, at whizh 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).
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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 the 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 1B 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 to 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 diese! 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



turbocharger/intercooler interface are considered to be marginally suitable for
their intended use in the Catawba 1A and 1B 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.
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Component: Turbocharger Lube 0il 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-
ticn. 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
0il 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 identified the problem and its
cause. PNL representatiaves examined the lube oil drain line during the
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 0il Lines
Part No.:. 02-3078B

Brief History of Component:

Two failures of prelube oil lines were reported by Duke Power Company.
Both failures occurred on the lA 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
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with ones of a different design when the new turbocharger lubrication system is
installed -on 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 1B engine as they
did on the 1A engine. If so, PNL concludes that the subject items on the 1B
engine would also fulfill their intended purposes.
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Component: Turbocharger Exhaust Gas Inlet Bolts
Part No.:  02-380B

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.

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 procedures, the
exhaust manifold components are acceptable for the intended service and design
function at Shoreham.

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
high temperature, necessitating the application of excessive force to
remove the bolts

® creep rupture due to a combination of a) use of lubricant plus
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 5X
magnification. Duke reported that no defects or indications were found on any
of these bolts.

Duke has announced their intention to replace all of the subject bolts on
the 1A «iesel 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.
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PNL Conclusions

During the PNL onsite visit on July 25 and 26, 1984, Duke personne!
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 subject bolts on
the 18 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.

32



Component: Crankcase and Camshaft Cover Capscrews

Part No.:- 02-386B

Brief History of Component

Duke Power Company reported occasional failure of crenkcase 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 o0il 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 installation 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 contrcl
torque.

PNL Conclusions

PNL reviewed the capscrew problem with Duke during the Catawba site visit
in July 1984, PNL concludes that Duke has adejuately 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 1B engine with
higher strength items under controlled torquing procedures, these capscrews too
should satisfy the intended design requirements.
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Component: Triple-Clamp Bolts

Part No.:- 02-4500D

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 0il and Jacket Water Thermocouples
Part No.:- 02-630D

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 expected 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

PNL discussed the failed T/C problem and cperating 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/Cs
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.: - 02-362A '

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
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 bolt hole and
the boss surface.

Owners' Group Status

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

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
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.

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
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

Subcover 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 2ssure 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
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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.: 02-3908B

Brief History of Component

Duke Power Company has reported that one of the swivel pads on the 1B
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 site visits in April and July 1984, PNL concurs that the
results of Duke's a72lysis 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 1B engine are also capable of meeting their functional requirements.
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Component: Intake and Exhaust Valves
Part No.: 02-3608B

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 havé undergone
over 800 hours of engine operation, with at least half of that at engine loads
over 185 psig BMEP.

Ovners' 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 tound on the valve stems is of only minor
importance. 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 considered
necessary. This has been completed on the 1A engine; PNL concludes it should
be done also on the 1B engine.
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Component: Spring Retaining Nut and Roll Pin on Air Start Valves
Part 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.

Duke Power Company Status

A1l of the air start valves on the Catawba 1A 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. These 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




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 T
reassembly, provided that appropriate procedures are followed.
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3.2 GENERIC PROBLEMS

Component: Crankshaft

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 failed R-48 shafts at
Shoreham with 13-inch main journals and ll-inch crankpins,
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The completed in situ inspection of the 1A diesel crankshaft included:
web deflection measurements ;

torsiograph tests (with the AN piston skirts)

visual inspection of all crankpin journals and the fillets at either
end

eddy-current testing of all crankpin-to-web fillets except for those
of crankpin #2

visual inspection of mein bearing journals and journal-to-web fillets
for 50% of the main bearings (#4, #5, #6, and #8)

fluorescent dye penetrant testing of the lube oil holes in main
journals #4, #6, and #8,

No visually discernible indications were found on the crank,in 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 1B 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 Torsiograph
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 1B diesel engine at Catawba that consisted of
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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 1B

engine. In PNL's viewpoint, this proposed test and inspection program are
adequate to verify the physical condition of the 1B 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 1B 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 corc.lusions, 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
crankshaft 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 shafts,
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Component: Connecting Rod Bearing Shells
Part No: 03-340-81
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.

A1l (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 examination
® radiograph examination,

These inspections are now underway on the 1B 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




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 1B 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.
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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
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
two-dimensional analytical modeling of the block top and liner. In their
report only recently published, FaAA concluded:

e 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.
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® 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, and
between the cylinder studs and liner

» dimensional and liquid penetrant examination of the cylinder liner
landing area of seven cylinders

® eddy-current testing of stud holes of these seven cylinders.

The proposed inspection plan for the 1B engine will include only 25% of
the block (four cylinder areas), covering only 4imensional 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 freguency of
inspections are expressed in Section 7.0.

If the results of Duke's inspections on the cylinder blocks of the 1B
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
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 Il engine and marred

the liner.

Owners' Group Status

The Owners' Group analysis has identified some cylinder liner dimensions
as not being compat'ble 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 1B 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 18 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%)
material comparitor and hardness tests on 20% of the liners (0%)

dimensional check of cylinder protrusion above the block on 100% of
the liners (100%)

dimensional check of the cylinder liner landing area for 40% of the
cylinders (25%).

A1l cylinders showed minor scuffing. Ouke 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
TD1 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 1B engine cylinder liners are acceptable,
PNL concludes that these liners also will suit their intended purpose.
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Component: Cylinder Head Studs
Part No: .03-315-01-0A (01d Design)
Owners' Group Report: Stone & Webster, March 1984

Brief History of Component

To date, no failure of cylinder head studs has been reported in the
nuclear industry. However, some isolated failures have been reported in the
non-nuclear field. The cause has not been reported.

Owners' Group Status

Stone & Webster Engineering Corporation has analyzed both the 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:. were performed on a single stud from each of four
cylinders.

The as-found torque was above 1100 ft-1b (1500 ft-1b specified) for all
measured studs. Duke believes this to be acceptable. No significant indica-

tions or material problems were detected. The 1B 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
crneludes that the old design as being used at Catawba remains adequate for its
intended purpose, assuming all stud preloads are as specified,
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Component: Engine Base and Bearing Caps
Part No: -02-305C
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
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 1B 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 capscrew 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:
measuring breakaway torques

visual examination

magnetic particle testing

material comparitor and hardness tests.

¢ o o 9

The range of breakaway torques for the intake/intermediate and exhaust
capscrews was 278 to 376 ft-1b and 324 to 498 ft-1b, respectively. Comparing
these values to the specified torque of 365 ft-1b, Duke concluded thal Lhese
ranges were acceptable. Further, no indicalions or material problems were
jdertified. Due to the saticfactory inspection results on the 1A diesel, Duke
pronoses to examinc che 1B diesel rocker arm capscrews visually and by magnetic
particle Jdetection 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
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 1B engine.

58



Component: Connecting Rods
Part No: 02-340A
Owners' Group Report: FaAA-84-3-14

Brief History of Component

Various connecting 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 1ink rod and link pin as assembled. Under tiring 'nad, 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-1b,

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.” Tnis “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 1B 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:

® visua) inspection of 100% of areas subject to wear (rack teeth,
washers, seating surfaces)

® measurement of 100% of link pin and 1ink bushing dimensions (25% for
piston pin bushing)

® material comparitor and hardness tests on 25% (4) connecting rod
assemblies (master rod, rod box, and link rod)

o liqu' ' penetrant test of rod box areas subject to cracking

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

® measurement of breakaway torque on 100% of connecting rod assemblies
9 inspections of connecting rod oil passages

e magnetic particle testing of 100% of connecting rod bolts

® visual inspecticn 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

o measurement of connecting rod bolt elongation by ultrasonic testing.

Results of the material comparitor and hardness tests, the magnetic
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-1b (specified torque of
1700 ft-1b) and 880 to 1410 ft-1b (specified torque of 1050 ft-1b),
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 manufacturer requires at least 75% contact. Inspection
results are not yet available for the elongation tests.

PNL Evaluations and Conzlusions

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.

Duke has appropriately addressed the generic issue of potential connecting
rod problems through extended operations, disassembly, and inspection. PNL
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
comprehensive surveillance and maintenance program (see Section 7.0).

61



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 potentia! 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 261 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 shculd 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 Owners' 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.



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
fabrication., 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 18 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

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 installed on
the TDI 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 1B engines to be acceptable, with a recommendation that a
limiting torque be established for one of the pump shaft nuts.

Duke Power Company Status

The 1A diesel jacket water pump inspections included:
® visual inspection of the driving gear, coupling, and clearance ring
® material comparitor and hardness tests of the shaft
® liquid penetrant examination of the coupling, shaft, and impeller
® radiography examination of the impeller,

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 1B 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 1B 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 reinstalled
within the recommended torque ranges.
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Component: Air Start Valve Capscrews

Part No.: iGg-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-1b. Duke concluded
that this range represents an acceptable variation from the specified torque of
100 ft-1b. Twenty-five percent of the 1A capscrews were measured for length;
all those measured were within tolerance. For the 1B 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 the 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.




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 tctal operating time. For
50% of this time, the 1A engine was operated with loads at or greéter 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 100% 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 inspecticns 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 engire are planned following com-
pletion of the 1A engine reassembly. Results of these inspections will be
factored into the Owners' Group Phase Il DR/QR program for Catawba.
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Duke Power Company's report, entitled Catawba Nuclear Station Diesel
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
siston 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,
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 0il system is being developed to minimize possible
recurrence of the praoblem. It will be installed by September 1,
1984, In the meantime, the bearings have been replaced as necessary
to ensure operability.

o Several other problems of potential significance to engine 1A
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)
experienced 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 0.25-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 discussed
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 o0il 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

3 Except for the AN piston skirts, the significant engine components
were found to be in operable and reliable condition after the
extended operational tests, or were appropriately serviced or
replaced.

e 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.

e 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 ard reliable to fulfill its intended purpose, at least until the first
reactor refueling outage.(2)

(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 1B DIESEL ENGINE OPERATIUN

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 1B 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 additicnal
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
18 engine would be based on the results of the Catawba 1A and other TDI
emergency diesel engine inspections.

Duke Power Company has now completed its planned extended operation tests
on the 1B 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 1 diesels (1A and
18). In an earlier letter, dated July 6, 1984, from H. B. Tucker to NRC, Duke
presented a proposed inspection plan for the 1B engine at Catawba.

5.1 CATAWBA 1B 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
recently sucessfuly completed its extended operation test, which consisted of
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over 750 hours of operation, Duke has concluded that the 1B 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
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 1B 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 1B 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 1B engine,
except for a few components, is the same as that performed on the lA engine.

5.2.1 PNL Evaluation

The plans for the 1B 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 resuits 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 1B 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:

e 100% disassembly of link and master rods and in situ 1nspect16n
(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 18 engine inspection report precludes PNL from evaluating the inspection
findings and dispositions. After Duke Power Company has completed the
18 engine inspections, they should document the methodology, the findings, and
the actions taken. Pending successful completion of the 1B engine inspection,
reassembly, and return-to-service testing, it is assumed that the Catawba 18
diesel engine will have compiled a record that will demonstrate its operability
and reliability.
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6.0 REVIEW OF POST-INSPECTION TEST PLAN

This section documents PNL's review of the post-inspection 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 1A 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:

e run-in operations in accordance with the TDI Instruction Manual
ten modified-start(a) load tests of at least 3500 kW (i.e., 50% of
nameplate rating)

® 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)

e two fast starts(a) to a peak load of 4100 kW (59% of nameplate
rating): one start with manual turbocharger prelube, and one without
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

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 generator
reliability.

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

In June 1984, PNL recommended to NRC that preoperational testing 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:

o ten modified starts to at least 40% of “qualified" load (as defined
in PNL-5161)
® two fast starts to "gqualified" load
» one 24-hour run at “qualified" load.
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.

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
wear. The staff has also determined that the demonstration
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of a fast start test capability for emergency diesel genera-
tors from ambient comnditions 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
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 that Duke conduct the post-inspection 24-hour runs on
the 1A and 1B engines at a qualified maximum load of 5800 kW. Finally, PNL

78



-,

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 1B 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.
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7.0 REVIEW OF THE PROPOSED MAINTENANCE, INSPECTION,
AND SURVEILLANCE PROGRAM

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 OGPP 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 1B 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 Section 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 c}linder. 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 this
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) after
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
substantial, detectable proportions has not occurred within the first 24 hours
of cooldown, it is unlikely that one will develop before the next enginre
operation., However, because it is still possible, although not likely, for a
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TARLE 1. PNL's Recommendations Concerning Duke's Proposed Maintenance/Surveil-
lance Plans for Key Components of the Catawba TDI Engines
Component NRC Guldance (April 25) Duke Proposal (July 16) PNL Recommendation
Cylinder Bar-over 4 hours after engline Bar-over within 4 hours after Bar-over 4 to 8 hours atter
Heads runs and each day thereafter, engine runs and weekly there- engine runs, and again after
after, and prior to routine 24 hours and prior to routine
starts, starts,
Engine Biock Visually Inspect after 24 hours Visually Inspect monthly "or Visually Inspect dally during
and Base operation or monthly more of ten", operation, with Intensely lighted
Inspection monthly, while operating.
Connecting Visually Inspect and retorque Check bolt preloads at first Visual surface Inspection and bolt
Rods atter 24 starts, 50 hours of refueling outage (estimated preload check at 200 hours or
operation, o>r 6 months, which- equivalent to 25 to 50 starts 9 months, whichever Is first,
ever Is first, and 50 to 200 hours of
operation),
Lube 011 Check for water following pre- Check following preoperational Check for water followlng preopera-
Check operational tests, then weekly tests, then monthly or after

or after 24 hours of operation,
whichever Is first, Check
monthly for contaminants and
water In sump; check flliters,

24 hours of operation, whichever
Is tirst, Check monthly for
water In sump; semlannually

for contaminants, Check fllter
pressure drop during dlesel
operation,

tional tests, then monthly or after
24 hours of operation, whichever Is
first, Check for chemical and
particulate contamination on same
schedule, Check fllter pressure
drop hourly during operation,
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TABLE 1.

(contd)

Component NRC Guldance (April 25) Duke Proposal (July 16) PNL Recommendation

Studs/ Spot-check 25% monthly for Spot-check 25% at each Check 1008 of alr-start valve

Flixtures torque. refueling outage. capscrews and 258 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 refuelling outage, outage,

pets, Etc, each 24 hours of operatlion,

Other M/S Standby : Standby : Standby :

| tems Lube oll filter differential Week ly weekly

pressure - dally

Crankshaft deflections - hot and
cold every 6 months; hot within
15 minutes of shutdown,

Operations:

Exhaust temperature - continuous
(record hourly) Including pre~-
turbine Inlet temperature.

Lube oll, jacket water, Inter-
cooler temperatures, alr pressure
acceleromaters - monitor con-
tinuously, record hourly,

Once each refueling cycle; hot
within 4 hours of shutdown,

Operations:
Continuously monltored and

recorded (no comment re: pre-
turbine exhaust inlet)

Generally per NRC guldanze
(excapting accelerometers,
which glve no readings)

Once each refueling cycle; hot to
start in 15 minutes, complete
within 30 minutes,

Operations:

Continuously monitored and
recorded, Including pre-turbine
exhaust Inlet,

As por Duke proposal,



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 removai. 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).
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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 peridbds, 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's own
estimate, involving up to 50 starts and 200 hours of operation).

PNL Fecommendation

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 iLhe same time,
this revised pattern will reduce the cumulative downtime required, thereby
enhancing engine availability.

7.1.4 Lube 011 Checks

These checks serve two main functions:

®» They reveal any water in the oil, indicative of cracks in water-
bounded components or leakage past lower liner seals. Such water can
lead to lubrication failures, 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
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agree that weekly sampling is not warranted. However, PNL does not believe
that Duke's proposed 6-month intervals between contaminant analyses is frequent
enough to avoid possible problems.

PNL Recommendatiin

PNL recommends the following pattern:

o Check for water contamination after preoperational testing and then
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 hourly
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.

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. However, 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 preload 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, because 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 0i1 Pressure Drop

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 drops.

® The continuous keep-warm flow through the filters will (purposefully)
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.
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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:
e detection of changes in shaft configuration, such as a developing crack in

a web or journal

o detection of gradual shifts in shaft support internal to the engine
(most likely being significant bearing deterioration)

e detection of changes in external engine support, as in the concrete
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
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

Reflecting 211 considerations, PNL recommends the following pattern:

e Take hot and cold deflection readings at every refueling outage (as
proposed by Uuke). PNL's consultants deem it unlikely that the

expected hours and character of operation in the longer period will
raise the risks significantiy.
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» The hot deflection checks should be taken immediately after the
24-hour preoperational testing, so as to reflect representative
operational foundation temperatures.

® The hot checks should be initiated within 15 to 20 minutes after
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 Monitoring 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
temperature for these reasons:
e 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 the
“average" temperature measured at the individual cylinder outlet (the
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
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 temperatu-es for such engines as at Catawba show
that,-at 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).

2 wWhile 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 continuausly 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 TDl-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
field experience justifies a longer interval such as Duke proposes, PNL
comments and recommends sampling inspections as follows:

Part No. Part Name Remarks/PN. Recommendations

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

02-3108 Crankshaft Visual and RT of two highly loaded
bearing sets at first refueling
bearing shells

02-3408 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.

92



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 OGPP 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 DSRV-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 1B engine will prove
that it is comparable to the 1A engine. It also reflects PNL's current
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.

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 1B 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
these engines (under enhanced surveillance and maintenance) and on others in
the general population of equivalent TOI 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.
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It 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,

3 Should remaining inspecticns, return-to-service testing, or DR/QR
analyses at Catawba or functional occurrences in other plants, reveal
adverse conditions or results not currently expected, modification of
this general conclusion may be warranted.

8 The conclusion presumes that relevant emergency loads will not
require the Catawba engines to operate under other than momentary
loads exceeding 185 psig BMEP.

» Duke must implement and rigorously control a plan of regularly
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 turbocharger-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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May 7, 1980 : “k

H
e Y |
K. S. Canady -
Attention: R. 0. Sharpe ;_L»;;Jtﬂff'J e
7 By P g

Subject: Catavba Nuclear Station
IE Information Notice §0-08
States Sliding Link Terminal 8lock
File: CNI1412.11-1; 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
here have been no incidents of a defective link causing degradation
or failure of an electrical circuit.

All Dute Nuclear Stations will be requested to inspect States sliding
link blocks upcn installation and each time a link is operated. The
stations will also be requested to notify Design Engineering of any
perforrznce problems and to replace defective links as they are
identified.

If clarification is required, plezse contact me.

C. J. Wylie
Chief Engineer, Electrical Division

P,

G. T. Lamb
Technical Specialist

GTL/nt

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



March 17, 1980

C. J. wvlie
Design Eangiteering

Attention: B. M. Rice
Subject: Catawba Nuclear Station

1E Inforzation Notice 80-08

Attacted is a March 7, 1980 letter from Mr. J. P. O'Reilly, NRC/OIE,
which transczits 1E Inforzation Notice 80-08. This inforzation
~otice ccencerns sliding link electrical terminal blocks.

%o written response to the NRC is required. Please advise of any
act‘on tzken in regards to this notice.

K. S§. Canady, Mznager
Project Coordinaticon and Licensing

Ot

ROS:vr
Attachzent

cc: W. H. Rasin
S. K. Blackley
S. B. Eager
C. J. Wylie
g+ ‘Wa COR
C. A. Graybeal
R. A, Morgan

Sectfon File CN 801.01, B815.06, 802.15
Master File CN 801.01, 815.06, £02.15
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. ( UNITED STATES ! &
S & o , ~UCLEAR RECULATORY COMMISSION
¢ .29 % REGION 1l
R 101 MARIETTA ST, N.W., SUITE 3100
N e ATLANTA, GEQRGIA 32303
- " - - -
"'..
3 Ré?ly Refer T_O: MAR o 7 ’980
RII:JP0

50-3€9, 50-370
$0-269, 50-270
§7-287, 50-413
50-414

Duke Pover Coicopany
Atta: W. 0. Parker, Jr.
Vice President, Steam Production
P. 0, BSox 2178
Charlotte, MNorth Carolis 28242

Gzntlezen:

This Infcr—=aticn Notice is provided as notification of a gotentially
significant zatter. It is expected that recipients will review the infor-
=ation for pocssible applicability to their facilifies. No specific action
Or respcnse s requested at this tizme. If further NRC evaluations indicate
the aeed, an IE Circular or Builetin will be issued to request specific
liz:zsee acticns, If you bave questic=s regarding this matter, please con-
tact the Director of the appropriate NRC R;gicnal Office.

Sincerely,

//5/%

azes P. O'Reilly
Di-s-'or

Inclosures:
1. 1IE Inforzaction Notice

No. 80-08 w/its Enclesure
- List of Recently Issued

IE Inforzmation Notices
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SSINS: 6870

. e UNITED STATES ' Accession No.:

NUCLEAR REGULATORY COMMISSION 7912190689
OFFICE OF INSPECTION AND ENFORCEMENT ’
WASHINGTON, D.C. 20555

March 7, 1980
IE Information Notice No. 80-08
TRE STATES CCMPANY SLIDING LINK EIECTRICAL TERMINAL BLOCK
Description of Circumstances:
OCn July 19, 1579, the Ccnsucers Power Coxzpany notified the Nuclear Regulatory
Ccozission of a Cdefect found in the sliding link electrical terminal block

enufactured by the States Cecpazy, a subsidiary of Multi Amp Corp. The
defective terzinal blocks were found at the Midland plant.

The cronection between the two slotted bars on the terminal block is made by a
U-chaped sliding link and spacer located betweea the two Sars. The top of the
U-shoped link and the spacer are drilled and the bottom of the link is o
thresded to accept a 8-32 screw. When the screw is tightened it binds the
link, spacer and bar togetber to make electrical connection. Locseniag the
screw and sliding the link frem between the bars breaks the cenzection. The
purpose of the link is to provide easy insertion of test instruzents, etc.
into the circuit.

Le defect, which has been identified in 5% of the terminal blocks checked,
occurs in the form of a crack betueen Lhe threaded screvhole and the side of
the U-shaped link. When the screw is tightened the crack widens and a poor or
internittent electrical connection canm result. A defective link is izmpossible
to cinch tightly in place and is difficult to detect visually.

Enclosure 1 shows the States Cozpany terminal block. The defect, a crack in
the bottom portion of the metal U-shaped link, is displayed in the exploded
view of the terminal block assembly. These “terminal blocks are videly used in
the nuclear industry and zay be used as perzanent installations in safety
related systems. The defective mechanical cocmection can cause an electrical
c€ircuit malfunction.

This Inforzation Notice is provided to inform licensees of a potentially
significant gatter. It is expected that recipients will review the informa-
tion for applicability to their facilities. No written response to this IE
Inforration Notice is required. However, the reportiagg requirezents as set
forth in the regulations zust be met., If you require additiocnal information
regarding this matter, contact the Director of the apprepriate NRC Regional
Office.

Faclosure:
Graphic Display of Termizal
Block
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Duke Power Ceorpany -2-

cc w/encl:

J. W, Exzptog, Station Macager
Post Office Box 292

Clover, South Carolina 29710

D. G. Beam, Project Mazager
Post Office Box 223
Clcver, Scuth Carolina 29710

M. D. YcTotesh, Plant Manager
Fost Cffice Box 4LBS
Corzelius, North Carclina 28031

J. C. Rogers, Project Mazager
fost OCffice Bex 33189
Ctarlotte, North Caroliza 28242

J. E. Smith, Statica Mrnager
Pest Office Pox 1178
Scneca, Scuth Carolina 25678
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1E I-forzation Notice ( 80-08 ( Enclosure
March 7, 1580

RECENTLY ISSUZD
IE INFORMATION NOTICES

Inforzation Subject Date Issued To
Notice No. Issued
£0-08 The States Company Sliding 3/07/80 All holders of an OL or
Link Electrical Terminal Block a CP
80-07 Pucp Shaft Fatigue Cracking 2/29/80 All Light Water Reactor
: Facilities holder powver
reactor OLs and CPs
£0-06 Netification of Sigaificant 2/27/80 All hollers of Reactor
Events OLs and to cear term
OL applicants
gC-05 hloride Contamication 2/8/80 All licensees of nuclear
of Safety Felated Piping power reactor facilities
and applicants and
holders of cuclear power
reactor CPs
80-04 ?wR Fuel Exposure in 2/4/80 All BWR's bolding a
Excess of Linits pcwer reactor OL or CP
£C-03 Main Turbine Electro- 1/31/80 All holders of powver
Hydraulic Centrol System reactor OLs and CPs
80-02 8X8R Water Rod Lower 1/25/80 All BWR Facilities
End Plug Wear holder power reactor
OLs or C?s
80-01 Fuel Handling Events 1/4/80 All holders of power
- reactor OLs and CPs
79-37 Cracking in Low Pressure 12/28/79 All power reactor OLs
Turbine Discs and CFs
79+36 Cemputer Code Defect in 12/31/79 All powver reactor OLs
Stress Analysis of Piping and CPs
Elbow
19-35 Control of Maintezance 12/31/79 All power reactor facilities
and Essential Equipment with ao OL or CP
75-3¢ Inadequate Design of 12/27/79 All holders of power reactor
Safety-Related Heat OLs aad CPs

Exckacgers



URAFT
FarA.84.5.23
7AG7702

TESI02APH TEST OF DIRSERCY DIESEL SENTRATOR 1A
AT CATANZA RUCLEAR POMER STATICN

Frepared Dy
Failure Analysis Assoctates

Prepared for
Duke Power Company
422 South Church Street
Charlotte, NC 22242

vay 23, 1984
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1.0 IRTELASTION

The purpose of the torsicgraph test of tha e~ergency ciesel genarator
+28 to reasure the 2rgular displacements of e foreard erd of the cranke
shaft, These displacemants were shen used 1n conjunction with a dyramic
torsic=a) anaiysts of the crarkenaft to acsess the maxirum stresses in the

cremkshaft,

2.0 1wy SRTATION

The irstrumantation gererally consisted of an KM Teesiograpn, Signal

C-raitiorer, feta Tape Recorcer, Frequency aralyzer, Oscillcscope, Muitireter,
and sccarted intercennecting cabdles. The specific finstrumsatation used s
:‘:-\

svoxm in Tible 2.1,

T~e *arsicgraph, w»hich »2$ attacted to the front end of tne cranashaft
ste suzaifed Sy the Cetzeda plent, was used to Teasure

t=a crarkshaft relative to its ==an rotational
soced, The angular displacerment signal from the signal conditioner was recor-
ded on ~azratic tape for further analysis to cetemmine angsiar displacement
o-2orants for each orcer, Tests were condycted at several speeds ynder nee
c3d condittons, and at saveral loacs 2t cperating speed., The spactrum analy-
sor wis used to verify data integrity by determinirg harmgaic components for

2 h ol 5 zandted
2ach tese CON 1tion,

Tha tost was carried out in the following four stages:

1, Calibratisn and {rstru~entatisn rynein,
2. Vvarieple speed tests at (% lo2¢d.

3, Vartabla load tests at rated speed.

4, Post test calibraticen,



£

3.1 folibratfen end Inttruocntition Rua-in

The torsiograph was mounted on the front end of the crankskaft using a
rigid adapter plate, The tcrsiograph »as connected to the sigral conditicner
and the signal conditioner %o the instrumsntation recorder with the designated
csbles, The signal conditicner was also connected to the spectrum aralyzer
end cseilloscope to menitor the torsicgraph signals,

Tee following steps were corpleted to calibrate the instru-entetion

Lefora and after testing:

1, The recording eguipment end cedbling was caifbrated by {ntroducing a
knzem signal into the stgnal conditicner connsction and recording the signal,

2, Tra caitbration signal w2s verified by slaying teck the calidration

3. A fleld calibratton of the torsiograph «as completed follcwing the
~iaufacturer's instructions [1). The field calibraticn signal was recorded,

4. The fie'd calidration signal was played dack for verification,

After tre calibration procedur2 was corpleted, the diesel engine was
sperated at no load for epproxirmately ten minutes while cdata weas recorded,

he ire was then shut down while the reccrded cata was sxanired to verify

ke In

"W

wh

sr.mentation end recording system operation.

w

The test doc.-eatation information in Table 2,1 a25 1 8d.

-
=3

3.2 Varfable Spsed, 0% lcad Tests

The sngine w2s operated for five rminutes at rated speed ard 1O lcad,
The spead wis then adjusted vsing the machanical governor 10 operate at speeds
hetwoen 410 2nd 470 rpm.  The engine was operated at each speed for five to
sen mimutes while the torsfograph output wes recorded, The ocutput speeds and
tape footege were reccrced (Table 3.2).
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The engine was Srcught to operating speed, The lcad was adlusted
coczessively to operate at the following load conditicns for five to ten
~tnutes:  S0g, 788, 100%, and 1108, The load, current, speed, and taje

footace were recorded (Teble 3.3).

1.4 ot Test oota Yorificztien ad Caifbration

€-locted dzta records were played back to verify proper me:surement and
'ec:rcing. Tha calibraticn procedure outlired 2absve »28 reo cated and the

4.0 SISUR S 1
‘.1 Calibrzticy D.ta
e pre 2rd post test static ca!‘b'at1on data are shown in Tables 4,1
.

Teac A™D, Fance Tesc anze
-~ rv -
VIV (.at"“t. V) (Sett1wg 7%%-) (Settfng V/V)
Terstcgraph Sensitivit : = -
. i i cegree Input, degrees
Thus, from Table 4,1 for Cherrel 1
3)
1.180) *107($ mV/V
Tarsicgraph Sengitivity = o400 3) 4,817 7f!—~— .23
6 {agree

T
-
A

far Charrel 2,

(1.179) (m) (8) o g a3 TV _ 4 |

Torsiogreph Sensitivity = degree

The sersitivities for tha post test calidretfon were found %o be 4,921 ard



4,524 :!4!33' for charrals 1 end 2, respectively.
tre rultiplication factors Jsed in ¢ata redyuction e=re calculated 2s

follows:

A, Qangq v

Tape Cock* \(Set ing. Tape Ceck )

Toe) (Range Sensitivity, V/V

'1b;§:ia: futput, VEK 10Dk

o Torsiograph

'/.- e r

(degrees-3k) Sensitivity, E%ég?:)
10 ~¥/V

oot,g B o

- ‘-
x &re TP o renge Sets’ O

Tange Setting = 2 V/V

degrees-pk

teut, ok} (0.407 —— )
r

de reesopk)

(Catput, Vi 0.57%
] ey r\r‘S) (0,57 wus

4.2 variahle Spood, Fa-Lead Duta
arning the freguency of the
rasults of this test are

dat

e variabie speed test wis 'a"orwed to
firet ~oce of the crankst aft torsicral syste Tre
st in Table 4,3, Tha spaccs shown N tﬁ‘s eshle are those
Lhe f'\\.c'qy of the &th order and o tter slightly from
=able 3,2, Figure 4.1 shows that the 4th orcer critical speed 1S reached at

vaut 628 rpm, Thus, the ¢irst natural frequency is 28.6 Kz, This ‘s in good

agree~ant with the Holzer celeulation of 28,8 W2 rade by Delaval (2). Tre

ng wis estadlished %0 be agproximately 1.3%.

:atculated from
those shown in

3
-

dampi

¥ Tar output 10 Vamg (2s in spectral plots) rultiply by /2,
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e }~;;1:ude ¢f ns=iral shear siress m2y be estimated from tre amplie
tode of free-end vibration by essuning that the shaft 1s vibrating in Its
first mode, Lnler these congiticns, the nominal shear stress in the numder 8
crenkptn fcurnal and the nunder § main ‘ournal !s 8452 psi per degree of free-
and visration [2). Thus, the raxirum emplitude of noninal shear stress curing
tha varizile spesd test was 4543 psi.

4.3 yeriable Lozd D ta

T™a variable lcad test at rated speed wig performad to cetermine the
s=plityde of vitration and estirite tha rnzmiral shear stress- as a functicn of
tead, The results of this test are shcen in Tadle 4.4, Figure 4,2 shows the
i-plitede of vibration fncrezses with iced to @ maxirum of 0,60 cegrees. The
f1gore also shows the respense of the other major orcers, while tre 1 124
2175, end 3 }/3 order responees fncrezse with increasing ioad, the 4th crler
ree~snse h2g 31 increase foiltezd by 4 Cacrease, so that the response of this
.reer is 2paroxinataly the sime et full lcad es it s at ro foud,

The arplituce of namiral shear stress ~2y W@ estimated from the 2p1.
tude of free-end vidraticn by assunfng that tha shaft s vibrating in its
first mode, Under these cenditicns, the nominal shear stress in the nunber 8
crankpin jsurna) and the nurter § main jeurral is 8452 psi par Jegree of free.
end vidrztion [2). Thus, the amplitucde of noniral shear stress at full 'cad
a~d cverload are 2s follows:

Ful) Load Overtoad oEMA (3]

7000 kW 7800 kW allomgble

Single ordar (3 %/2) 2079 psi 2172 pst §0C0 psf
Combired response 4937 psi €071 psi 7000 »st



5.0
Tre
.

CRAFT

CSLUSIONS
r4110wing conclusions are made!l
tae first natural freguency of the
28,6 vz, 274 1y {n good egresmant with Dalaval rolzar calculations 2l.

3
she stresses are bdelow ooMA's [3] allawables for both single order and

wisgg responsa at full lead ard 1108 ic2g,

sergicnal system s approximately



iﬁfif‘-“r;ﬂ

| 3M Onarating Manual for Sotary vidration *rensducer, 160,03-1.0-1,0e,

2. ying, <0'2nd, “torsicnal 2nd Lateral Critical Szeed, Engine Nurters
78C17/20 nataval-Enterprise Engina Mocel ncaye16-4, 7000 kWw/977C BH? at
(50 mpM,* Delaval frgine § CoTpressor fivistan, Caklang, California,
fetehar 22, 1975

3 S_‘.zf_;e.rdw?_r_a_cticis 'cr__L':_-f_"g_n_g}'.;-ﬁ‘.w t-ced 3teticnary ODiesel and 2%
Engines, rTesal trgine ranJfectirers Tisociation, &un ed., 1872,



Table 2.1: EQUIFINT L1ST

¥odel
ND,

8D S

gqut {pment
Dﬁscr19t1on

potary yibration
Transducef

-'hz Carr‘er kxS 72.08

c.al Trace et 4
Cscilioscepe

n.e) Channe!
FFT Aralyaer

cable (connect
transcucer to
arpitfier)

19 {connect
J11fier %0
2

cs
amp)
og ceck)

-
-
-
+

-

cadle (connect
tape ceck mon: itor
to Spectrym @7 alyzer
or oscilloscope

Jigital multireter

Carial

N,

597

£2-11876

114007131

Loieszl

n/e




T:h1e 3.1: TOTSIOCAPM TEST DOCU L KNTATION

Ouke Fowmar Date: 4/3/84

coY Aemee

Job Kumser:  PAD 77C2

Lacation: Catzeba Power Station
J.ke Power Co.

ne

-

P Z.rerator, cortec, Inc,

Test farsonnel:
Steve Slesy FedA
Paul Johnston FahA
Fas Moilwee Quke Fower
Cennis lvey QA.Ouke Fowar




T qable 3,23 TONSICTAR

est Tersonnel: Stave 'ess, FabA
payl Jahmston, FRAA

VA2IARLE SPEED TEST

Cerais lvey, QA-D.ke Fimar

o~ - - - -
Pae Ycilwze, Jr@ Fower

Test Soeed (RPA)S Teze 1.0,
450 (testesysten check ) Duke Fowar Al
480451 001
¢40 §001
$35 201
&30 §001
¢28 001
420 $201
07 #2001
40 o3l
470 #2001

v ATT speeds cetermined DBy strebescope

”)""QQ‘ .

10

tate: 4/3/84

Tape Feotage

132-159
159-184
184209
208-238

236-289 °

s;nc\raﬂ‘:cd with =ark on £J3



Personnal :

Table 3,3: TURSIOC"APH VARIASLE LOAD TEST

Steve Riess, F2AA
Paul Je*nston, FeAAR
Rag N:zflwge, Diuke rlwer

Cennds Ivey, CA-Duke Fowar

Current (A7) Tape 1.0,
480 Duke Fower #001
150 rCl
1010 #2001
1110 r201

11

Date: &/3/84

Tage Footage
371-335
335-419
£12-241

421.454
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Tasle 4,1: PRE TEST STATIC CALIBPATION

Static \.,na?s Cutput Teec Ranga Setting WM Signal Cond. Setting
Input dc)(V/V) my
[egres) O 1 o o2 0% )
+3 585 . 537 8 5 50 5
-3 -.5%6 -,552 ] 5 50 s
+3 54 587 5 5 $ 5
2 (sl 009 5 5 50 5

Toole #,2: POST TEST STATIC CALIERATION

ssatie voltesa Cutput Tive Romgr S:ttiag KT SHC gral fond, Setting

P T S a7 o3 Y@

+3 587 229 5 5 30 S

-3 -, 584 -,558 5 5 50 5

+3 588 .589 5 ) S0 5

0 -,007 -,003 5 5 80 5
* 3 002 Vdc

12



AT

-

Teble 4,3: WA2I/SLE S°EED FISPCISE OF D3 1A

L=14tuds of freswend viboetion (ri11162crcas) for given srecd (rpm)
Orcap L% 213 7 ¢29 432 0 452 L£9 471

P S A S e e

0.9 28 22 8 27 25 14 16 16 24
1.0 7 3 7 6 7 5 7 6 8
1.5 il 41 &0 &) 40 a1 4l 42 43
2.0 5 § 6 8 9 1 12 12 .
2.9 57 58 8 €0 0 61 €4 §6 £8
2.0 1 1 i 1 1 1 2 3 -
3.5 20 44 &7 51 £ €1 17 55 141
£.0 78 40 23§ 210 7% 171 50 €6 51
4.3 ) 32 i 24 22 19 15 i3 . 11
5.0 2 1 2 2 2 2 1 1
8.5 5 8 7 7 § S 5 S 5
§.0 s 6 8 11 10 4 3 3 3
Total 210 %0 400 €S0 470 310 250 ¢/0 280

13
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Tesle &4.4: VIRIASLE O FESPUnSE OF ED6 1A

A litude of frec-end vibration (mi1lidegress) for given load (kw)
Crdar 0 ¥0 520 71000 7820
0.5 16 i 67 43 55
1.0 7 7 § 6 -
1.9 41 102 140 178 165
2.0 12 8 g 4 3
2.5 €4 134 183 231 246
3.0 2 3 k| 3 4
3.8 n 146 201 45 97
4.0 ¢0 141 163 €3 95
4.9 18 23 &3 5 46
.0 2 2 2 2 3
5.5 5 9 13 1§ 1§
6.0 3 7 10 11 12
Total 250 410 520 €30 €00

14
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. RE
t"'. “lig

S %, UNITED STATES
.Y & NUCLEAR REGULATORY COMMISSION
5.‘}_':¥~,f i WASHINGTON, D. C. 20555
o mewdf s July 2, 1984 .
1,) - ’O
(

T0 ALL LICENSEES OF OPERATING REACTORS, APPLICANTS FOR AN OPERATING
LICENSE, AND HOLDERS OF CONSTRUCTION PERMITS

Gentlemen:

SUBJECT: PROPOSED STAFF ACTIONS TC 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 reliability
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
p-44,

Plants licensed 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 postuiated events following a loss
- of offsite power, the staff has determined 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 apprecach 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

Thic 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 cubject are provided in Enclosure 1. Licensees are requested to
describe 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.

840702020¢
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3. Diesel Cenerator Pelizbility

icensees-are requested to describe their program, if any, fo- ztteining
end reinteining a reliebility coal for their diesel generators. An example
of a perforrarrce Technical Specification to support a desired diesel
cererator reliebility gcal hes beer provided by the staff im Erclocsure 3.
Licersees are requested to comment on, and ccrpare their existing program
or &ry propesed pregrem with the eyzmple perfor-ance specification.

Accorgingly, pursuant to 10 CFR 50.54(f), cperating reactor licensees are
requested to furnish, under czth or affirmation, no leter then 90 days from
the cate of this letter, the information reguested in Items 1 through 3 above.
Fpplicerts for cperating licenses and holders of construction permits are not
requirec to respond.

Licensees may request an extension of time for submittals of the recuired
information. Such a reouest must set forth a propcsed schedule and justification
for the delay. Such a request shall be directed to the Director, Division of
Licensing, NRR. Any such recuest must be submitted no later than &5 ca¥ys

from the céte of this letter.

This request for information has been approved by the Office of Manigement
and Budget under Clearance Number 3150-0011, which expires April 30, 1985,

Sincerely,

; \ ‘ i___
arre . EAsen¥ut, DYfre

Division of Eicensing

Enclosures:

1. Reduction in Number of Cold
Fast Starts for Diesel
Generators

? Diesel Gensrator Reliability
Date

3. Diesel Generator Reliability



EMCLOSURE 1

" WJMBER OF COLD FAST STAKT

|
iCE TFSTS FOP DIESEL GENERATORS

)’ f)

taff hae for sorztime had under review and assessment rethods of diecel
szngreter testing, The staff hes determined that many licensees use & rmethod
' =€ testing shich dces not tzhe into consideration those menufecturer reccrrended
cvepargtery ectiens such &s prelubrication of all moving perts and warmup
crocederes which &re recesséry to reduce engine wear, extend life and irprove
:yailebility. '1’*c e»‘st$ng Standerd Technical <DGC1‘iCEIiLﬁS recuire fast starts
“rem gmhient conditicns for all surveillance testing which in rany engine cesigns
znd cpereting prectices subject the diese) engine to undue weer and stress on
zncine rerts, Ceorcerns were erpressed by ACRS regarding the irposition of severe
schanical siress and wear on the diesel engine due to frecuert cold fest starts,
weleer Irhgs‘ry relzted groups (IKPO and Amcrican Nuclear Insurer) have 2lso

sxpressed concern bzsad on operéting experience thet cold fast start testing
*55u1ts in increrenta] deoracdation of diesel engines and that, if proper

procedures covering warmup prelubricetion, loading/unloading etc., were taken,
en frproverent in reliability and availability would be gained. Similar views
ve “‘en icentified by the nuclear power industry and the regulatory authority
1 Swecen, The authority in Sweden has taken corrective actions to reduce the
equency of fast starts,

I't is the staff's technical iudgement that an coverall improvement in-diesel
engine relizbility and availability car be gained by performing diesel generator
& starts for surveillance testinc using engine prelube and other manufacturer
recormended procedures to reduce engine stress and wear. The staff has also
cdetermined that the cemonstration of a fast start test capability for emergency
c¢iesel generators from ambient conditions cannot be totally eliminated because
the desiaqn besis for the plant, i.e., large LOCA ceoincident with loss of
offsite power, recuires such a capability.

In view of the ebove, the staff has concluded that the frequercy of fast start
tests fror embient 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 recuested to cdescribe their

. current programs to 2void cold fast starts or their intended actior te reduce
tre number of cold fast start surveillance tests from embient cenditions for
ciesel cererators. Licensees are encouraged to submit chences to their Technical
Srecificetion to eccomplish 2 reduction in the number of such fast starts.

-

C<her Testing

Y

#'so, the ctaff is corcerned regarding & number of additicral diesel generator
tests that are currently being required by Technical Specifications for some of
tre earlier licersed cperating plants, For example, when subsvetems of the
z=zrgency core coclire system on some plants are declared innperable, the diesel
z:rergtors ére recuired to be tested. The staff has cencluded that excessive

"esting results ir cegradation of ciesel engines. In order to . ke those ‘ew
tants rrrc-t‘snt with the majorits of the n]antg, it is the <?aff 3 pﬁ<1kvon

( *rzt *he racuiretents for testing diesel cenerzters while emergency core cooling
e~ ir~ert ¢ fpcserzble, be deleted from the Techrical Snecificztione for such

giferter icersces gre encouraged 1o propose Toactirical Speciffretions

~

.
n.n.
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TYPICAL TECHNICAL SPECIFICATICN

SURVEILLANCE 2EQUIREMENTS

€.z.7.1.1 tzch of the &ocve required Indepencent circuits Deimeen the
pffsite .rcrsm1ss1on network and the onsite Class 1E distribution
svstem shall b
a, Determined OPERA2LE at lezst once jper 7 days Sy verifying
correct brezker alignment, .nd1Ccted power availebility, and
b. emonstrated CPERABLE at least once per 18 months during

utdcwn by treansferring (manually and autcrmaticaily) unit
,‘.cr supply from the normal circuit to the alterrate circuit.

$.8.1.1.2 tach diesel generator shall be demonstrated OPERABLE:

a. xn accordance with the frequency specified in Table 4.8-1 on a

STAGGERED TEST BASIS by: r

1. Verifying the fuel level in the day and engine-mounted fuel
ténk,

s Verifying the fuel level fﬁ 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
10 seconds.* The generator voltage and frequency shail be
(4160) = (£20) volts and (60) = (1.2) Hz within (10)* seconds
after the start signal. The d1ese1 generator shall be staried
for this test by using one of the following signals:

a) Manual

b) Simulated loss of offsite power by itself.

*ine ciese! cenerator start (10 sec) from ambient conditions shall be
performed at least once per 184 days in these surveillance tests. Al
other engine starts for the purpose of this surveillance <es: ing may be
preczced by an engine prelube period and/or other wermup procecures
reccmmended by the marufac.urer S0 that mechanical stress and wear on
the Jiesel engine is minimized.

NOTE: Bars in the margin chow changes made to the Stancarg Tec-rical

Specifications.




1ess of ofvsite pcwer in conjuncticon with an
;ation test signal. :

d) An ESF actuation test signal by itself.

wn

. Verifying the gererator is synchronized, loaded to greater
then or equal to (continucus rating) in less tnan cr equal to
( ) seconds,* and operztes with a locad greater than or equal
to (continucus rating) for at lezst 60 minutes,

6. Verifying the diesel generator is aligned to provide stencby
pcwer to the associated ermercency busses.

At least once per 31 cdays and afier each operztion of the diesel
where the pzsrind of operation was greazter than or equal to 1 hour
by checking for and removing accumuiated water Trom the cay and
engine-mounted fuel tanks.

At least once per 92 days and from new fuel 0il prior to zdditional
to the storage tanks by verifying that & sample obtained in -
accordance with ASTHM-DZ70-1975 has 2 water and sediment content of
less than or equal to .03- voiume percent and a kinemetic viscosity
@ 40°C of greater than or equal to 1.9 but less than or egual to
4.1 when tested in accordance with ASTM-D97E-77, and an impurity
level of less than 2 mg. of insolubles per 100 ml. when tested in
accordence with ASTM-D-2274-76.

At least once per 18 months, during shutdown by:

1. Subjecting the diesel to an inspection in accorcance with
procedures prepared in conjunction with its manufacturer's
recommendations for this class of standby service.

2. Verifying the generator c2pability to reject a loac cf
greater than or equal to (larcest single emercency Tcad) kw
while maintaining voltace at (4160) = (420) velts end .
frequency at (60) = (1.2) Hz (less than or ecual to 7
“he differznce betneen ncminal speed énd the Overspes
setocint, or 15% zbove nominal whichever is less).

5% of
d trip

3, Verifying the generator capability tec reject a lcac of
(continuous rating) kw without tripping. The generz:or
veizzge shall not exczed (4784) voits during and fci’owing the
1cac rejection.




ChCLASURE 2

DIESEL GENLEPATRP RFLIZEILITY DATA

The reliehility of diese! cenerators has been idertified zs one of the rmasp
fecters affecting the risk of core derage from station blackcut. Thus,
e*teirment end contirved maintecrence of high relizbility for diescl cenerators

is recessary to the resolution of USI A-84, To 2ssist the staff ir assessing

the current reliebility of diecel generators at operatino plants, licensees

are recuested to report the reliebility of each diesel cenerator at their plart
for its last 20 and 100 cdermands. This sheculd include the number of failures in
the Tast 20 end 100 valid derands ircdicatinc the time historv for these failures.
Licensees zre reguestec to indicate whether thev raintain a record which itemizes
the cerands ercd failures experienced by each diecel oenerator unit, in the
menner outlined in Regulatory Guide 1.108 position C.3.2, for each ciese)
generator unit, Licensces should also indicate whether 2 yearly data report

is meintzired for each ciesel generator's reliabilitv. The criteria Jor
determining the reliebility cf diesel cererators is as follows:

2. Veélid derands and failures are to be cdetermined ir 2ccordance
with the recommendations of Reculatory Guice 1.108 position c.?.e.
b. The reliability of esch diesel gererator will be calculated -
besed on the nurber of failures in the last 100 valid derands.



ENCLOSURE 3

DIFSEL GENERATNR PELIARILITY

Ir the ctaff's oncnina progrem to resolve US] A-44, Stetion Blackeut,

diecel cenerator religbility is cre of the factors used to determine the length
¢f time 2 plért should be able to coze with 2 station blackout. If all other
‘:c*ors are ccnstent, the higher reliebility of the diesel generator will result
ir *he Yewer probebility of 2 totel loss of AC power., !Mzintaining diesel
cereretors et or ebove srecific reliebility levels is zssured in the ceveleopment
of +he resolution of US] A-44, The relieble oyeretion of diesel cenerators
should he assured by a reliebilityv prngrer cesigned to monitor, irpreve (if
necessarv), and maintain reliability &t a specified level,

In view of the zbove, licensees are requested to cescribe their diesel generator
reliebility irprovement proorem, if any, for atteirinc end maintaining a
religbility coal. The program description should address the surveillance and
testing the licersee performs to demonstrate the selected diesel oenerator
reliability. A1l licensees have received the staff's previous letter trans-
ritting the findings of NUPEG/CR-CE6M, “Ertancerent of Cnsite Emercency Diesel
Generator Reliability, February 1979" identifying areas where diesel generator
operaticnal prohlems were occurring in gereral. Licensees should consider the
recormendations of NUREG/CR-0660 in their reliabilitv program. The staff has
developed an example for a diese! aenerator performance Technical Specification
to svpport the maintenance of diesel generztor reliebility at a specified

level, The proposed performance specification encompasses certain 2soects of
the existing recuirements for surveillance testing of diesel generators
stipulated in Pegulatory Guide 1.108 and the qualitative recommendations of
NIIREG/CR-0660, This performance specification is presented, as an example, in
the attachment to this enclosure. Licensees &re requested to comment on

and/or compare their program with the perfrrrmance specification and provide
comrents for steff consideration in “inalizing surveillance testing requirements
for diese) generators.



ATTACHMENT TO ENCLOSURE 3

EYAMPLE OF DIESEL GELEFATOR PERFCRMANCE
TECHNICAL SPECIFICATION

Eechorcund

feview of LER cate cathered as part of the staff's study of USI A-44, Station
Eleckout, indicates the median value of diesel generztor reliability at opereting
plents tc be 0.98/dsrand with ebout 75% of ciesel generators currently in

ceryice Pzvirg a reliability of 0.95/derand or greater. The follewing is an
glztorevicn of the exerple perforrence Technical Specification preposed to
~zirtein reliability levels in this rerge: -

ility Program

1. Relizhility Goals

The steff's preposed resolution of USI A-44 currently under
develcpment would provide guidance for plants to maintain diesel
gererztor relizbility at or ahove specified levels (0.95 being

the minimum desired level). In order to assure thet this level

ic echieved &nd maintzired, a surveillance test program i$

recessary. GBased on surveillance testing, should a diesel gererztor's
reliability fall below a specified level, certain actions should

be taken as presented in the next section.

2. PReliebility Level Remedial Actions

The reliability of each diesel cererator is based on the number
of failures in the last 100 valid demznds, with appropriate
remedial actions as follows. Note that "P" is defined as the
probebility of failure per demand per diesel.

PLANT GROUP RELIABILITY ACTION

A (1-P)>.95 Continue surveillance testing
at 21 day interval. Increase
surveillance testinc per Tahle
4.8.1 of Apperdix A if the
failures in the lzst 20 tests
were => 2.

Increase surveillance testina
per Table 4.8.1 of ~ppendix A

‘ and take actien per Table 4.8.2
of Appendix A.

m
O
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—
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= ]

(1-p) £ .50 Discualify DG. Recualify
DG in accorcance with Table
4.8.27 Rppendix A,

Yaes £
95 -

- . _ ) T e
The dicse) cereretor would remain incpereble from the time of the gilure

throush ‘he period required for corrective action ard until the first subsequent
valigd succeessful test is completed.




Surveillance Test Fregquency

Tn order to meet the tireliness goal, & normal test frequeniy is
ectzblished and 2 criterion for increasing the test frecuency is
nececcary to determine whether 2 mejor degradation in reliebility
is indicated.

a. MNormal plant surveillance - each diesel gererator unit
should be tested at @ freguency which is in accercence
with the manufacturer's recommendations, but in no case
shruld the tire between tests be greater than 31 cays.

b. Accelerated plent surveillance - whenever a diesel cenerator
unit has experienced two or more failures in the last
twenty derands, the maximum tire between tests should be
reduced to seven cays. This test frequency should be
maintained until seven consecutive failure-free demands have
heen perforred and the number of failures in the last 20
derands has been reduced to one or less. Two failures in 20
derands is a failure rate of 0.1, or the threshold of acceptable
diesel gererator performence, and hence ray be an early ’
indication of degradation of the reliability of a diesel
cererator. However, when considered in the light of 2 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 ~
tirely accumulation of additional test data upon which to base
judgment of the reliability of the unit.

Remedial Action Criteria

1f 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, &nd 2)
perform a reliabilty assessment of the offsite and onsite power system.
(See Table 4.8.2 of Appendix A for details regarding action required).

Requalification Criteria

1f the nurber 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 cicqualified from nuclear service and subjected to a requal-
ification program. A requalification program would be a series of 14
successfu) consecutive tests without a failure. The licensee would
perform seven consecutive successful demands without 2 failure within

30 days of the diesel generator being restored to operable status and

14 consecutive demards without & failure within 75 days of the diesel
gener>tor being restored to operable status. Refer to Attachment 2

to Table 4.8-2 of Appendix A for criteria. Two attempts woulc be allowed
to achieve the acceptable test series. During requalification testing,
a diesel generator unit would not be tested more frecuently than once in
gry 2&-hcur intervel.



Feilure to Recuelify & Diesel Generptor

14 the diesel cererator it rot requalified as cefinec ebove, the unit
vould he declered inoperzble end the action staterent in the plent
Technica) Specificetinn for onc diesel generator inopersble should

be follewed irreciately.

Diesel Cernerator Incoperability Limits

The staff has ceterrined that the 2llcwable cut-of-service period for a
ciesel gererator should be in excess of the current 72 hour Technical
Specificetion limit, while at the same time placing a yeerly 1imit upon
she tcta) curvlative time that a plant mav operate with cne of the ciesel
cenerators incperzble. By plecing &n individual Timit on maximum inoperable
tire for 2 diese) cenerztor end 2 cumulative limit of iroperability of the
cnsite power system, a fremework is estzblished within which flexibility
i¢ provided to allow a2 licersee to hest optimize planned and unplanned
service of diesel cenerators at 2 plant. This would limit plant risk

from station blackout at the seme time allowing flexibility for any given
nutage. Licensees may propose a total cumulative outage time for diesel
cererators in the Techrnical Specificetion along with the basis for the
outage time chosen, :

Valid Demands eand Failures

Valid demands and failures used in the above paracraphs should be™
determined in accordance with the recommendetions of Regulatory
Guide 1.108, position C.2.e.

Reliability Reccrds

A record should be maintained in accordance with the recomnendations
of Regulatory CGuide 1.108 position C.2.a for each diesel generator
unit at a site which itemizes the demands and failures experienced
by the ciesel generator unit. (See also Attachment 1 to Table 4.8.2
of Appendix A).



RPPENDIX A

TYPICAL TECHNICAL SPECIFICATIONS

OPERATING

LIMITING CONDITION FOR

OPCRATION

3.8.1.1 As 2 minimum, the following A.C. eiectrical power scurces shall
be OPERABLE: :

2. Two physically independent circuits between the offsite
trznsmission network and the onsite Clazss 1E distribution
systiem, and

b. Two separate and independent diesel generators, each with:

i
1. Seperate day and engine-mounted fuel tanks contzining
a minimum volume of gallons of fuel, ‘

2. A separate fuel storage systeh containing a minimum
volume of galloms 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
power sources inoperable, demonstrate the OPERABILITY of the
remaining A.C. offsite source by performing Surveillance
Requirement 4,.8.1.1.1.2 within 1 hour and at least once per 8
hours thereafter; and Surveillance Requirement ¢.8,1,1.2.2.4
within 24 hours; restore at least two offsite circuits and two
diesel cenerators to OPERABLE status within 72 hours or be in
at Jeast HOT STANDBY within the next € hours and in COLD
SHUTOOWN 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 prograr surveillence
requirerertc, Bars irn the margin show changes for those portions
of technical specifications associated with these two iters, It
is necessary for licensees to incorporate these charces into
existing piant technical specification upon impierentation of
these two items.
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With a diesel generator of the above required A.C. ejectrical
poser sources inoperable,* cdemonstrate the CPERABILITY 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
thereafter; and Surveillance Requirerznt 4,8.1.1.2.2.4 within
24 hours; restore diesel cenerators to OPERABLE status within
(A**) dzys*** or be in at least HOT STANDEY within the next 6
hours and in COLD SHUTDOWN within the following 30 hours. At
the number of failures for the inoperzble diesel incicated in
Table 4.8-2 perform the Acditional Reliazbility Actions
prescribed in Table 4.8-2 and its attachments.

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 4.8.1.1.1.2 within 1 hour
and at least once per 8 hours thereafter and Surveillance
Requirement 4.8.1.1.2.2.4 within 8 hours; restore at least one |
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 the offsite circuit restored to OPERABLE status,
follow Action Statement b,

*A diesel generator shall be considered to be inoperable from the tire
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 basec on the
manufacturer's recormendations and previous maintenance and repair
experience. Every reasonable effort shall be made to restore
individual diesel generators to operzble status within that time
period (A). Every reasonable effort shall be interpreted to rezn
that diagrosis and repairs are to begin immediately and are to
continue uninterrupted until the diesel generator is declerec
operable or an orderly retreat to cold shutdown is initizted.

***The raximum total cumulative time that the diesel csneretors of the
(‘ -

onsite emergency AC power system may be ir the INGFIRABLE

given year shall be proposed by the licensee.
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LCTION:  (Continued)

d. With two of the above required offsite A.C. circuits
incperzble, demonstrate the OPERABILITY of two diesel
generators by performing Surveillance Requirement
4.8.1.1.2.2.2 within 8 hours unless the diesel
generators 2re already operzting; restore at least ore of
the incperzble offsite scurces 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 Actior

tetement a.

e. HWith two of the above required diesel cenerators iroperable,
demonstrate the OPERABILITY of two offsite A.C. circuits by
performing Surveillénce Requirement 4.8.1.1.1.2 within 1 hour
and at least once per 8 hours therezter; restore at least one
of the inoperable diesel generators to OPERABLE status within
2 hours or be in at least HOT STANDRY within the next 6 hours
end in COLD SHUTDOWN within the following 30 hours. With one
diesel generator unit restored, follow Action Staterent b and
d.



SUSVEILLANCE REQUIREMENTS

4,8.1.1.1 Each of the above required independent circuits be<ween the
‘site transmission network &nd the onsite Class 1E distribution system
17 be:

3. 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 du}ing
shutdown by transferring (manually and automatically) unit
power supply from the normal circuit to the alternate circuit.

r
4.8.1.1.2 Each diesel generator shall be demonstrated CPERABLE:

a. In accordance with the frequency specified in Table 4.8-1 on &
STAGGERED TEST BASIS by:

1. Verifying the fuel level in the day and engine-mounted fuel
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 (90C) rpm in less than or egual to
18kseconds.* The generator voltage and frequency shall be
(4160) = (420) volts and (60) = (1.2) Hz within (10)
seconds after the start signal. The diesel gererator shall
be started for this test by using one of the following
signals:

a) Manual .
b) Simulated loss of offsite power by itself.

*"re ciese! generator start (10 sec) from ambient conditicns t¢hall be
performed at least once per 182 gays Yn these surveillance tests. All
c+her engine starts for the purpose of this surveillance tesiing may be
preceded by an engine prelube period &nd/or other warmup procsdures
recc-mended by the manufacturer so that mechanical stress anc wear on
<he ciesel engine 1s minimized.
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UTREMINTS {Contired)

c) Simuleted loss of offsite power in conjunction with an
ESF zctuation test signal,

d) Ar ESF actuztion test signal by itself,

5. Verifying the generztor is synchronized, lcaded to greater
than or equal to (continuous rating) in less thar or egual
to ( ) seconds,* and operates with a lcad greater than or
equal to (continuous rating) for at least €0 minutes,

6. Verifying the diesel cenerator is aligred to provide
ctencby power to the associeted emergency busses,

At least once per 31 days and after each operation of the
cdiesel where the period of cperation wes greater than or
equal to 1 hour by checking for and remcving accumulated
water from the day and engine-mounted fuel tanks.

At least once per 92 days and from new fuel oil prior to =
addition to _the storage tanks by verifying 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 @ 40°C of greater than or equal to
1.8 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.

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
recormendations for this class of stancby service.

2. Verifying the gererator capability to reject a load of
areater than or equal to (largest single emergency lo02d) kw
while m2intaining voltage at (4160) = (420) volts and
freauency at (60) = (1.2) Hz (less than or equal tc 750 of
the dif“erence between nominal speed and the overspsed trip
setpcint, or 15% above nominal whichever is less).

3. Verifying the generator czpability to rejiect a Yoad of
(continucus rating! kw without trippinc, The cenerztor
veltace srall .ot exceed (4784) volts curing and following
the loacd rejection,

*See footnote on pzge 4
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SURVEILLANCE REQUIREMENTS (Continued)

4. Simulating a loss of offsite power by itself, and

a) Verifying de-energization of the emzrgency busses and
load shecding from the emzrgency busses.

b) Verifying the diesel starts on the auto-start signal,
energizes the emercency busses with permznently
connected loads within (10) seconds, enargizes the
auto-connected shutdewn.lozds through the load
sequencer and operates.for greater than or ecual to S
minutes while its generator is loaded with the shutcdown
loads. After energization, the steady state voltage
and frequency of the emergency busses shall be
meintained at (4160) = (420) volts and (60) + (1.2) Hz
curing this test, '

S. Verifying that on an ESF actuation test signal, without
Toss of offsite power, the diesel generator starts on the
auto-start signal and operates on standby for greater. than
or equal_to 5 minutes. The gengrator voltage and frequency
shall be (4160) '+ (420) volts and (60) = (1.2) Kz within
(10) seconds after the auto-start signal; the steady state
generator veltage 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
ioad shedding from the emargency busses.

b) Verifying the diesel starts on tre auto-start signal,
energizes the emercency busses with permanently
connected loads within (10) seconds, energizes the




> 7 =

SURVEILLANCE REQUIREMENTS (Continued)

10.

auto-connected erercency (accicent) loads through the
loed seguencer and operates for greater than or equal
to 5 minutes while its generator is loaded with the
emercency lozds. After energization, the stezdy state
voltace and frequency of the emergency busses shall te
maintained at (4160) = (420) volts and (60) = (1.2) K2
during this test.

c¢) Verifying that all autcratic diesel generator trips,
except engine overspeed and generetor differential,
are autoratically bypessed upon less of voltzge on the
emergency bus concurrent with a safety injection
actuation signal,

4

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 equzl 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 réting) kw., The generator voltage
and frequency shall be (%160) = (420) and (60) = (1.2) Hz
within (10) seconds after the start signzl; the steady
state generator voltage and freguency shall be meintained
within these limits during this test. Within 5 minutes
after completing this 2¢-hour test, perform Surveillance
Requirement 4.8.1.1,2.d.7.b.

Verifying that the auto-connected loads to each ciesel
generator do not exceed the 2000-hour rating of kw,

Verifying the diesel gererator's capability to:

2) Synchronize with the offsite power source while the
generator is loaded with its emergency 102ds upon 2
simulated restoratior of offsite power,

b) Transfer its loads to the offsite power source, and
c¢) Be restored to its standby status.

Verifying that with the diesel generator operating in 2
test mode, conrecteg to its bus, a sirulated seves
injection signal overrices the test moce by (1)
the diesel generator to standby operation and (2]
automatically energizing the emergency loacs with offsite
power,

* ‘e

- % H

zturning

J



ELECTRIC POWER SYSTEMS

m

Table 4.8.1

DIESEL GENERATOR TEST SCHEDULE

“urber of Failure in
Last 20 Valid Tests* Test Freguency

=1 At least once per 31 days

4
At least once per 7 days**

I\

*Criteria for determining number of failures and number of valid tests
shall be in accordance with Regulatdry Position C.2.e of Regulatory
Guide 1.108, Revison 1, August 1877, where the number of tests and
fzilures is cetermined 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.”

**This test frecuency shall be maintained until seven consecutive
failure free demznds have been performed and the number of
failures in the last 20 valid demands has been reduced to one or
less, e



No. of failures

TASLE 4.8-2

ADDITIONAL RELIABILITY ACTICNS

No of failures

within 14 days prepare and

maintain a report for NRC audit
describing the diesel cenerztor
reliability improvement program

_implemented at the site.

Minimum requirements for the
report are indicated in
Attachment 1 to this tab1$.

in lest 20 in last 100

valid test valid tests Action
3 6
5 11

Declare the diesel cenerator
inoperable. Perform a recuali-
fication test program for the
affected diesel generator. ~
Pequalification test program
requirements are indicated in
Attachment 2 to this table.
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TTACHMENT 1 TO TABLE 4.8-2

REPORTING REQUIREMENT

z minimum the Relisbility Imprcverment Program report ‘or NRC zudit
¢1l include:

e) & summary of all tests (valid and invalid) that occurred within the
tire period over which the last 20/100 valid tests were performed

b) anelysis of failures and determination of root causes of failures

¢) 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

the Plant

f

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
ceneral improvement of diesel generator reliability -

e) the schedule for implementation of each action from d) above

f) an assessment of the existing retrability of electric power to
engineered-safety-feature equipment

Once 2 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 supplemental 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/demend 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 possibie, and shall
delinezte any further procedural, hardware or operational chances

to be incorporéted into the site diesel generator improvement

program end the schedule for implementation of those chances.

addition to the above, submit a yearly data report on the diesel
erztor reliability.

"






Duke POwWER GOMPANY
NUGLEAR PRODUGTION DEPARTMENT
P.O. BOX 33189, 422 SOUTH CHURCH STREET
CHARLOTTE, N.C. 28242

(704) 373-401 |

JUL 17 B4
Mr. C.L. Ray, Jr.

Technical Program Director

TDI Diesel Generator Owmer”s Group
1225 Harding Place

Charlotte, 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.
Attachment 1 contains a summary of the operating history of the Unit 1
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 lA and 1B diesels.

you have any questions, please contact me at extension 2345.

G.W,. Hallman, Manager
Nuclear Maintenance Group
Nuclear Production Department

GWH:RMR: rmm

cc: Emmett Murphy
Carl RH. Burlinger
R.P. Muschick

0. Sharpe

J. Wylie

.W. Hampton

V. Carr, Jr.

na Smith

W. McCollough



ATTACHMENT 1

1.0 Purpose

2.0

3'0

This document summarizes the attempts to start the Catawba Nuclear
Station Unit 1 diesel generators from its documented operating history.
This document also provides a discussion of each failure to start and
steps taken or being taken to prevent recurrence.

Summary

The Catawba Unit ] diesels have been through a combines total of 361
documented atiempts 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 lA and 1B diesel engines are shown graphically in figures
1 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 1B diesels.

Definit

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 Successful Start = Applies when Dboth of the following
conditions are met:

A) The diesel engine starts and accelerates to > 427 RPM (2 952
speed) within 11 seconds.

B) The D/G is successfully loaded to > 3500RW (50% continuous
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
condit ions given in 3.3.A. below and C.2.e(2) of Reg. Guide 1.108.

3.3 Invalid Successful Miscellaneous Starts - Apply when any 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. Malfunction of equipment that is not operative in the
emergency operating mode or is not part of the defined
4iesel generator unit design.

B) A successful start that is terminated 1intentionally without
loading.



3.4

C) Tests that are terminated intentionally before completion (as
defined in 3.1.)

D) Tests performed during trouble-shooting.

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 9alid Failures To Start

Diesel Generator lA

. 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
operations involving swapping the
lube oil filters to prevent
recurrence of this problem.

“ Start No: 94

Reason For Start: Blackout Test

Trip Indication: None Received

Causat ive Factors: The Timer/Not 9 Module of the
shutdown logic board, a device which
allows the switchover from the Group
IT alarm lockout circuit to the Group
IT alarm active circuit, had drifted
out of calibration. This pneumatic
timer had not been calibrared since
the beginning of the extended run
test, e.g. 68 hours. Recalibration
of this item corrected this problem.



Corrective Action:

Diesel Generator 1B

€ Start No: 58

Per Reference 2, the pneumatic engine
shutdown system 1is loop tested and
calibrated during each refueling
outage. With engine operation
anticipated at less than 50 hours per
year, this calibration frequency
should providr adequate surveillance
to prevent recurrence of this
problem.

Reason For Start: One Hour Test Run @ 3500KW
Trip Indication: Breaker Open on Diesel Generator

Causat ive Factors:

Corrective Action:

- Start No: 70

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.

The generator control system is
tested and aligned each refueling
(Reference 2). With engine operation
anticipated at less than 50 hours per
vear, this frequency should provide
adequate surveillance to prevent
recurrence of this problem.

Reason For Start: Trouble-Shooting*
Trip Indication: Failure To Reach 427 RPM in 11 Seconds

Causative Factors:

Corrective Action:

= See footnote, next page.

As part of the search for the voltage
regulator problem described in Start
No. 58, adjustments were made to the
speed regulating governor. The
failure of the engine to come up to
speed was due to misad justment of the
governor. Re-ad justment ccrrected
the problem.

In addition to the corrective action
taken on the voltage regulator in
Start No. S8, the settings on the
speed regulating are verified each
refueling (Reference 2). With engine
operation anticipated at less tkan 70
hours per year and engine sgpeed
monitored during engine operaticn,
this should provide adequate
surveillance for preventing
recurrence of this problem.



"Valid Failure To Start".

Start No.: 82

Reason For Start: Engineered Safety Features (ESF) Test
Trip Indication: Failure to Reach 427 RPM in 1l Seconds

Causative Factors:

Corrective Action:

Start No: 202

Reason For Start: Trouble-Shooting*

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 rum to perform the ESF Test,
and was assumed to be in a state of
readiness). The actuator was filled
with o0il and the problem cleared.
The leaking seals were undetected at
this time.

During the 1B disassembly and
inspection the actuator seals will be
replaced as required to correct the
leakage (reference 3). Additicnally,
the oil level in the governor will be
checked during operation and monthly
during ESF readiness checks to
prevent recurrence of this problem.

Trip Indication: Overspeed

Causative Factors:

Corrective Action:

Primary cause was again low oil in
the speed regulating governor’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, associated
with the voltage regulator problem
described in Start No. 58, no ESF
check was made.

Because of the duplicate nature, the
corrective action described in Start
No. 70 will be taken to prevent
recurrence of this problem.

While this falls under the criteria of "Invalid Failure To Start", Duke
believes that should
operat ional mode rather than trouble-shooting, it would bave produced a
Therefore, it is being treated as such.

this condition have existed 1imn anp



(] Start No: 212
Reason For Start:

Trouble-Shooting*

Trip Indication: Failure to Reach 427 RPM in 1l Seconds

Causative Factors:

Corrective Action:

* See footnote, previous page.

In an effort
oscillations

to rectify the
associated with the
voltage regulator problem,
ad justments were made to the speed
regulating governor and the fuel rack
linkage. Improper adjustment of the
rack linkage caused it to bind in the
nc fuel position. Read justment
corrected the problem.

The fuel rack 1linkage 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.
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Diesel Generator 1A
Total Start Attempts 120

//' Valid Successful
Starts
Miscellaneous Starts
52 (43%)

(trouble-shooting,

warm-ups, etc.)

64 (53%)

Valid Fallures
iIndeterminate —A To Start

2 (2%) 2 (2%)

Fla. 1.



Diesel Generator 1B
Total Start Attempts 241

Valid Fallures To Start—7

—‘ﬁ\\\\\\\\\\ 5(2%) /
/

Valid

Successful
Starts
55 (23%)

Miscellaneous Starts
\ (trouble-shooting, warm-ups, etc.)

\ 181 (75%) /

| Guls

Fig. 2.



ATTACHMENT 2

Documented Diesel Operating History
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REMARKS DETAILS

For 75018 (Diesel Generator lA)

Diesel Generator 1A was started to check operation prior to commencing
Extended Run. Engine tripped on Low Turbo 0il Pressure after approximately
2 minutes. Contributing factors were cold lube oil and the first
indications of turbocharger bearing failure. Turbochargers were replaced
later.

nijesel Generator 1A was started to check operation prior to commencing
Extended Run. Engine started but after approximately 2 minutes, & 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 ty I&E. -

Diesel Gen rator 1A was started to check operations prior to commencing
Extended Run. Engine tripped on Low Turbo O 1 Pressure after approximately
2 minutes. Contributing factors were cold 1 be oil and the first
indications of turbocharged bearing failure. Turbochargers were replaced
later.

Diesel Generator lA was started to check operation prior to commencing
Extended Run. Engine tripped after approximately 2 minutes tecause the
Barring Device was not properly reset. Barring Device was reset. C
while loaded to 7000 Kw, the Right Front Turbocharger Lube O0il Drip Line
failed at ferrule. The engine was manually shutdown to prevenv 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 0il
Injection Pump cracked. The engine was manually shutdown to prevent a fire
hazard. The entire Fuel 0il Injection Pump was replaced under WR #80950PS.

Diesel Generator 1A was started to continue with the Extended Run. Engine
tripped after approximately 2 minutes because of Low Turbo Oil Pressure.
Contributing factors were cold lube oil and the first indications of turbo-
charger bearing failure. Turbochargers were replaced later.

while loaded to 7000 KW, a temporary sodification to the Left Front
Turbocharger Lube 0il Drain failed resulting in an oil spill. The engine
was manually shutdown to prevent a fire hazard. While the engine was
shutdown:

The turbochargers were replaced

A cracked cylinder head was replaced

Push rods were replaced with a newer version
A damaged rocker box assembly was replaced

o0 w@>

The Diesel Generator lA was manually shutdown to allow for readjustment of
valve lash following the push rod repiacement.



10.

11.

18.

I 8

14.

16.

19,

The Diesel Generator 1A tripped on Low Low Lube Oil Pressure shortly after
start. Suspect that operating error in swapping the Lube Oil Filters caused
this preblem.

The Diesel Generator 1A was manually shutdown to investigate peossible water
loss from the Jacket Water System and the reason for excessive outlet
temperatures on Jacket Water and Lube 0il. 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.

The Diesel Generator 1A was manually shutdown to investigate excessi.e
outlet temperatures on Jacket Water and Lube Oil. This was corrected by
replacing the defective thermocouples.

While loaded to 7000 KW, the Left Front Turbocharger Lube Cil 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.

The Diesel Generator 1A was manually shutdown to repair a crack in the Right
Front Turbocharger Aftercooler. The crack developed in the afteicocler
casing at the inlet flange. The aftercooler casing was replaced under

WR #3708MNT.

The Diesel Generator lA was manually shutdown to prevent a fire hazard. The
7L Fuel 0il 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.

The Diesel Generator 1A shutdown shortly after starting. The problem was a
clogged fuel oil strainer. The strainers were swapped and this corrected
the problem.

The Diesel Generator 1A failed to start after the Load Sequencer initiated a
start signal. The problem was a short in one of the Load Sequencer's relavs
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.

The Diesel Generator 1A was started in order to calibrate the visicorder fer
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.

The Diesel Generator lA would not stay running for longer than approximately
2 minutes. No trip indicaticn was being received. I[nvestigations revealed
that the Timer/Not 9 module of the Shutdown Logic Board had drifted out of
calibration. Timer/Not 9 allows the swap over from the Group [I Alarm
Lockout Circuit to the Group II Alarm Active Circuit. This pneumatic timer
was recalibrated and the problem was corrected.
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10.

11.

REMARKS DETAILS

For 75017 (Diesel Generator 1B)

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.

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.

Diesel Generator 1B was started to troubleshoot the governor. Preliminary
adjustments to the governor caused to engine to trip on overspeed.

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.

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. )
Diesel Generator 1B was started to troubleshoot the governor. Shortly
after start the operator noticed a low temperature reading on the 1L
Cylinder. Engine was manually shutdown.

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.

Diesel Generator 1B started and all attempts to close the breaker failed.
As stated in Remarks Details #1 this was due to a defective voltage
regulator and SCR. Adjustments made to the governor seemed to help for a
short time. Problem finally resolved 6/21/84.

Diesel Generator 1B started for governor troubleshooting purposes. After
start the engine tripped on overspeed. Investigations revealed that the
cil level in the governor actuator was low. Refilling to normal oil level
corrected the problem.

Diesel Generator lB 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
to become bound in the no-fuel position. Adjustments were made to the
joint and engine response was satisfactory.

Diesel Generator 1B manually shutdown by “he Shift Supervisor because of
oscillations in the voltage regulator. After evaluations were performed,
the oscillations were not considered to be detrimental, and the Diesel
Generator was approved for restart.



Diesel Generator 1B was manually shutdown due to a leak on the right bank
aftercooler inlet jacket water line coming from a crack between the casing
and the flange. Preliminary estimations of the cause of the crack was
vibration. The aftercooler was weld repaired and return d to service under
work Request No. 9822 OPS. dition, both turbochargers were replaced
hecause of excessively worn us earings caused by the inadequate
pre-’uoe during starting. uest . 9794 OPS) A redesign of the
turboch a'ger pre-lube system u ntly in which will provide a
greater flow to the turbocharg . ! ' so, the 7R fuel pump
was replaced due to low pyrom in - linder (WR 80 PRF)
This corrected the low tempera 1 ' . was restarted.

Diesel Generator 1B trippe low 1 pressure This occurred as
ﬂpe*a:;ans personnel were at ! to change the lube oil strainers while
the Diesel Generator was on

le the engine was down,

pyrometer readings on
L fuel injector was
the cau

several times
ltage regulato

Generator lB was | lly sl ' or ESF test

Generator 1B w 1] b ' i1 4 71l line leak at
ilter A ' ] | ]

1B was manually shutdown

investigation

Diesel Generator pped on Low Turbo
revealed that the LuUD Jil Strainer was dirty
strainer, pressures ne o normal
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August 1, 1984 ) ¢ &
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Mr. Harold R. Denton, Director
Office of Muclear Reactor Regulation

-

U.8, Muclear Regulatory Commission ¥ = %é
Wasbipgton, D.C. 20555 g o
- o =

w ~

— -

W -

Attention: Ms. B.G. Adensan, Chief
Licensing Branch No. 4

Re: Catawba Nuclear Btation
Docket Nos. 50=413 and 50-414

Dear Mr., Denton:

Thia letter is in repoose to several TDI emsrgency diesel engine issues
~aised by NRC and Battelle personnel during a visit to the Catawba MNuclear
tation on July 26, 1984, The ettachmect contains responses promised by

august 1, 1984 and commitment dates for responses to the remaining itews.

Pleace call me if I can be of further service.

Very truly yours,

FE Tickoe s

Hal B, Tucker, Vice Presideant
Nuclear Production

HBT :JG: ream

Attachment

cc! Mr, James P, O"Reilly, Beglopal Adminietrator Palmetto Allience
U.S8, Nuclear Regulatory Commission 2135 1/2 Devine Street
Regien II Columbis, 8.C, 29205

101 Marietta Street, NW, Suite 2500
Atlaota Geozgia 30303




August 1, 1984
Mr. Barold R. Denton
Pege 2

ce!

FRC Besident Inmapector
Catawba Nuclear Station

Robert Cuild, Reg.
Attorney~-at-Law

P,0. Box 12097

Charleston, South Carolina 29412

Mr. Jesse L. Riley

Cerolina BEnvironmental Study Group
854 Henly Place . '
Charlotte, North Carolina 28207

Walt Laity

Pacific Nortbwest Laboratories
P.0. Box 999

Battelle Blvd.

Bichland, Washington 99352

C.H, Berlinger
ONR, V.8, Nuclear Regulatory Commission
Weshington, D.C. 20555




Attachment 1
Ausu.t 1' 198“

RESPONSES TO HRC QUESTIONS AND RECOMMENDATIONS AT JULY 26, 1984 MERTING AT

2,

CATAWBA NUCLRAE BTATION CONCERNING DIBSEL ERGINES

JACRET WATER BYETEM DEPOSITS

Item: Battelle axpressed concern regarding the deposits noted in the 1B
diesel - jacket water system in areas exposed by removel of cylinder
liners, Duke Power sgreed to review this concern and advise NRC of the
action planned in regard to these deposits.

Piscuesion' Duke Power hae reviewed the deposits in the jacket water
system., We conclude that the type snd smount of deposits in the syeten
are normal and are not a cause for concern, Most of the deposite are
covered with the same grey filam that covers the surfaces of the system,
which irdicates that the deposite are mot fresh., The amount of the
deposits is small such that there éppears to be mo danger of the
deposits interfering with proper cooling water flow or lesding to
cylinder liner sealing di ficulties,

Jacket water system paramecers have not shown any evidence of flow
resistance increase, nor bave engive temperatures, Thige supporta our
cosclusion that the deposite are not a cause for concern,

We beve aleo discuseed this eituation with TDI (Mr., M. Lowrey). 1TDI
indicates that the deposits in the 1B diesel are normsl and vot & cause
for concern. The deposite are believed to be due to original
manufacture and not due to operation. TDI poted that quantity of
deposita in the IB diesel is lass than normally obeerved.

¢ We will remove the deposits exposed by removal of the four
cylinder 1liners that are oow out of the 1B engine, We will also clean
out daposite exposed by removal of any additionsl cylivder licers that
8 ¢ removed for other ressons. Bowever, removal of cylinder liners
specifically for the purpose of cleaning the jacket water aystem is
not plaaned,

LUBE OIL SELECTION

Atex:  Battelle pointed out that improved grades of lubricetiog oil are
available and are now recommended by TDI; Battelle recommended that one

of thess improved oils be used.

Eesgopeg: We will use one of the improved grades of lubricating oil par
TDI"s letest lube 0ii recommendations. The specific grade we will use

ie Mobilgard 412,

&ym “Tro-mar SD
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EXHAUST GAS TEMPRRATURES

Item: Battelle recommended that cne thermocouple be installed per
turbocharger on each diesel to permit routine monitoring of exhsust gas
temperatures at the location where the exhaust gas manifolds attach to
the turbochargers, This should utilize a permacently instelled system.
Io edditicn, Battelle wants to obtain, in the near future, eshaust gas
temperature measurements at 25, 50, 75 gnd 100X of full power.

t Duke Power will measure exhaust g4s temperatures st 25, S0,
75 and 100% power during return to service testing of the IB diesel,
This will be performed using temporary equipment which will be removed
following complation of these tests. 1In addition, permanently {netalled
equipment to measure exhaust gas temperatures at the turbocharger inletes
will be inetalled at the first refueling.

LINE BOD BUSHINGS

Item: NRC consultants recommended that all 1B diesel link rod buohinga
be removed and examined to ensure that excessive scoring or other damage

haes not sccurrced.

Responsg: Duke Power will disassemble all 1B diesel link rod to master
rod connections and inmepect the limk rod bushings.

CONNECTING ROD BRARINGS

Itep' The NRC requested that the 1A DIESBL bearing shells that were
replaced be identified,

Besponse: The upper end lower shells (6 totsl) were repleced on
coupecting rod bearings 5, 6, and 7. It should be noted thet one of the
6 sbells had not been rejested by BT, but was replaced as part of a set,

WRIBT PIN BUSHINGS

ltem: Battelle asked to be edvised as to which specific bushinge on
diesal lA had been found to be slightly oversize.

Bsppopse: Detailed review of the piston pin bushing to pieton pin
clesrances hse shown that all of the clearences meet the TDI technical
manual limit of 0.015 inches for new parts, and have substantial margine
ro the clearance of 0.020 inches allowed for used parte io the engine,
Four piston pin bushings were inspected, with the following results:

Cylinder No., Piston Pin Bushing Piston Fin Measured Clearance
I.D., Inches 0.Dy, Inches Inches
1L 6,7618 6.7490 0.013
SR 6.7610 6.7498 0.011
8L 6,7611 6.7492 0.012
8R 6.7607 6,7491 0.012

. s voes - s07 seee O
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In summary, the statement in Appendixz A of our Jume 29, 1984 report for
Part No. 02-340A that three piston pin buehings exceeded new part
tolerances by 0.002 inches (but met TDI recommended wear allowances) was
not completely correct. In fact, all of the four bushinge which were
inspected meet both new and used part tolerances, i

»y

7. LINK ROD BOLTS
Itam: Battelle recommended that these bolts be tetorqued oo diesel 1B,
Beaponge: These bolts will be retorqued. This will be done as part of
reassembly following the 1link rod bushing inspections discussed ia
Section 5 above.

8. LOAD PICEOUP
Item: NRC requested that they be provided with graphs showing the time
bistory of load pickup by the diesel generators, .
Besponge: Time history load profiles were provided to NBRC in the
bandouts for the Duke/NRC meeting on March 21, 1984, We uoderstand from
recent telephone discussione with NRC (M, Miller) that further
information ie not required at this time.

HOTES

Ae  agreed during the July 26, 1984 meeting, the following reeponses are

scheduled fo. later transmittal to MBC

9.

10,

11,

o ———— -

Bubject Rus Date

REPLACEMENT OF TURBOCHARGEBR BERARIRGS October 31, 1984
(Notification that taek Las been completed)

RBVISIOR TO LUBE QIL TBMPERATURE AND August 19, 1984
PRESBURE OPERATING VALUES

IDENTIPICATION OF SRRIES (TYPE) OF Auguet 8, 1984
CYLINDER HEADS USED

v R e
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Duke POwER COMPANY
P.0. BOX 33189
CHARLOTTE, N.C, 28242

HAL B. TUCKER TELEFHONE
VICR PRERIDENT (704) 073-4501

( NLCLY AN PRODLETION Apri] 5. 1984

Mr. Harold R. Denton, Director
Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
washington, D. C. 20555

At*ention: Ms. E. G. Adensam, Chief
Licensing Branch No. 4

Re: Catawba 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 proposed program
for resolution of the TDI diesel generator issue for Catawba. At the conclusion
of this meeting, Duke committed to provide a written description of the

Extended Operation Tests and the Inspection Plans for the 1A and 1B diesel
generators. These descriptions are attached. Also attached is a descrtg;ion
of the generic and site specific problems experienced at Catawba.

3 Very truly yours,

(7ol B Tovottm S
Hal B. Tucker
ROS/php
Attachment

cc: Mr. James P. O'Reilly, Regional Administrator
U. S. Nuclear Regulatory Commission
Region 11
101 Marietta Street, NW, Suite 2900
Atlanta, Georgia 30303

NRC Resident Inspector
Catawba Nuclear Station

Mr. Robert Guild, Esq.
Attorney-at-Law '

P. 0. Box 12097

Charleston, South Carolina 29412



Mr. Harold R. Denton, Director
April 5, 1984
Page 2

cc: Palmetto Alliance
21353 Devine Street
Colu—bia, South Carolina 29205

Mr. Jesse L. Riley

.arolina Environmental Study Group
854 Henley Place

Charlotte, North Carolina 28207
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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 refiability
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:

0 Participation in a TDI Owners Group Program that was formed to
investigate the concerns and formulate corrective action plans to
address these concerns.

0 Successful completion of regulatory requirements relating to the
diesels.

0 Successful completion of an extended operation test and an extensive
inspection program of the Catawba diesels.

In reviewing the operating history of similar Model DSRV-16-4 diesels
it was noted that few of the nuc{ear service engines have significant
operating hours. In agdition, it was noted that some of the ccmmercial
engines with significant operating hours had operating loads and duty
cveles significantly more severe and damaging than those expected for the

Cata.ha diesels. Therefore, in order to expand the nuclear service data
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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 ISads well in excess of that needed for emergency power
requirements.

The extenced operation test was structured as an operational test run
at loads equal to or greater than the required emergency power load to
cemonstrate the ability of the Catawbi'diesels to operate in a reliable
fashion. The last operating period of the extended run test was a sus-
tained run of over 7 days in duration. The disassembly and 1nspéction of
the 1A diesel following this extended operation test will confirm the
adcquacy of the engine parts' materials and critical dimensions or identify
any deficient parts. The engines' ability to successfully start 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
subjected the major parts of the engine to greater than 107 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
speed for these engines is 450 RPM. Thus, to acquire 107 of these stress
cycles, the engine had to run for approximately 740 hours; since about 816
operating hours have been accumulated, more than 107 cycles have been
experienced. The ability to operate 107 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



{if .ime for the recuired load condition; thus, Catawba 1A diesel
recnznical parts loaded by firing cycles can be considered as having proven
a:ce::ab1c-fatigue lifetimes.

This report describes the diesel 1A extended operation test and its
resu’ts, and describes the inspection plan to be used for the 1A diesel. The
propesed extended operation test and inspection plan for the 1B diesel is also

described.
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2. Summary

The extended operation test demonstrated that the Catawba 1A diesel is
capavle 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 adequate fatigue life for the engine parts.
Ouring the extended operaticn test the engine's operating parameters were
closely monitored to detect any degradation in engine performancé. No
engine degradation was detected and the last test period involved contin-
vous diesel engine operation for over 7 days.

An extensive inspection program is presently underway for the 1A
diesel to verify the mechanical reliability of the Catawba engine. Tphe
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
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,
reasserbly bolt torque).

The inspection plan is based upon:

) Inspection of engine parts identified as one of the generic

problems by the TDI Owners Group.

0 Inspection of engine parts recommended by the TDI Owners Group.

0 Inspection of engine parts relating to Catawba engine specific

failures.



0 Inspection of general engine parts to evaluate wear patterns.

The Catawba inspections are being performed in accordance with written
Catawba procedures and are being controlled under the Duke Power Quality
Assurance Program. ;

Tre Catawba 1B diesel will begin an extended operatior 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 inspections of other
TDI emergency diesels.

Successful completion of the extended operation tests and the extensive

inspections of the Catawba 1A and 1B diesels will demonstrate their

capability to serve as safety grade equipment for the Catawba Stltioqb




3.1

3.2

3. Extended Operation Test Program

Purpese

The purpeses of the extended operation test program are to:

0

0

Demonstrate that the Catawba 1A and 1B TDI Mode) DSRV-16-4 diesels
are capable of sustained oﬁeration without major failures (e.g.,
failure of crankshaft, pistons, cylinder liner).

Subject the major engine parts to over 107 stress cycl;s to
empirically demonstrate the fatigue capability of those parts.
Identify any beginning of 1ife engine or break-in type failures
that will occur with this type of diesel. These "break-in"
failures typically occur early in Tife in all machinery, evwgn well
designed and constructed machinery.

Expand the data base for DSRV-16-4 operation in emergency power
service.

Verify the suitability of modifications made to the Catawba diesel.

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/B/1100/03, "Diesel Generator 1A

Extended Run". The Catawba Nuclear Station procedures that contro)

diesel operation are:

0

(¢]

[*]

0P/1/A/6350/02, "Diese) Generator Operation"
CP/1/A/6550/02, "0/G Lube 01"
CP/1/A/6550/01, "Diese)l Generator Fuel 0i1 System Operation"



The extended operation test planned for diesel 1B 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
diese) 1A. The surveillance procedure used during ihe extended run
provides for the following data collection:

0 Vibration data from thirty points around the engine base and near
the turbochargers taken daily.

0 Lubricating of] samples taken daily from the Lube 011 Sump System
before filtering. Daily tests to be made for percent water and
viscosity.

0 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 ¢q‘jno¢
from the day tank hourly to visually inspect for water.

0 Engine parameters such as load, exhaust temperatures, lube of!
pressure, etc., monftored continuously and recorded hourly,

0 Problems encountered during engine operation are documented listing
immediate action taken, proposed long term action, and to what
extent the run was interrupted.

3.2.1 Vibration Analysis

v1brattpn data is taken at the following thirty points using
either the Nicolct.Spectrun Analysis System or the TEC
Monitoring Systom..or both systems every day until the run {s
completed. Data s not taken unless the engine has been
running a minimum of six continuous hours during & normal work

day.




Point ri n

HO1 Morz Generator Pedesta) Bearing

vo2 Vert Generator Pedesta) Bearing

AD3 Axial Generator Pedesta) Bearing

HO4 Horz Base LB at Cylinder-8L

HOS Horz Cam Cover Base at Cylinder-8L

HO7 Horz Cam Cover Base Between Cylinders 4L & SL
HO8 Horz Base LB at Cylinder-1L

HO9 Horz Cam Cover Base at Cylinder-1L

A0 Axial LB Cam Cover Mousing (Engine Front)

All Axial RB Cover Mousing (tngino Front)

Al2 Axial Crankshaft Gear Mousing (Engine Front)

T13 Turbocharger LB Morzonta) on Turbo

T14 Turbocharger LB Vertical on Support Base

T1§ Turbocharger Front Support Bar LB at Intercooler
T16 Turbocharger RB Morizontal on Turbo

117 Turbocharger RB Vertical on Support Base

Ti8 Turbocharger Front Support Bar %8 at Intercooler
H19 Horz Sub-Base RB at Cylinder-8R

H20 Horz Cam Cover Base at Cylinder-8R

M2l Horz Sub-Base RB Between Cylinders 4R & SR

K22 Morz Cam Cover Base RB Between Cylinders 4R & SR
H23 Morz Sub-Base RB at Cylinder-1R

H24 Horz Cam Cover Base at Cylinder-1R -
v2s Vert Block RB at Cylinder-1R

V26 Vert Block RB Between Cylinders 4R & SR

va? Vert Block RB at Cy)inder-8R

vis Vert Block LB at Cylinder-8L

vas Vert Block LB Between Cylinders 4L & 5L

vio Vert Block LB at Cylinder~1L

Base 1ine vibration data were established for both the Nicolet
and TEC systems,

On a dafly basis the TEC system is used to monftor al) 30
points, This data s reviewed by & Maintenance Engineer
trained in vibration analysis. If a significant change s
detected in any of the parameters, then the Nicolet IYII!Q'il
used to monitor the point in question to confirm the
significant change. A comparison plot is then prepared between
the Nicolet Baseline Data and the Nicolet Data to document the

significant change.
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The vibration monftoring test equipment consists of:
0 Nicolet System
Nicolet Scientific Corporation Mode! 446A "Mini Ubiquitous"
FFT Computing Spectrum Analyzer with a range of 1 Mz to
100,000 MWz,
o  TEC System
TEC Monitor Mode) 1310 (EXP) Smart Meter System consisting
of:
- TEC Accalerometer Model 154 (5/N 113) with a range of §
Mz to 10,000 Mz and a 100 Hz sensitivity of 103
millivolts/"g".
. Comparison and plots are provided by the “INTELLI-TREND"
software package written by TEC (January 1!!:) for an 1BM
Personal Computer,
0 Teac R-61 Digita) Data Acquisition System using three (3)
IRD 544 Velocity Pickup Probes with a range of 12 Mz to 1000
Mz and an output of 764 ¢ 10 millfvoits RMS/per inch per
second.
kube 01) Samples
Lube of) samples are taken to show that the oil stil) has those
properties necessary to provide proper lubrication. Daily
|cnplo§ are taken from the Tube of) symp system at some point
after the of) tol:oo the engine but before 1t fs filtered.
These samples are tested for percent water content and for
viscosity per Catawba procedures CP/0/A/8100/23 and
CP/O/A/8100/24 (Opagque Method), respectively. A log of the
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3.2.3

results ccpied from the chemistry lab results log book is |
includzd in the surveillance procedure documentation packace.

Fuel 0il Samples

Fuei oil samples are taken to show that the fuel meets industry
and company standards for Number 2 Diesel Fuel 0il.

Because the main fuel 0i1 storage tanks cannot be recirculated
while the fuel oi) syétem is lined up for engine runs and
because of the inventory turnover required for this continuous
run, the samples taken from the tanker for deiivery acceptance
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 un]qued.

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 o0il is unloaded. A log
of the results copied from the chemistry lab results log beok
is included in the surveillance procedure documentation package.
Fuel 0il is drawn from the bottom of the day tank once during
each hour the engine is running and is inspected for ubvioLs
water and sediment. If significant quantities are found, the

Test Coordinator is notified for evaluation.



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 i
operation. ther parameters are recorded hourly.

The temperatures recorded on the strip chart are:

0 Exhaust Temperature of each of the 16 Cylinders

) Jacket Water Temperature In and Out of the Engine

0 Lube 0i1 Temperature In and Out of the Engine

(¢} Intake Air Temperature In and Out of the Right Bank
Aftercooler

o Intake Air Temperature In and Out cf the Left Bank
Aftercooler

The parameters recorded hourly are:

Generator Volts

Generator Amps

Power Factor

Generator Load

Generator Stator Temp.

Lube 0i1 Pressure

Lube 0il Filter Differential Pressure
Right Bank Turbocharger Lube 0il Pressure
Left Bank Turbocharger Lube 0il Pressure
Fuel 0i1 Pressure

Fuel 0il Filter Differential Pressure
Jacket Water Pressure

Right Bank Intake Manifold Pressure

Left Bank Intake Manifcld Pressure

Lube 0i] Tank Level

Exhaust Temperature of each of the 16 Cylinders (Same as
recorded on strip chart)

Right Bank Exhaust Temperature

0 Left Bank Exhaust Temperature

0O0O0O00O0O0DO0CO0OO0ODOO0ODODOOO

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.

A1l sidnificant changes are documented in problem reports.
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3.2.%

Problems Encountered

kny 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 problem, 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

The 1A diesel extended operation test was initiated on January 25, 1984,

and was successfully completed on llarch 8, 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

P3N
n

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 a118.4 % margin in 1029
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 indicztes the percent of
diesel operating time the diesei generator load was in excess of the
specified load. The diesel load was calculated based on generator volts,
amps and power faéidr.

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

A
e

4.5

Lube 011 Analyses

The daily samples of lube oil were tested for viscosity and water
content. A1l analyses showed acceptable values for lube 0il water
content and viscosity.

Fuel 011 Analyses

The samples of fuel oil from the delivery tankers were tested for
specific gravity and percent of water and sediment. A1l 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 ' »s drained by the
cperator.

Operating Parameters

The diesel operating parameters, both on the strip charts and log

sheet, were reviewed each day to ascertain significant or abnormal

changes and to look for trends in the data indicating graduai

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:

) A slowly increasing jacket water discharge temperature was detected
starting just past midnight on February 18, 1984. The jacket w;ter
temperature increased from a normal value of about 170°F to about
200°F. 1In addition, the temperature would sometimes jump from

200°F to 250°F rapidly. After an investigation, a defective
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4.6

thermocouple was found and replaced. This resulted in the
indicated jacket water temperature returning to a normal value of
;bout 170°F.

Over about a 20 hour period on February 27, 1984, the lube 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 irvestigation, the lube oil pump inlet
strainer was found to be plugging. Cleaning the strainer resulted
in an immediate return to normal lube o0il pressures. No damage to

the turbochargers was sustained.

Problem Reports

Several probiem reports were generated during the course of the

extended run test. These reports covered the following engine parts:

0

o

Pushrods

Fuel line fitting
Turbocharger thrust bearings
Cylinder head

/’
Fuel injection pump valve holder

@
Turbocharger prelube oil lines
Turbocharger adapter (to the intercooler)
Lube ¢il and.jacket water thermocouples
Crankcase cerr capscrews

Subcover (rockerarm) as;emb]y

Turbocharger lube 0il drain line

Turbocharger exhaust mainfold mounting bolts

“urther discussion of these problems is given in section 7.
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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 Inspecticn Plan

The primary objective »f the Catawba 1A diesel inspection plan is to

verify the mechanical reliability of the specific parts and Ecmponents

of the Catawba 1A diesel following apprcximately 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 cracks,
-ﬁ-( excessive wear, pitting, distortion, etc.

¢ The parts have critical dimensions in agreement with the original

design (taking into account normal wear).
0 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:

0 Inspection of engine parts relating to the 16 generic TOI diesel
problems idgntified to the Nuclear Regulatory Commission. These
engine parts will be infpected to either verify that no similar
problems exist with the Catawba DSRV-16-4 diesel, or identify and
quantify the nature and extent of the the 1A diesel problems.

) Inspection of engine parts recommended by the TDI Diesel Owners
Group. These recommended inspections cover the critical parts of

the diesel, i.e., those parts whose failure could result in failure



or degradation of the diesel. The type and extent of inspection
methods are based upon TD] diesel operating and failure expe-ience.

0 ~Inspection of engine parts relating to the Catawba engine specific
failures anc 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).

0 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 Group has classified

engine components according to the following:

Class Importance of Component Failure

A Failure can result in shut down of the diesel.

B8 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 Lciponents are also included in the

inspection plan.
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5.4

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
insp;ction of each part is dependent upon the part's importance to
operation and to its failure history in Catawba's and other TDI
diesels.

Inspection Methods

A variety of inspection methods will be emplcyed to examine the
Catawba DSRV-16-4 diesel parts. Each inspection method is selected
based upon:

° The probable failure mode of the part and the probability of the
inspection method to detect it.

e The attribute being determined.

0 Results of previous inspections.

The specific inspection methods to be employed inciude the following:

Visual - Examine for:

Wear and wear patterns

Surface distress

Cracks

Freedom of motion

Corrosion/erosion

Foreign material

Proper fitup

Gasket leaks

Proper lubrication

As-built verification of system piping configuration and support

0O 0000000 O0O0

Dimensional Measurements - Examine for:

Absolute value of critical dimensions
Clearances -

Comparative values of identical parts
Verification that propér parts are used
Proper fitup of mating parts

OO0 O0O0O0

Nondestructive Examinations

0 Liquid penetrant and magnetic particle - Examine for:
- Cracks and discontinuities
- Material distress
- Material integrity

>3



2.5

0 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

(¢ 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

0 Verification that proper non-metallic materials are being used for
gaskets, seals and couplings by visual methods and documentation
review g

(e} Material nhardness

Speéia1 Inspections

o} Torsiograph

o As-found torque values for bolted or screwed connections

o Proper torque values are used during reassembly of bolted,
screwed or compression connections

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.
A1) Class A and B bolted or screwed connections will have their as- :
found and reassembly torgue values verified and documented, hence this
is not listed separately in Table 5-1. Also not listed in Table 5-1

is the general visual inspection of all parts during disassembly and

reassembly of the d-esel.



The Duke Power Company, Nuclear Production Department Administrative
Policy Manual will be used to control all work done on-site at Catawba
Nuc]éar Station. Specific Catawba Station procedures have been develcped
for all disassembly, inspection, testing and reassembly operations and are

listed below. The Duke Power Quality Assurance Program will be used to

5.6

control and audit all phases of the diesel inspection program.

Disassembly and Rezssembly

Inspection Team

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
1P/0/A/7400/01 Fuel Pump

MP/0/A/7400/40 Turbocharyw s

Inspection

MP/0/A/1000/04 Cylinder Heads and Associated Parts
MP/0/A/1000/05 Pistons, Rods, Bushings and Shells
MP/0/A/1000/Co Crankshaft, Main Bearings and Turning Gear
MP/0/A/1000/07 Idler Gears and Pump Drive Gears
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 0i1 System, Piping and Sump
MP/0/A/1000/11 Cylinder Block, Liner and Jacket Water
MP/0/A/1000/12 Starting Air Distributor
P/0/A/1000/13 Jacket Water Pump

MP/0/A/1000/14 Camshaft and Gear

MP/0/A/1000/15 Intake and Exhzust Manifold
¥P/0/A/1000/16 Governor and Overspeed Trip
MP/0/A/1000/17 Flywheel and Bolting

1P/0/A/1000/18 Turbocharger and Intercooler

The inspection team will consist of primarily Duke Power Company (DPC)

personnel supplemehted by others as necessary. QDrC craftsmen will

-

perform the actual engine disassembly and reassembly. DPC technicians

and engineering staff personnel will perform the inspections and

provide the administrative support fo: the inspection program. Other

members of the inspection program team include:

wmn
'
o



Failure Analysis Associates - Eddy current testing and torsiograph
installation and testing.

-Stone and Webster - Provide interface between DPC and Owners Group
and materials comparison testing.

Dominicn Engineering, Inc. - Provide on-site assistance in the
inspection effort and prepare final summary inspection report.
Gustafson Associates - Provide on-site assitance in the inspection

effort.
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Table 5-1. Catawba Diesel 1A Inspection Plan Matrix
Sample Size, Percent of Engine Parts Inspected
Surface Vol.
s Part Name Class Part No. Dimen. Visual NDE NDE Material Hardness Notes
Lube 0il 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 - - o - s
Main Bearing Caps A 02-3050 - 30 30 - o “ "
Lube 01l Internal Headers A 02-307A - 100 " - e o -
Lube 011 Tubing and Fittings-Internal A 02-3078 - 100 - = - .
Lube 011 Line Supports-Internal B 02-3070 - 100 5 - - - "
Crankshaft and Turning Gear A 02-310A 100 100 38 " - - 3,4
Crankshaft Bearing Shell A 02-3108 30 30 - - » - -
Crankshaft Thrust Bearing Ring A 02-310C 100 % - - - a 4
Crankcase Assembly . A 02-311A - 100 - - - - -
Crankcase Seal B 02-3118 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 02-315D - 100 - > - -
Cylinder Block Studs B 02-315E - 31 - - 3 " "
Cyl 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 Counling B 02-3168B 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 02-3308B - 100 = - - i 4
Front Gear Case Bolting C 02-3358 o 3 100 - - - - -
Connecting Rods and Bushings A 02-340A 100 100 100 - 25 25 -
Connecting Rod Bearing Shells A 02-3408 100 100 100 100 - - -
Piston _ A 02-341A 100 100 25 - - - 5
Piston Rings A 02-3418 25 100 - - 25 - -



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
Piston Pin Assembly A 02-341C 25 25 - - 25 25 -
Intake Tappets A 02-345A - 25 - - - - -
Fuel Tappets A 02-3458B - 25 - " * - -
Fuel Pump Base Assembly B 02-345C To be developed
Camshaft Assembly A 02-350A - 100 - e - » -
Camshaft Bearing B 02-3508 - . - - - - 7
Camshaft Supports, Bolting and Gear A 02-350C - 100 o . 100 100 »
Idler Gear Assembly (Crank to Pump) A 02-355A - 100 - - - - -
Idler Gear Assembly A 02-3558 - 100 - - - 100 -
Air Start Valve A 02-359 100 100 - - - - -
Cylinder Head B 02-360A 100 100 100 100 - . 2
Intake and Exhaust Valves B 02-3608 29 100 - - 25 - -
Cylinder Head Bolting B 02-360C To be developed
Cylinder Head Gaskets B 02-360C - 100 - - - v -
Vaive Springs B 02-3600 - 100 - - ¢ -
Subcover Assembly B 02-362A - 100 100 - - - -
Fuel Injection Pump B 02-365A - - - 100 . 100 -
Fuel Injection Tips B 02-3658 To be developed
Fuel Injection Tubing B 02-365C To be developed
Fuel Injection Tubing Supports B 02-365D To be developed
Fuel Pump Linkage and Control Shaft A 02-371A - - - - 100 100 -
Fuel Pump, Linkage, Bearings and Shaft A 02-3718 - 100 - s - - =
Intake Manifolds B 02-375 100 100 - " o o »
Exhaust Manifold B 02-380A To be developed
Exhaust Manifold Bolting B 02-3808 9 9 i e - 1 -
Cylinder Block Cover, Gaskets & Bolts C 02-3858B To be developed
Crankcase Cover Assembly C 02-386A - 100 - - - g -
Crankcase Cover Gaskets & Hardware C 02-3868B To be developed
Intake & Intermediate Rocker Arm Assy B 02-390A 100 100 100 - 100 100 -
Exhaust Rocker Arm Assembly B 02-3908 100 100 100 - 100 100 -
Intake & Exhaust Pushrods B 02-390C - 100 100 - - - -
Connector Pushrod B 02-390D - 100 100 - - - -
Rocker Arm Bushings B 02-390L - 100 - - - - -
Rocker Arm Bolting B 02-390G - 100 25 > - -
Overspeed Trip Governor A 02-410A - 100 - - - - -



Table 5-1. Catawba Diesel 1A Inspection Plan Matrix

Sample Size, Percent of Engine Parts Inspected
Surface Vol.

SN Part Name Class Part No. Dimen. Visual NDE NDE Material Hardness Noles
Gov Overspeed Trip & Accessory Drive 02-4108 - 109 100 - 100 100 -
Overspeed Trip Couplings 02-410C - 100 - - 100 » -
Overspeed Trip Vent Valves 02-410D To be developed

Governor & Tach Drive Gear & Shaft 02-411A > 100 100 - 100 100 -
Governor Drive Couplings 02-4118 = 100 - - 10v - -
Governor Linkage” 02-413 - 100 » - * - .
Speed Regulating Governor 02-415A - 100 . . - W -
Governor Booster Servomotor 02-4158 To be developed

Governor Heat Exchanger Assembly 02-415C - 100 ” = - . -
Lube 0il Pump 02-420 To be developed

Jacket Water Pump 02-425A - 100 - - 100 100 -

Jacket Water Pipe and Fit\ings

Jacket Water Pipe Supports

Intercooler Piping Assembly

Intercooler Piping-Coupling, Bolt, Gskt
Turbo Cooling Water Pipe & Fittings
Turbo Cooling Water Pipe Supports

Start Air Manifold Pipe, Tubing & Ftg
Start Air hanifold Vlvs, Strners, Fltrs
Start Air Manifold Pipe Supports
Starting Air Distributor Assembly

Start Air Dstrhtor Tubing,Ftg, Gskts
Fuel 011 Booster Pump

Fuel 011 Piping and Tubing

Fuel 0il Filters and Strainers

Fuel 01l Piping Supports

Fuel 0i1 Falters

Fuel 01 Strainers

Fuel 0i1 Filter Mounting Hardware

02-435A To be developed
02-4358 To be develored
02-436A To be developed
02-436B To be developed
02-437A To be developed
02-4378B To be develop~”
02-441A To be developed
02-4418 To be developed
02-441C To be developed
02-442A 100 100 - - - 100 6
02-4428 To be developed
02-445 To be developed
02-4508 To be developed
02-450C To be developed
02-4500 To be developed
02-455A To be developed
02-455B To be developed
02-455C To be developed

DO IPPPPOE>DPRPIPIDOIDODPPI2O2D0DTPDDOIIDIDDDIODIDD

External Lube 0il Lines 02-465A - % 100 - - - - -
External Lube 0il Line Supports 02-4658 * 100 - - - - -
Turbocharger Lube 0il Piping 02-467A " 100 - - - - -
Turbocharger Lube 0il Piping Supports 02-4678B - 100 - - - - -
Turbocharger Bracket 02-475A - 100 » - - . - -



Table 5-1. Catawba Diesel 1A Inspeciion Mlan 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 02-4758 . 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 011 Sump Tank B 02-540A - 100 - - - - -
Lube 011 Sump Tank Ftngs, Pipe, Valves B 02-5408 - 100 - - - = -
Lube 0i1 Sump Tank Mounting Hardware B8 02-540C - 100 - - » - -
Foundation Bolts and Anchors B 02-550 To be developed
Instrumentation Thermocouples B 02-630D To be developed
Engine & Aux Module Wiring Conduit A 02-688A To be developed
Engine and Aux Module Wiring A 02-6888 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 02-6958 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
Jackel Waler Standpipe Supports B 00-700C To be developed
Jacket Water Standpipe Switches B 00-700E To be developed
Jackel Water Standpipe Bolting Materials B 00-700F To qt developed
Fuel 0il Duplex Strainer A 02-8250 To be developed
Intercooler B F-068 - 100 100 . - - »
Turbocharger A MP-022/3 100 100 - - - - -



Notes to Table 5-1

Intake and exhaust valve springs have proper color code.

Ultrasonic wall thickness measurement of fire deck area and fuel
nozzle area.

A torsiograph will be developed of the crankshaft.

Crankshaft web deflections and thrust clearance will be measured with
the diesel both hot and cold.

Measure torque on belleville spring loaded bolts.

Hardness of the spools will be measured only if excessive wear is
measured on one or more of the spools.

If inspection of camshaft lobes show no abnormal wear, then no
inspections of the camshaft bearings will be performed.

A1l inspections noted as "To be developed" will involve visual inspections
or functional tests



6. Inspection Plan for Catawba Diesel 1B

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
18 to extend its high load operating time to 750 hours. Prior to the extended
operation test the following inspectibns were performed on two engine cylinders:

) Liguid penetrant examination of cylinder block top surface around

the cylinder and between the head studs and cylinder liner.

° Ultrasonic wall thickness measurements of cylinder head.
The following inspections were performed on all 16 cylinders:

0 Visual inspection of subcover assembly.

0 Visual inspection of all intake, exhaust and connector pusQ;ods.

0 Visual inspection of all rocker arm assemblies.

0 Visual inspection of all intake and exhaust valve springs.

Fellowing 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.
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7. Catawba Generic and Specific Problems

This section of the report lists the generic problems that have and
nazve 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 Specifié
Problems", the specific diesels that experienced the problem, and the
number of occurrences per diesel. The problems listed do not include
enhancements 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.

7.1 701 Generic Problems Experienced zt Catawba

Pushrods

A number of pushrods have been observed to have cracks on diesel lA.

Similar cracks are expected to occur on diesel 1B pushrods. The pushrods

originally furnished had ball to tube welding defects. The cracked

pushrods operated 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

12 is scheduled to have its pushrods replaced by April 1984.




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 ferruie 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 have teen experienced.

Turbocharger Thrust Bearings

The turbocharger thrust bearings have experienced excessive wear on
diesels 1A and 1B. This wear is believed to be due to a lack of prelube
0i1 during multiple fast starts of the diesels. The excessive wear of the
turbocharger bearings did not adversely affect the diesels' operation
during the extended run test. The bearings were replaced and the prelube
0il flow rate was increased to prevent excessive wear on the re;Tacement
bearings.

A recent 10CFR21 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 1B also developed minor 3acket
water leak similar to the leak on 1A. 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

o
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replaced prior to the start of the diesei 1B extended run test.

Catawba Specific Problems

Fuel Injection Pump

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. A1)l pump nozzle valve holders at Catawba will be inspected to
verify that material defects do not exist in the other valve holders.

Turbocharger Prelube 0il 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-tigptening)
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

installed by June 1984.

Turbocharger Adapter

A turbocharger tdiintercooler adapter cracked at, the flange weld. This
was evaluated to be due to s'misalignment between the two components.
This situation had no adverse affects on the engine's operation. The

adapter was rep]éced. In the future, Catawba will take extra care to

73
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ensure proper flange alignment prior to torquing any turbocharger flange

bolts.

Lube 011 and Jacket Water Thermocouples

Incorrect temperature indications were note: on the lube 0il 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 discreticn to resolve the problem and replace thermo-
couples.

Crankcase Cover Capscrews

R 1/2 inch capscrew head was found to be missing from the 1A diesel
crankcase access cove}. During replacement of the capscrew, a second
capscrew sheared off with less than 15 ft-1b of applied torque.‘-fhis
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 capscriews were replaced. Once the cause is con-
firmed, all affected capscrews wiil 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 skirt;,
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.

Turbokharggr Lube 0il1 Drain Line

A temporary turbocharger lube 0il drain line leaked on diesel iA. 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
amergency condition. The drain line was replaced. In addition, 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 operaticn. ;Fe 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 1B. 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.
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ATTACHMENT 1

GENERIC PROBLEMS NOT EXPERIENCED AT CATAWBA

) Crankshaft

0 Connecting Rod Bearings
0 Pistons

0 Cylinder Liners

(¢ Cylinder Block

) Enginer Base

0 Head Studs

0 Rocker Arm Capscrews
0 Connecting Rods

] Electrical Cables

0 Fuel Injection Lines
0 Jacket Water pumps

0 Air Start Valve Capscrews



ATTACHMENT 2

GENERIC PROBLEMS EXPERIENCED AT CATAWBA

DG1A
Push Rods X

Fuel Line Fittings x(1)

Turbocharger Bearings x(2)

Cylinder Heads x(1)

Note: Number of occurrences are noted in parenthesis.










« ¥r. Yerold R. Denton, Dircctor
July 6, 1524
Pegye 2

1. Pun-In Operation:

This will be ‘n accordence with 1Dl Instruction !znual, Chapter 6,

Part C (pzge t-C-18). The runs &re rainly for seating new rings

in the cylinder liner &énd consist of running the engine at various

s;:eds end loads, inspections of the éngine following varicus runs,

hot crenkehaft web deflection checks, énd cold corpression checks.

In eddition, Quring these runs, control systems, vital engine paréreters,
end euxiliary services will be ronitored to essure proper operation.

‘ofified Load Tests:

~n)
.

Ten rodified load tests will be run at & load of at least 3500 KM,
Pertinent parercters that will be echered to eére as follow:

= 4]

t2st one end a2 half tours with the engine secured prior to

A test will be of cne hour minimum duration follcwed by at
]
the rnext nodified loed test.

b. A1l test starts will be perforced with & pre-lube of the engine.

c. Duriiig a test, the load will be increzsed to a minimum of 3500 KV
in 2 period less than five minutes.

d. Vital engine paremeters will be ronitored on a fifteen ninute
besis during the one hour run at power to assure proper cperation.

3. 24-Hour Run:

A twenty-four hour run test will be conducted. This test will consist
of twenty-two hours at 7000 KW &nd two hours at 7700 KW. Periirent
perameters that will be achered to are 2s follow:

he engine test starts will be performed after the engine has

RO )
been pre-lubed.

b. During the test, all lcad chenges will be eccamplished in five
minutes or less.

c. Vitel engine parancters will be monitored on a cne-hour besis to
assure proper operation.
4. Fast Start Test:
Two fast start tests will be conducted. ers that
will be acdhered to are as follow:



. Denton, Director

Diesel engine will come up to spzed and voltezge within eleven
seconds.

Diesel engine will be lceded with accelerated blackout loads
in the period of eleven seconds to thirty seconds. Peak load
will be &bout 4100 ¥W. This is the highest lcad cbizinzbdle
with the load sequencer uncer ESF or blaechout conditions.

After the engine hes echieved £100 KW, each test will lest for

2 pericd of oune hour follewed by @ shutdown of at lezst cne and

& half hours. The one hour curetion et load is set so that

euxiliary cooling cevices will rot heve to be cut in for some

of the respective loads which would place an undue burcden on
plant for the performznce of these tests.

ts will be corduc uncer pre-lube conditions.
se tests will b fcr*‘:d with the er....v‘a' in
gtus witho

of these tes
ther of th
gndby s

O
LEs
+
L
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Vital engine parareters will be ronitored on a 15-minute basis.
Furthar, viczcorder tracings of diesel generator voltece znd
Treguency will be rade dur.ng sterting end loading transients.

Trip Device Verificetion:

There are ten trips which ceuse the engine to shut down under normal
cperetion and three trips which ceuse shutdown under emergency operation.

To verify proper operation of these trip devices, shutdoun from the

tests outlined in B-2 throuch B-4 zbove will be accomplished by sequentially
introducing these trips for each of the thirteen tests.

lcad Rejection:
To e<sure that the diesel censretor coss not o over five hundred RPM

on & load rejection of 7000 KW, visacorder tracings of freguzncy will
be mzde during the trip from 7000 KW cutlined in E-3 ebove.

Criteria used to judge the tests cutlined ebove es to what is a successful test,

es

o]

opposed to a failed test, will be according to the fellewing plen:

The operation runs outlined in 8-1 ebove ere for brezk-in &nd crozming.

Es such, *liere are not any pass/fail criteria epplied to them. 1n eddition
to break-in, this run will be to essure that the diesel gensrétor is ready
for tests B-2 through B-6.

Tests outlined in B-2 through B-6 will be conducted in eccordznce with the
pess/fail criteria of NRC Regulatory Guide 1.108. :




r. Hzrold B, Centon, Director
*July 6, 1584
rc'_.j(‘ 4

We trust the zbove information is keeping you fully informed of the status
of the Catewbz Unit 1 diesels. Please c2ll me if 1 can be of any further
service.

Very truly yours,

cc: Mr. Jemes P. O0'Reilly, Regional Administrzior
. S. Nuclear Reguletory Coimiission

Region 11
0] Mariette Street, KW, Suite 2500 ‘

Atlenta, Georgia 30323

~

ident Inspector
hNuclear Station

Fobert Guild, Esq.
Aliorney-at-law

P.0. Sox 12097

Crarleston, South Carolina 29412

~otto Allience

2]
21353 Devine Street
Colurbia, South Carolina 29205
Yr. Jesse L. Riley
Czroling Environuental Study Group
£24 Henley Place
{rarlotte, North Carolire 8207
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Notes to Teble 5-1
inteke end exheust valve springs heve proper color code.

Uliresonic wall thickness rezsurement of fire deck area end fuel nozzle
crea.

£ torsiocrzph will be develozed of the crenkshaft.

&b deflections end thrust clezrznce will be meesured with
oth hot &nd cold.

—y

r's
i

Crer

<

m

- -
s
>

-die'el

.
ol 1
M n

e

#:zeure torque on belleville spring loaded boits.

' '
-
ot

sss of the spools will be mezcured only if excessive wear is
ured on one or more of the spools.

1f inspection of cemshaft lobes shows no ebnormal wear, then no iqspections
of the cershaft bearings will be performed.

fddy current test to determine if there are cracks.

Ingineering validetion (Eng Ev) of diesel 1A part including visual
inspection to dete wiine that part is per bill of materials and review of
unscheduled mzintenance reports essociated with part. for diesel 1B,
engincering validation consists of reviewing unscheduled raintenznce
reports.

Piston skirts will be replaced on the 1B diesel. Surface NDL and hardness
ware performed in receipt inspection.

New piston rings will be installed on the new skirts.
A1l bolting will be replaced.
Catewba 1B frequency of inspections seme as Catawba 1A except as noted by

parentheses. Where parentheses are included, freguency of inspection for
Catzwba 1B eppears in the perentheses.



Duke PoweEr CoOMPANY
P.O. BOX 33189
CHARLOTTE, N.C, 28242
HAL B. TUCKER TELEPHONE

I - S (704) 373-4831
NUCLEAR oproTION -

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 3ranch No, 4

Re: Catawba Nuclear Station
Docket Nos. 50-413 and 50-414

Dear Mr. Denton:

The purpose of this letter is to submit Duke Power Company”’s plans for the
periodic maintenance, inspection and surveillance of the Catawba 1A and 1B
diesel engines. The plan is based on an engineering evaluation of the
results of the Catawba 1A diesel engine post extended operating test
inspections (reference 1), TDI Owner”s Group recommendations, and NRC
comments regarding diesel engine maintenance, inspection, and surveillance
(reference 2). Inspection of the Catawba 1B 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
testing required by technical specifications is not shown since it is
thoroughly described in the Catawba technical specifications (reference
3)., It . considered that the maintenance, inspection and surveillance
required by Table 1 satisfactorily addresses:

B The intent of NRC comments in reference 2.
. Pericdic maintenance recommended by TDI in their technical manual.

B Results of inspections of the Catawba lA diesel and other TDI
diesels in nuclear service.

8407270259 840716
PDR ADOCK 05000;62



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, are 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. Discussion. 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 1B diesel, to identify and replace any cylinder heads
with such welded-in repair plugs. Elimination of heads with
velded-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 1A
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
cavities, 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 lA.

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 addition, 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
the air roll operation, it is likely to cause the one hour
time 1limit 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. Duke Power Plapned Action. The engines will be rolled

wicthin & hours after shutdown and weekly thereafter with
indicator cocks 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.



B.2 Engine Block and Base

b.

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
no disassembly. No other special maintenance is required if
any defects found are "non-critical." Non-critical
indications are defined as not causing oil or water leakage;
not propagating; and not adversely affecting cylinder liners
or stud holes.

Duke Power Planned Action Visual inspections cf the block

and base, as well 2s 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 Connecting Rods

NRC Comment. After each interval of 25 starts, 50 hours of
operation or 6 months, whichever occurs first, all connecting

ods should be visually inspected and all comnecting rod bolts
should be retorqued and the results recorded.

Discussion. Inspection of the Catawba 1A 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 conservative. 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 comnecting rod bolt torques by ultrasonic lenmgth
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.



C.

Duke Power Planned Actiom. All tke 1 1/2" connecting rod
bolt preloads will be checked at the first refueling outage.
it 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 Lube 0il Checks

NRC Comment. The 1lube o0il 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.

Discussion. The clean lube o0il tank and the sump taok are
checked for water on a monthly basis. No problems with water
accumulation have been noted. Performing this check ou a

weekly basis is not warranted considering that the diesels are
operated on 1 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 is
not considered warranted since the diesel will accumulate only
about 1 hour of operation per month., Accordingly, this type
of check is planned to be performed each 6 months.

Duke Power Planned Actioms.

“ The 1lube o0il will be checked for water following
pre-operational testing and then monthly or after 24
hours of operation, whichever comes first.

® A sample will be collected from the bottom of the lube
0il sump tank and checked for water each month.

“ The 1lube o0il will be checked by ferrographic and
spectrographic means every 6 months to check for
contaminants and particulates.

B 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 Cylinder Head Studs, Rocker Arm Cap Screws, Air Start Yalve
Capscrews

BRC Comment . Each month 25% of the capscrews should be spot
checked or torqued.



B.7

b.

Discussion. Results 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-
operational 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.

Duke Power Planned Action. Twenty-five percent of the head

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.

Push Rods

NRC 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.

Discussion. 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 crackiug.

Duke Power Plapned Action. All cams, tappets, push rods,

and rocker arms will be visually checked each refueling
outage.

Lube O0il Filter Pressure Drop

b.

NRC Comment. During standby, the lube oil pressure drop
should be checked daily.

Discussion. 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.

Duke Power Planned Action. The prelube oil filter pressure
drop will be checked on a weekly basis.



B.8 Crankshaft Deflection Tests

b.

NRC Comment. Perform hot and cold crankshaft deflection
checks every 6 months with the hot deflection tests performed
within 15 minutes of engine shutdown.

Discussion. 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 addition, 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 & hours
after shutdown,

Duke 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 Monitoring of Temperatures, Pressures and Vibrations

NRC Comment. During engine operation, the exhaust
temperature for each cylinder should be monitored continuously
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 o0il, 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 wmonitored
continuously and recorded hourly. Also, lube oil filter
pressure should be monitored daily during engine operation.

Discussion. During diesel operation the following
parameters are monitored:

- Cylinder Exhaust Temp.*
. Generator Stator Temp.
0 Turbocharger Inlet Air Temp. (at Intercooler Inlet)*

. Turbocharger Outlet Air Temp. (at Intercooler Outlet)*



B Engine Lube 0il Temp.*

B Crankcase Vacuum

- Lube 0il Filter Delta P

K Lube 0il Pressure

. Lube 0il Tank Level

- Fuel 0il Filter Delta P

B Fuel 0il Pressure

. Fuel 0il Tank Level

* Jacket Cooling Water Temp.*

. Jacket Cooling Water Pressure

B Jacket Cooling Tank Level

B Control Air Pressure

. Lube 0il Pressure at Turbocharger Inlet
. Manifold Air Pressure

- Starting Air Pressure

The parameters marked with asterisks are continuously recorded
as well as monitored.

The following parameters are recorded hourly on operating
logs:

. Load ~ Watt Meter

- Power Factor

. Generator Volts

. Generator Amps

. Stator Temp.

. Lube Oil Pressure

. Lube 0il Filter D/P
. RE Turbo Oil Pressure

. LB Turbo 0il Pressure



Fuel 0il Pressure

Fuel 0il Filter D/P

Jacket Water Pressure

R&L Intake Manifold Pressure
. Lube Tank Level
= 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.

¢. Duke Power Planned Action. Pertinent diesel operating

parameters will be monitored and recorded during diesel
operaticn as described above.

C. Significant Features of Planned Program
C.1 PRiston Skirt Inspection

The plan in Table ! includes inspection of all piston skirts after
about 10 years of operation to verify the absence of cracking at
stud bosses and internal reinforcing rib =~ wrist pin boss
junctions. This inspection would require extensive disassembly,
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.

Bearipg Inspections

The plan in Table 1 is based on not disassembling conmecting 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:




- 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.

© Ferrographic and spectrographic analyses provide a reliable
method of ensuring that unusual or excessive bearing wear is
not occurring.

- Extensive disassembly of the diesel exposes the engine to
factors which can reduce reliability.

D. Summary Observations and Comments

D.1

D.2

D.3

D.4

D.5

The maintenance and inspections recommended by TDI for various time
periods are based on the assumption that the diesels will
accumulate hours at the rates normal for marine or utility diesels,
e.2., 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
for the Catawba diesels. For this reason, TDI“s recommended
schedule Las been relaxed in Table 1 for some items; however, the
schedule in Table 1 still calls for much more frequent inspection
and maintenance than would be required by the hours of operation.

The maintenance, inspection, and surveillance program of Table 1
applies to both the Catawba 1A and the 1B diesels.

The TDI Owners Group is preparing a recommended maintenance,
inspection, and surveillance program. When it is issued, the
Catawba program will be re-evaluated and revised as appropriate.

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
the Catawba lA 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
relaxation or elimination of these enhanced requirements.

The routine periodic maintenance, inspection, and surveillance
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.



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 Gemerator Reliability for Power Operation 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
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Table 1

Catawba 1A and 1B Diesel Engines
Periodic Inspectiop, Maintenance and Surveillance Schedule

Planned periodic inmspection, maintenance, and surveillance for the Catawba lA
and 1B diesel engines is described in this table. It should be noted that
additional inspection, maintenance, and surveillance will be performed cn an
as-required basis to correct or investigate actual or potential problems and

as 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 operationm.

1 start per month of plant operationm.

1 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
st TOTAL DIESEL AND SUPPORT SYSTEMS GENERAL VISUAL CHECKS FOR
INCLUDING ENGINE BLOCK & BASE LEARAGE AND CHECKS OF COMPONENT
PERFORMANCE PARAMETERS
02-5008B CONTROL PANEL ANNUNCIATORS TEST ANNUNCIATOR LIGHTS VIA TEST
BUTTON
02-5001 CONTROL PANEL PYROMETERS CONTINUOUSLY MONITORED, CALI~
BRATED AS REQUIRED
" STARTING AIR SYSTEM DRAIN LOW POINTS, STRAINERS AND
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.



PART NO. PART RAME

02-361 INDICATING COCKS

CN-115 BATTERY CHARGER

PART RO, PART NAME

CHECK FOR WATER LEAKAGE, AND
WITHIN 4 HRS OF SHUTDOWN
VERIFY BATTERY VOLTAGE

CN-119 GENERATOR
- LUBE OIL SYSTEM

ot JACKET WATER SYSTEM
CN-110 FULL FLOW LUBE OIL FILTER
- SPACE HEATERS

SEMI-ANNUAL

PART NO. PART NAME

MEGGAR TEST ROTOR AND STATOR
CHECK SYSTEM AND SUMP TANK FOR
WATER, PARTICULATES, NEUTRALI-
ZATION, AND SIMILAR CHARACTERIS-
TICS

CHECK pH

DRAIN WATER & SLUDGE

CHECK OPERATION OF SPACE HEATERS
IN CABINET

02-371A FUEL RACK LINKAGE AND CONTROL

SHAFT
- LUBE OIL SYSTEM

- DIESEL

12.

LUBRICATE BEARINGS ON CONTROL
SHAFT

CHECK LUBE OIL BY SPECTROGRAPHIC
AND FERROGRAPHIC MEANS
VIBRATION MONITORING USING
MANUAL PROBES



EACE REFUELING

PART NO. PART NAME

REMARKS

—— D% OIL JETS

——  CYLINDERS

00~700D JACKET WATFR STANDPIPE GADGES
00-700E JACKET WATER STANDPIPE SWITCHES
02-310A CRANKSHAFT

02-310C CRANKSHAFT THRUST BEARING RING
02-311A CRANKCASE ASSEMELY

02-315€ CYLINDER HEAD STUDS

02-340A CONNECTING RODS AND BUSHINGS
02-345A INTAKE TAPPETS

02-345B FUEL TAPPETS

02-350A CAMSBAFT ASSEMELY

02-359 AIR START VALVE (BOLTING)
02-3658 FUEL INJECTION TIPS

02-390G ROCKER ARM BOLTING

024104 GOVENCR OVERSPEED TRIP
02-411A GOVENIR DRIVE GEAR AND SHAFT
02-41!B COVENR [RIVE COUPLING
02-413A GOVENOR LINKAGE

02-415A SPEED REGUIATING GOVENIR
02-4758 TURBOCHARGER AIR BUTTERFLY VALVE
02-500D0 CONTROL PANEL PRESSURE GADGES
02-500F CONTROL AIR ACCUMULATOR
02-500C CONTROL AIR SYSTEM VALVES

02-500H CONIROL AIR SYSTEM PRESSURE SWITCHES

02-500J CONTROL SYSTEM RELAYS
02-500K CONTROL SYSTEM SOLENOID VALVES
02-500L. CONTROL PANEL TACHOMETER
02-540D LUEE OIL STMP TANK FEATER
026300 INSTRIMENTATION THERMOCOUPLES

02-689 (FF ENG. SAFETY ALARM SENSCRS-WIRING

02690 ENGINE ALARM SENSORS

02-691A OFF ENG, SAFETY ALARM SENSORS-SWITCHES
02-6958 ENC SHUTDOWN VALVES RECULATORS ,(RIFICES

02-695C ENCINE SHUTDOWN TRIP SWITCHES
Q115 BATTERY CHARGER

Q¥-117/8 GENERATOR CONTROL

(¥-128 MISC, BQUTP.-HFATER, JACKET WATER
i-1194 GENERATUR SHAFT AND BEARINGS

13,

CHECX FOR PLOGGED OR BRCKEN LINES

MEAS(RE COLD COMPRESSION & FIRING PRESSURE

PER STATION CALIBRATION SCHEDULE

PER STATION CALIERATE TEST SCHEDULE

HOT AND COLD WEB DEFLECTION MEASUREMENTS
MEASURE TTRUST BEARING RING CLEARANCE

REMOVE DOCRS AND EXAMINE ENCINE

CHPCX PRELOAD OF 25% OF STUDS

CHECX PRELOAD OF BOLTS

VISUAL & PERFORM MEASUREMENT/ADJUSTMENT

VISUAL & PERFORM MEASUREMENT/ADJUSTMENT

VISUAL INSPECTION OF CAM LOBES

VERIFY TORQUE OF 251 OF BOLTS

REMOVE, CLEAN, RESET, & REINSTALL

VERIFY TORQUE '
PERFURMANCE TEST AND RECALIERATE

VISUAL INSPECTION WHERE ACCESSAHLE W/ELASTOMER REPLACEMENT
REPLACE EIASTMER IN COUPLING

INSPECT FOR LOOSE PARTS ON LINKAGE

CHANGE OTL, VERIFY SETTINGS
PERFORMANCE TEST, MAINTAIN AS REQUIRED
CALIERATE PER STATION PROCEDURE

PRESSURE TEST PER STATION CALIERATION PROCEDURE
PRESSURE TEST PER STATION CALIBRATION PROCEDURE
CALIERATE PER STATION PROCEDURE

TEST PER STATION SYSTEM PROCEDURE

CALIERATE PER STATION SYSTEM PROCEDURES
CALIERATE PER STATION PROCEDURE

SET THERMOSTATS PER STATION PROCEDURE
FUNCTIOMALLY TEST

FUNCTIONALLY TEST
FUNCTIONALLY TEST & CALIERATE

FUNCTIONALLY TEST AMD CALIERATE PER STATION PROCEDIRE
SET (R CALIBRATE PFR STATION SYSTEM PROCEIRE
TEST PER STATION SYSTEM PROCEIXRE

TEST CAPACTTANCE

TEST AND ALIGN SEQUENCER PER STATION PROCEDIRE
SET THERMOSTATS PER STATION PROCEDURE

CHANGE LUEE OTL



EVERY OTHER REFUELING

ZART §O. PART NAME REMARKS

02-365A FUEL INJECTION POMP DISASSEMBLE & CLEAN, INSPECT ONE
REPRESENTATIVE PUMP

EVERY EIVE XEARS

PART NO. PART NAME REMARKS

004918 TURED INLET ADPTR-MIG HDWE & FLEX CONN GENERAL VISUAL TNSPECTION W/TURBO DISASSEMELY

02-350C
02-355A
02-3558
02-410C
w22/

CAMSBAFT SUPPORTS, BOLTING AND GEAR
IDLER GPAR ASSEMELY (CRANK TO PUMP)
IDLER GEAR ASSEMELY
OVERSPEED TRIP COUPLING
TURBOCHARGER

EVERY IEN YEARS

PART NO.

02-305%
02-0%
02-305¢
02-307A
02-3078
02-307C
02-307D
02-3108
02-31%
02-31%
02-3408
02-341A
02-3418
02-31C
02-359

02-360A
02-3608
02-3600
02-3808
02-390A
02-3908
02-390C
02-390D
02-390e
024424
02-5%

Qw111

o122

PART NAME

MAIN BEARING CAP BASE ASSEMELY

14,

3
-
A
~
.

GENERAL VISUAL INSPECTION W/ DISASSEMELY (TWO CAPS)
GINRAL VISUAL INSPECTION W/DISASSEMELY (TWO CAPS)
GEONRAL VISUAL INSPECTION W/DISASSEMELY
GENZRAL VISUAL DNSPECTION W/DISASSEMELY
GINFRAL VISUAL INSPECTION W/DISASSEMELY
GENZRAL VISUAL INSPECTION W/DISASSEMELY

RN
el
53020 g;nss
5325!3 thes
~§ 553 Egg
L1

X VISUAL INSPECTION W/TURBO DISASSEMELY
VISUAL DNSPECTION OF SOCKETS

VISUAL INSPECTION OF SOCKETS

VISUAL INSPECTION OF WELDS

VISUAL DNSPECTION OF WELDS

VISUAL DNSPECTION ACCTSSANLE

B0 & TG CAM

L
i
agg!si
T
Afgl



AS REQUIRED

PART NO. PART NAME REMARKS

02-387D CRANRCASE VENTTIATURS & FLUID MANCMETER MONTTOR DURING OPERATION AND CALIERATE AS REQUIRED
02-441B START AIR STRAINERS AND FILTERS CLEANTNG/REPLACEMENT GOVERNED BY D/P
02-455% FUEL OIL FILTERS REPLACEMENT GOVERNED BY D/P
02-4558 FUEL OIL STRAINERS REPLACEMENT GOVERNED BY D/P
02-5404 LUEE OIL STMP TANK BASED ON OTL CHANGE REQUIRFMENT
02-820 FUEL OIL DUPLEX STRAINER CLEANING GOVERNED BY D/P

02-8354 AIR DRYER CRANGE DESSICANT

@106 INTAKE AIR FILTER REPLACEMENT GOVERNED BY D/P
Q+110 FULL FLOW LUEE OIL FILTER REPLACEMENT COVERNED BY D/P

(%122 OIL PRELUEE FILTER CHANGE GOVERNED BY D/P

@131 LUEE OIL KEEPWARM STRAINER CLEANING GOVERNED BY D/P

SE-025

LUEE OIL FULL PRESSURE STRAINER

15.

CLEANING GOVERNED BY D/P



Note 1:

Note 2:

INSPECTION, MAINTENANCE AND SURVEILLANCE PLAN NOTES

Time intervals listed should be understood as meaning the indicated
period +/- 50T for time intervals shorter than a refueling
interval.

Items requiring 5 and 10 year inspections may be performed at the
refueling either before or atter the indicated period.



