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'Ittis rwru.L contains a detailed description of the program of preventive
maintenance, replacanent of wwnents with inproved quality products,
engine testing, and engineering evaluations which have been undertaken by
MP&L, GWS Unit 1, to enhance reliability and to assure 'with a reasonable
level of confidence that the Transamerica Delaval, Inc. ('IDI) diesel
engines at Grand Gulf Nuclear Station (GGS) will perform their required
safety function.

'Ihe report also addresses inplemntation of vendor rc.umendations, NBC
directives, problems encountered on 'IDI engines at other locations, in
particular, the LIILO plant at Shoreham, potentially significant itens
identified .t a TDI omers Group meeting and other sources of operating
experience information.
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;S 1.0 INFRCDUCTION

Grand Gulf Nuclear Station, Unit 1 is equipped with three diesel
generators, two of which are sgplied by Transarrerica Delaval, Inc. (TDI) .
Sese two diesel generators are sources of energency power to the GWS
Division I and Division II ESP buses. The third D/G set, dedicated to the
HPCS system, is supplied by the Elm.Lh 4.ive Division (MD) of General
Motors.

' nis u vuti prwides a detailed description of a progran undertaken by MFE
to ar. hance the reliability and performance of the two TDI diesel generators
at GWS Unit 1. The report contains a description of activities of
preventi e maintenance, replacanent of various ocmpcments with irproved

,

quality prodets, and testing of the two TDI diesel generators. j

|
%e ivymmet program includes specific actions which have been or are ;

being taken to correct the problems experienced with TDI diesel generators
during the start-up uusting phase cf GGNS Unit 1. Potential prebleus
identified to MP E as a result of the experience with W I diesel generators
at other nuclear installations, in particular the LIIID plant at Shoreham,
are also addressed.

Se main arphasis of this report is to prwide the results of an engineer-
ing evaluation of the two 7DI diesel generators at GWS Unit I for their
reliability and performance. His evaluation is intended to prwide
reasenaMe assurance to the NRC that the TDI diesel generators will perform
their required safety function. This report supplanents earlier reports on
the Division I and II diesel generators (Reference 12, 13, 14, 19).

.

Sections 2 thru 9 of the report contain descriptions of repairs or nodifi-
cations which have been performed. Section 10 concerns 3DI's product im-
provement program. Section 11 focuses on the testing programs, both the
testing done in the past and the testing performed after ocrpletion of the

. piston skirt changeout. A sumary of the overall engineering evaluation
is provided in Section 12. Se conclusions reached from these evaluations
are provided in Section 13.

c Attachnent 1.provides details of concerns raised at a meeting of the TDI
diesel generator owner's group witn the NRC on January 26, 1984, their
applicability to Grmxi Gulf and their resolution.

Attachnant 2 provides a sumnary of various pisten ekirt designs that have
been or are in use in the GWS TDI diesels.

(_ inble 1-1 prwides a list of the principal design specifications for GWS
Unit 1 TDI diesel generators.'

: Table 1-2 shows the-total operating hours, starts, valid tests and valid
failures for the GWS TDI D/Gs. Table' l-2 also shows that the ratio of
valid failures (1) - to valid starts - (128) results in an excellent start*

reliability in excess of 99 percent.

.
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1.0 (Continued)

Table 1.s shows the Division I and II approximate run hours under load
,since the originally furnished pisten skirts were modified in Neverter,
1981.

Table 1-4 shows the procurement specification estimated electrical 1rwla
and the present electrical loadings for the Division I and II diesel
generator.

'Ihe significant work activities ccupleted on the Division I and II engines
are:

e All piston skirts have been replaced with skirts of inproved |
design,

o All 32 cylinder heads inspected and eight cylinder heads with
rejectable indications have been replaced,

e All Division I and Division II musdor push rods have been
replaced with ccmponents of impreved design,

e All s4 4cting rod bearings have been replaced,

e Inspection of both crankshafts has been ecupleted, and

e Rework of +mrkncharger piping and ccmponents using ASME welding,
procedures a:x1 materials has been ecmpleted.

.

'Ihese work activities are intended to enhance engine performance and
,

reliability. 'Ihey have insignificant inpact on engine specifications,I

I design criteria, subsystems or performance characteristics.

None of the work activities affect _ the design considerations listed in
Table 1 of IEEE 387-1977 As such, these work activities are considered
minor design changes as defined by IEEE 387-1977. Therefore, the post
maintenance qualification and availability testing of these diesels was
planned according to the guidelines establish ~1 in IEEE 387-1977 for minor
changes. Additional testing was also perfcsrmed.

I
e
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TABIE 1-1
,

DEIAVAL INGINE SPECIFICATIONS

Model DSRV-16-4 |

Quantity 2

Engine Serial Nuttber 74033-2624 & 74034-2625

Service Stationary generator for
nuclear service

Fuel Mode Diesel

Configuration 45' "V" type

No. of Cylinders 16

Bore (in.) 17

Stroke (in.) 21

Cycle Model 4 stroke
.

'Ibtal Displacement (cu. in.) 76,266

Crankshaft Rotation CW (frczn Flywheel end)

Firing Order IIe8R-4L-5R-7Ie2R-3L
6R-8Ie1R-5Ie4R-21e7R
6Ie3R

Continuous Rating (kw) 7000

Overload Rating (kw) 7700

k Crankshaft Diameter (in.) 13

Crank Pin Diameter (in.) 13

.~
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'ILBIE 1-2

(YHS D/G OPERATING DATA

4

Division I Division II
'

Shop and Pre-Op Run Time (Hrs) 535 252

Sixe Date of OL Run Tim (Hrs) 736 560

Total Run Tim (Hrs)( I 1271 812

'IUTAL 10. OF STARTS (

Delaval Shop Runs ( ' 310(2) 5

Pre-Operational Runs 60 60

Since Date of OL Runs 154 105
|.

Total Starts 524 170

,

NOTES: 1. Source of Information - Delaval Technical Manuals.

2. Division I engine had 300 prototype runs for reliability
testing.

3. Data as of February 1, 1984
|

4. Valid Starts: Div I - 76

Div II - E
,

128

Valid failures: 1 (Div I Control System Electrical
Cmponent)

Start Reliability: 99.2%

valid starts and failures are as defined in Regulatory Guide
1.108.

..
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TABLE 1-3

DIVISION I AND II APPROXDRTE
RUN HOURS UNDER I4AD SINCE ORIGDRILY FURNISHED

PI9 ION SKIRPS WERE MODIFIED IN NOVDEER,1981 'IO FEBRUME 1,1984

9

Ioad, t 5% Division I Hcurs Division II Hours

14 12< 50

|
50 - 60 450 316

~ 60 - 99 7 7
L
1

100 272 197
f

110 14 10

.
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TAB E 1-4

D/G IDADINGS

Division I Division II
,

Procurement Specification 5730 W 6100 m

Design DG Rating 7000 W 7000 W

Ioss of Offsite Power Ioads 3627 m (51.8%) 4745 m (67.8%)

Post IOCA Ioads 4711 m (67.3%) 3914 m (55.9%)

'Ibtal Connected ESF Bus Ioad 5963 m (85.2%) 6397 m (91.4%)

'

|

!

I

. '
,

i
t

7

-

- _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ . _



..

,

2.0 PIS'IWS

2.1 DESCRIPTION

MP&L received information fra 'IDI that during a recent reassetbly of
the three 'IDI diesels at the Shoreham station, an inspection of the
piston skirts revealed . linear indications exceeding 1/16 inch in
length in 23 of 24 modified "AF" piston skirts.

As a result of this finding, 'IDI generated a 10CFR21 report r+1--+M-
ing that G WS and San Onofre inspect 25% of the modified "AF" piston
skirts in each engine for linear indications. MP&L subsequently found
rejectable indications in three of four modified "AF" piston skirts

- during the 25% inspection on the GWS Division II engine. All piston
skirts on the Division II D/G were then inspected. The results of
these _ inspections are shown in Table 2-1 and 2-2. The inspectim
criteria used for the inspection is described in Step 2.3 of this
section.

2.0 DKIINEERING EVALtRTION

Failure. Analysis Associates (FaAA) performed an inspection and
analysis of the modified type "AF" piston skirts which were removed
from the Shoreham diesels. After ocuparing the GGNS Division II
piston skirt inspection results with the Shoreham evaluation results
(Reference 1), FaAA concludd that the GGNS Division I piston skirts
muld contain fatigue cracks of the same approximate depth as the
Shoreham engines.

.

As a result of these early evaluations MP&L replaced all piston skirts
. in the two Unit.1 'IDI engines with the inytvved "AE" style skirt
provided by 'IDI. (See Attactnent 2 for Details of Piston Designs) .
MP&L worked with 'IDI in the final phases of production and inspection
of ' these piston skirts to assure that they are free of rejectable
indications (as evidenced by fluorescent magnetic particle examina-
tion).

Preliminary results' of an evaluation twyuded by FaAA indicates that
the "AE" tite pistcm will exhibit substantially lower stresses than
the replaced modified "AF" type under similar loadings. FaAA has abo
indicated that some related information has be2n empiled on existir.g
'IDI engines using the "AE" pistons. 'Ihe "AE" pistens in the TDI
supplied Kodiak engine (more than 6000 hours of run time) and the 'IDI
R-5 test engine (approximately 680 hours of run tine at elevated
cylinder firing pressures) exhibit no signs of piston skirt cracking.

! At a meeting of the 'IDI D/G Owners Group on Februarf 8,1984, T.TTm
indicated that a Shoreham TDI engine is about to trabvu a 100 nour
full power teet. LIICO has agreed to prcvide MP&L with piston skirt
inspecticm results upon empletion of the test.'

L 'IDI also has undertaken a progre to further verify the adequacy of
the "AE" piston design. Static loadings of fully instrumented "AE" ,

pistons in the cold condition are being performed by 'IDI. Results of
the testing will became available to MP&L when conpleted.

8

I. ..
|
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2.3 PIS' ION "LNSPECTIONS

-(1) Division II modified "AF" piston skirts were nondestructively
examined with liquid fluorescent dye penetrant and/or wet
fluorescent magnetic particle processes. 'Ihe specific area of
concern was the filleted transition area between the skirt / crown
stud hole bore and the skirt wall. All critical filleted areas
of each modified "AF" piston skirts were initially inspected with
the liquid fluorescent dye penetrant process. 'Ihe results of
this initial inspection are sutmarized in Table 2-1. 'Ihe
following criteria was used in recording possible indications:

,

1. all indications were to be evaluated, and

2. a linear indication is defined as an indication in which its
length is greater than three times its width.

Nanerous indications were found, ranging fran 1/32 to 9/16 inches
in length. The following additional inspections were performed
to determine if the linear in.iications were superficial in
nature. Each linear indication was ground and/or sanded to a
depth of approxinately 0.062 inches. These indications were then
re-inspected using the liquid fluorescent dye penetrant or wet
fluorescent magnetic particle process. Linear indications were i

'found ranging frcm 1/32 to 1/2 inch in length. The results of
these additional inspections are sutmarized in Table 2-2.

To characterize these indications, a confirmatory metallurgical
analysis will be performed. The analysis will attaipt to deter-
mine the mode of cracking, characterize the crack propagation
rate, and estimate the depth.

(2) All replacert.c.at "AE" piston skirts were nondestructively examined
by 'IDI using the wet fluorescent magnetic particle process prior
to installation in the engines. All 'IDI nondestructive examina-
tion procedures were reviewed and approved by MP&L. The follow-
ing criteria were established as levels of unacceptability:

1. any linear indication greater than 3/16 inch long,

2. rounded indications with dimensions greater than 3/16 of an
inch,

3. four or more rounded indications in a line separated by 1/16
of an inch or less, edge to edge, and

4. cracks and hot tears.

These acceptance criteria were derived fran AS'IM Standard E 125-63,
reapproved 1980.

.

9
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2.3 (Continued)

All piston skirt castings were accepted to the above criteria. It
should be noted that all acceptable indications that were found were |

documented by appropriate records.

2.4 MPNUFACIURING DEIAILS

'Ihe manufacturing details for the "AF", modified"AF" and "AE" piston
designs have been provided to MP&L by 'IDI. The evolution of 'IDI's
pisten design is relevant to this report. As such, the details of f
manufacture for each of these piston designs is presented in |

Attachment 2.

It is inportant to note that the "AE" design utilizes a reinfort:ed
(lower stressed) casting and a half-stack Belleville washer arrange-
ment. Also, "AE" skirts are heat treated to prod'xe stress relieved
nominal 100,000 psi tensile strength nodular iron. The "AE" style
ski"; is interchangeable with existing R-4 piston crown and requires
only minor hardware changes.

2.5 CONCLUSI0tG

As a result of the Division II modified "AF" piston skirt inspection,
the piston skirts in the. Division I and II D/Gs have been replaced
with the type "AE" pistan skirts.

Based on preliminary results of analytical work being performed by
FaAA and the operating experience and subsequent inspection of the
pisten skirts on the 'IDI Kodiak and R-5 test engines, MP&L has con-
cluded that the "AE" design is capable of performing the required
function at all running loads. MP&L will continue to nonitor piston
skirt validation evaluations by the vendor, consultants and the 'IDI
D/G owners group.

.

.
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TABLE 2-1

RESULTS OF INITIAL INSPECTIONS OF (TES lODIFIED AF PISION3
IN 'IEE DIVISION II D/G i

Indication Iength (Inches) (1)
.

Piston Stud Hole Bore Area (2)
Identification i1 #2 43 44

f1RB None 1/8 3/32 1/4,1/32,1/16

91LB None 1/32 None 1/16

42RB None 1/32 None 1/4,1/16

42LB 5/64,1/16 None 3/16 1/8,1/32

f3RB 1/4 1/32,3/16 None 1/2

43LB 1/32 1/32 None 3/16

44RB None None 1/4 None

#4LB 1/16,1/8 None 3/32,1/8 1/16 *

#5PB 1/32 1/32 1/4 1/4

95LB 3/32,3/32 1/8 9/16 3/8

#6RB 1/4 3/16 None 1/4

#6LB 1/32 None 1/16 1/32

#7RB None None None 3/32

#7L3 None None None 1/32

#BRB 3/32 None None None

#SLB 1/16,1/8 None 1/16 1/4

General Notes:

(1) All inspection performed using Liquid Flucrescent Penetrant Process.

(2) See Figure 2-1 for location of the stud bore area within piston skirt.
..

11
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TABIE 2-2

RESULTS OF ADDITIONT4 INSPECTION OF GOIS MODIFIED AF PIS'I0tE
IN THE DIVISION II D/G

l Indication Iength (Inches) (1)

Stud Hole Bore Area (2)
Pis h

Identification #1 42 43 14

1/8 (!E) NAD (MP) NAD (PE)41RB -

NAD (Mr)NAD (MT) -
#11a -

NAD (PT)NAD (PT)#2RB
--

NAD (PT) NAD (PT)42IB NAD (PT) -

NAD (MP)#3RB 1/4 (Mr) 3/16 (MT) -

3/16 (Mr)43Is 1/8 (Mr) 1/8 (Mr) -

1/4 (Mr) -

14RB-
--

1/c (nc) 1/16 (Mr)#4Is 1/8 (Mr) .-

(5RB NAD (MT) NAD (MP) 1/4 (NT) NAD (MT)

#5IB NAD (MI) NAD (MP) 1/2 (MT) 1/4 (Mr)

1/4 (MP)#6RB NAD (MT) NAD (MP) -

NAD (?"T) NAD (MT)#6IB NAD (MI) -

1/32 (MP)-

47RB
--

NP.D (MT)-

57LB --

#8RB NAD (Mr) -- --

NAD (MI) 1/4 (MI)48IB 1/8 (Mr) -

General Notes:

(1) PT indicates Idquid Fluorescent Dye Penetrant Inspection.
(2) MP indicates Fluorescent Magnetic Particle Inspection.
(3) See Figure '2-1 for location of the stud bore area within piston skirt.
(4) - Not performed. No discontinuities present during initial inspection. -

(5) NAD No apparent defect.

12
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FIGURE 2-1: LOCATION OF STUD BORE AREAS
WITHIN PISTON

.
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3.0 CYLDOER HEADS

3.1 DESCRIPTIm

During disassetbly of the Division II engine for piston inspections,
red rust was reported in the area of the exhaust valve seats on the 45
right bank head. Subsequent color contrast dye penetrant inspections
showed cracks in the stellite exhaust valve ceat overlays. Because
of the rusting,.it is postulated that one of the cracks may extend
into the water jacket.

3.2 INSPDCTIm AND ENGMEERING EVAURTIW

. As a result of these cracks, an investigation has been initiated to
determine the extent of the cracking and required cx>rrective action.
'Ihe investigation has been divided into two parts, short and long
term. The short term investigation was initiated to determine if the
extant of cracking is generic to all heads at GWS. All cylinder
heads on both Division I & II D/Gs were removed and were nondestruc-
tively examined in the area of the stellite seats with a color
contrast solvent removable dye penetrant process. The following
criteria were established as levels of unacceptability:

1. Any cracks or linear indications

(' 2. Four or nore rounded indications in a line separated by
1/16 inch or less, edge to edge

3. _Any rounded indication with dimensions greater than 1/16 *

;

inch'

4.- Linear indications are those indications in which the
i . length is more than three times the width

'IWo of the 16 heads cm the Division II D/G and six of the 16 heads on
L the Division I D/G were det=. mined to have rejectable indications.

Of these, only the Division II D/G #5 right bank cylinder head had an
apparent through wall crack. No other visual evidence of cracking was
found in the cylinder heads. A description of the indications found
during these inspections are detailed for Division I in Table 3-1 and
Division II in Table 3-2.

To address the long term concern, a failure investigation has been
initiated. A metallurgical evaluation will be performed to determine
the cause of crack initiation, and the crack nu. w . tion mode.

3.3 CORRBCTIVE ACTIm

namaa on the short term investiga'tions, MP&L has replaced the two
hmads on the Division II D/G and the six heads cm. the Division I D/G
with heads that were examined and determined to have no rejectable
valve seat indications. No further action is planned, pending the
results of the long term investigation. .

14
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3.4 CONCLUSICNS

'No heads on Division II and six heads on Division I were determined
to have rejectable indicaticru. However, as deanstrated by the
operability of the D/Gs prior to the replacement of these heads, the
ability of the Unit 1 D/Gs to perform their safety function was not
inpaired. The replacment of these eight heads with heads free of
rejectable valve seat indications provides additienal assurance that
the potential for head cracking frcun this sourc2 is minimized.

To provide further assurance that any significant cracks in the heads
will be detected, additional surveillance will be performed following
D/G operation to detect the cresence of water in U-s cylirxlers. 'Ihese
surveillances will be in addition to the current surveillances which
are designed to check for the presence of water prior to manually
initiated D/G starts.

I

'
,

I
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TABLE 3-1

INSPECfION RESUL'IS OF DIVISICN I CYLINDER IEADS

Head
# Inspection Results
r

IIB No Apparent Defects

1RB No Apparent Defects

2LB Linear Indications on Fusion Zone Between Casting and
Stellite Valve Seat

2RB No Apparent Defects

3LB No Apparent Defects

3RB No Apparent Defects
i

4LB No Apparent Defects

4RB Linear Indication in Stellite Valve Seat
,

SLB Linear Indications in Stellite Valve Seat

3RB No Apparent Defects

6LB Linear Indication in Stellite Valve Seat

6BB Linear Indications in Stellite Valve Seat
I

7LB No Apparent Defects

7RB No ipparent Defects

8IB No A g ent Defects

BRB Linear Indication in Stellite Valve Seat

.
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TABIE 3-2
|

INSPECTIN RESULTS OF DIVISION II CYLINDER HEADS

Head
I n a on Inspection Results

IIB Incm plete fusion 5/16 inch long on intake valve seat

1RB No Apparent Defects

2IB No Apparent Defects

2RB No Apparent Defects

3IB No Apparent Defects

3RB No Apparent Defects
*

4IB No Apparent Defects

4RB No Apparent Defects

SIR No Apparent Defects

SRB 'Nelve linear indications ranging frczn 3/16 to 3/4
inch. All indications transverse to stellite overlay

on two exhaust valve mats. All cracks are contained
within the valve seat except for one, which extends
frun stellite into cast head material.

6IB No Apparent Defects

6RB No Apparent Defects

71B No Apparent Defects

7RB No Apparent Defects

8IB No Apparent Defects

8RB No Apparent Defects

.
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4.0 00tENING BCD BEARINGS

4.1 DESFIPTION

Shoreham has experienced cracks in muscting rod bearings. These
cracks were discovered (See Reference 2), when LIIID disassabled the
three diesel engines at Shoreham (TDI Model DSR-48) to investigate a
crankshaft failure (See Section 6.0) . A cmplete inspection found
that four of the forty eight muscting rod bearing shells contained
cracks. Even though the Grand Gulf D/G design is significantly diff-
erent (i.e., GGNS has articulated connecting rod design and reduced
muecting rod bearing loads) an inspecticn and evaluation was per--

formed to determine if this concern exists at Grand Gulf.

4.2 ENGINEERING EVAIDATION, SHORE 1DM BEARINGS

A schematic of a cracked Shoreham bearing is shown in Figure A-1-
FaAA performed an analysis (Reference 18) on one of the cracked
Shoreham bearings. The cracked bearing was checked for its chemical
and physical prope:rties. A scanning electron microscopy (SE2C

analysis of the fracture was also perfomed and dirensional checks
we.re made for wear. The chenical and physical properties met the
current design specifications except for elongation. The elongation
was found to be below specification, however, the test specimen was
not standard, and led to results that were inconclusive. Peference
chemical properties for B850.0-45 are shown in Table 4-1. A Shoreham
SEM examination of the - fracture face indicated that voids in the
bearing shell may have been crack initiation locations. In cenpres-
sion, voids in the " overhang" area would not pose a problem.
McNever, the bearing / rod arrangenent on the Shoreham diesels did not
support the end part of the bearings (Figure 4-2) . This unsupported
end cmtined with the yawing of the crankshaft would put the intenal
diameter surface into tension. The surface porosity acting as a
stress intensifier may have contributed to crack initiation in the
unsupported end (" overhang" area) . Also, the subsequent shell
thickness measuranents showed the buring to be within the manufactur-
ing tolerances, i.e., no appreciable wear.

4.3 GGNS D/G INdm:nON

The inspections delineated below were perfomed on Division II D/G
w w ents. New bee. rings were installed in both divisions to expedite
the return to service of the diesel and to extend the replacement
period of the bearings. The integrity of these replacement bearings
was based on an exact part nunber exchange, visual inspection of the
bearings before installation, and favorable results frczn the inspec-
tion / evaluation performed on the original bearings.

.
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4.3 (Continued)

1. All of the connecting rod bearings were dimensionally checked for
wear and signs of unusual or abnormal wear patterns.

2. Two (25% of total) of the connecting rod bearings were inspected
by liquid penetrant (PT) and radiography. The radiography tech-
nique utilized an x-ray tube radiation source and obtained a 2-2T
film sensitivity yielding at least of 0.015 to 0.020 inches reso-
lution. The PT inspections used a liquid fluorescent dye pene-
trant process and net the requirements of ASD4 Standard E165.
No rejectable indications were found.

Tests to check the chmical and physical properties of two
(25% of totall original connecting rod bearings are planned.
% ese tests will be performed in accordance with applicable ASnd
Standards. These tests are considered confirmatory in nature.

3. 'Ib " overhang arrangement" of two bearings / connecting rod assem-
blau was dinensionally checked for unsupported bearing material.
The chamfers on the connecting rods and rod bearings were dimen-
sionally checked to determine if the " overhang arrangement"
exists and to verify that the connecting rod configuration was of
the correct design.

4.4 INsm.:n0N RESULTS

The initial Division'II D/G inspections indicated the following:
,

1. Review of the radiographic film showed that any bearing porosity
was less than 0.030 inches, however, sm e linear type indications
were present. All linear type indications were directly trare-
able to minor gouges and marring located on the bearing surfaces
which occurred during disassenbly. As indicated in preliminary
information by FaAA, porosity of less than 0.030 inches is pre-
dicted to be of little consequence to the satisfactory operation
of the bearings.

2. The results of the dimensional inspections confirned that the
bearings were within manufacturing tolerances. No signs of
unusual or abnormal wear patterns were noted. n is indicates that
there was no misalignwnt between the connecting rod assenblies
and the crarAshaft.

3. The results of the chamfer measurements indicate that there is no
" overhang" arrangement on the #7 eannecting rod / bearing assenbly
and that the #2 connecting rod /be 2 ring assenbly has an " overhang"
of approximately 0.016 inch (i.e. , 0.016 inch of unsupported
bearing material) . This amount of " overhang" is insignificant
empared to the 0.25 inch " overhang" that existed on the Shoreham
bearings at the time of bearing cracking.

.
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4.4 (Ccntinued)

4. 'Ihe results of the Liquid Fluorescent dye psscLHuit examination
indicated that no cracks were present.

4.5 CONCLUSIONS

'Ihe differences in design between Grand Gulf and shoreham (i.e.,

articulated connecting rod design and reduced wu c,rdng rod bearing-

loads at Grand Gulf) preclude the types of problens that Shoreham has
experienced. However, inspections were performed to verify the ade-
quacy cf the bearings.

Inspections of the original Division II D/G murdng rod bearings
5showed that no appreciable wear or unusual wear patterns were present.

This confirms proper alignment of the wurdng red assernblies to the
crankshaft.

Radiographic inspection of two original Division II D/G connecting rod
bearings found no porosity of a size greater than 0.030 inches, which

| is judged to be insignificant. No rejectable indications were found,

on any of the bearings inspected by ligaid dye penetrant nethods.

Added assurance regarding integrity of tJe replacement bearings is
|

( being provided by confirmatory analyses. Timse analyses include de-
stzuctive and non-destructive testing as well as analytical work being
performed by FaAA.

.

k

.
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TABLE 4-1

OEMICAL SPECIFICATION LIMITS
FOR AIfCA B850.0-T5 AUMINt.M

Element Conposition %

Si 0.4 Max

Fe 0.7 Max

Cu 1.7 - 2.3
.

Mn 0.10 Max

Mg 0.6 - 0.9

Ni 0.9 - 1.5

Sn 5.5 - 7.0

Ti 0.20

Other Elements 0.30 Max

Al Remainder
-

|.
!'
:

p'
,

..
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FIGURE 4-1: SHOREHAM CONNECTING ROD BEARING
DESIGN AND NOMENCLATURE
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FIGURE 4-2: COMPARISON OF CONNECTING ROD / BEARING
CHAMFER ARRANGEMENTS
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5.0 PUSH PCDS

5.1 DESCRIPTIW

On August 11, 1983, during the p rformance of unrelated maintenance, a -

rocker am connector push rod was found to have a cracked weld. The
push rod ball disengaged frm the shaft as the push rod was removed
frm the Division I engine. The defective connector push rod was
replaced and the Division I engine was tested and returned to service
with additional connector push rod inspection criteria specified.
During a subsequent inspection of the Division I engine, 14 of 16
connector push rods were discovered with cracked or separated welds.
This ins p ion revealed one of the connector push rod balls was
cracked in addition to the weld cracks reeviously observed. During
the inspection of the Division II engine in December, 1983, 13 of 16
connector push rods were also found to have cracked tube-to-ball
welds.

.
.

5.2 DiGIN'EERING EVALUATION AtO CORRIrrIVE ACTION

'Ihere were two types of push rod desians used at GCNS. The main push
rods had a tubular steel shaft fitted with hardened steel end pieces
which were attached to the tube with four plug welds near the ends of
the tube. According to 'IDI, an estimated 2 percent of this design
developed cracks in or adjacent to the plug welds on the rods.

The connector push rod consisted of a tubular steel body fillet-welded -

to carbon steel ball bearings. This design is the type which e.xhib-
ited defects at Grand Gulf and is shown in Figure 5-1. A 1 1/2-inch

.

high carbon steel ball bearing is fitted to 1 1/4-inch OD tubing with .

-

a 1/4-inch wall. The inside edge of the tubing has a 45 chamfer
which results in a 7/8-inch circular seating ring for the ball at the

-

>

end of the tube. The ball is attached to the tube with a continuous
360* fillet weld. The materials of construction are as "olloas:

Ball Material: AISI 52100

Tube Material: AS'IM A519

Weld Material: UNIAIDY 850

The first connector push rod found defective was subjected to metal-
lurgical evaluation (Reference 3) , The initial weld defect resulted
frm lack of penetration of the fillet weld with the tubing. Destruc-
tive examination of the ball and weld on the opposite end of the de-
fective connector push rod revealed additional cracks in the heat-
affected-zone (HAZ) of the ball bearing. The welds exhibited lack of
penetration and slag inclusions in the crevice area behind the weld.
The netallurgical evaluation concluded that the ball naterial is
difficult to weld. The possibility of finding underbead cracks all
around the ball in the HAZ is very high.

..

..
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- 5.2 (Cont.inued)

Previous operationa) experience did not indicate that the cracks would
propagate out of the HAZ since the connector push rods are loaded in
capression. Furthernere, none of the MP&L defects or other reported
defects were associated with underbead cracking. Rather, all previous
defects of this design were associated with insufficient weld penetra-
tion. Consequently, MP&L concluded that a push rod exhibiting these
defects would not result in engine failure.

MP&L proceeded with an interim inspection program, until replacement
connector push rods free of defects could be ebtained. The discovery

of a cracked connector push rod ball in the Division I diesel,a

however, denonstrated that the underbead cracks could, in fact, propa-
gate through the ball material.

A new replacement connector i._sh rod design (Figure 5-2) had been
developed by 'IDI. This new design consists of a tubular steel shaft
which is friction welded to cylinders of allov steal on each end.
These ends are then machine finished and hardened. 'Ihe tube material
is AS'IM A-106 Grade B steel; the ends are AISI 8740/50 steel. During
"ecenber, 1983, MP&L engineers reviewed all aspects of the connector
push rod fabrication and observed procedural qualification runs at
Delaval's push rod fabricator in los Angeles. Samples of the quali-
fication run were analyzed by MP&L and deternuned to be acceptable.

5.3 CONCLUSIONS
:

The connector push rod problems described have been corrected with the
new push rod design that is installed in the Division I and II D/Gs.
MP&L plans no further action on push rods, however copies of metal-
lurgical evaluations of the old and new push rods are being provided
to the 'IDI D/G owners group. In addition, a connector push rod with
at least 100 hours at 100% load operation will be provided to the 'IDI7
D/G owners group for laboratory fatigue-proof testing to 10 cycles to
verify a satisfactory endurance limit.

<
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G.0 CRANKSHAFT

6.1 DESCRIPI' ION

% e concern over the design edequacy of the crankshaft was p m yled by
' a crankshaft failure that occurred at Shoreham with their 'IDI supplied

standby diesel generators. Investigation by FaAA revealed that the
cause of the crankshaft failure was high cycle fatigue. 'Ihis led the
NIC to issue IE Information Notice No. 83-58 which identified Grand
Gulf as having TDI supplied standby diesel generatorn with possible
crankshaft design deficiencies.

.-

6.2 ENGINEERING EVAIllATION

I Investigations were 3mnediately conducted by MP&L on the applicability
of the failures at Shoreham to the Grand Gulf 'IDI diesel generators.
A physical conparison (Beference 19) of the DSR-48 (in-line eight
cylinder) series engine crankshaft that failed, with that employed in
the DSRV-16-4 (Vee-16 cylinder) series at Grand Gulf revealed scxTe
inportant differences. Aueng the significant design improvements on
the Grand Gulf engine are the larger web size and shape, larger
crankpin diameter, larger pin fillet radius and the use of
counter-weights. In addition, it was learned that TDI may have used
potentially non-conservative s(1st generation) design harm mic
coefficients in 1974 when the Shoreham stress analysis was performed.

'Ihe original GGNS design stress calculations utilized later 1975 (3rd
generation) harmonic coefficient values. At the request of MP&L, TDI
clarified the use of the CGS 1975 Vs 1983 post-Shoreham 4th genera-

- tion coefficients and recalculated the GGNS D/G shaft torsional
stresses using the latest coefficients (Reference 4) .

The changes made in the newest harmonic coefficients were an analysis
refinment that resulted frcn analytically generated results being
cmpared to actual test results. The changes were minor and did not
substantially affect the analysis. The 'IDI results indicated that the
GGS crankshaft stresses are significantly less than the maxinum

t
.

allowable Diesel Engine Manufacturers Association (DH%) standard and
|

- are also only c 60% of the stresses in tha failed crankshaft at
shoreham. This confirmed that a substantial design margin existed in'

! the GGNS crankshafts.

To verify the adequacy and results of the 'IDI crankshaft design
analysis, MP&L requested Bechtel to evaluate 'IDI's analytical nethods.
Bechtel concluded that the analytical methods used to predict crank-
shaft stresses by 'IDI are in accordance with industry standard prac-

-

tice and appear to be properly applied (Peference 5).h

The results of the Bechtel analyses are sumarized below:

The shaft configuration lends itself to a single dynamice
nodel which adds assurance to the accuracy of the calcula-

- tion. The calculated first mode natural fregaency has been ,

confirmed by results of the torsiograph test, while the
predicted single node shaft stresses are within the DDR
allowables.

28
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6.2 (Continued)

e ' The harnonic or sfficients, cylinder firing sequence, and
engine configuration are such tnat the response of the major
crders of critical speed are minimized. 'Ihe harmonic
coefficients have not been verified but it appears that a
significantly detailed effort has been undertaken by 'IDI to
provide accurate values.

e The 'IDI analysis did not ocabine the response ficzn the |

various haunonics of a given mode and of other nodes to ;
calculate total stress. However, because of the expected '

randczn phasing, the r=AM effects of higher nodes, the
first mode stress margins ocupared to DDR, and the
torsiograph results, the total stress remains acceptable.

e A cm parison of the Grand Gulf and Shoreham crankshafts has
been provided in Table 6-1. The inprovement in the web
area, fillet radius, properly applied counterweights, and
shot-peened fillet radius surface finish provide for a
significant reduction in stress concentrations.

e The torsiograph results provide verification of front end
angle of twist and an indication of shaft stress even though

- it is not a direct stress measurement. One inportant piece
of infornetion suggested by the torsiograph tests is that
the first i: ode dczninates the response of the crankshaft.
' Itis would tend to confirm 'IDI's use of first node response
to predict crankshaft stresses.

e To adimss the total stress in the circular portion of the
shaft, Bechtel performed an ir4 dent dynamic analysis
using the normal mode method and applying rodal superposi-

t tion (Reference 16) . Five sets of harmonic ocefficients
were considered in the analysis with the nost important
being the actual seasured gas pressure values obtained from
an engine of the same configuration and BMEP. The harmonic
coefficients used by 'IVI are in good agreenent with those
derived frczn the measured gas pressure values. The results
of the single order and total stress calculations are tabu-

- lated in Table .6-2 along with other crankshaft stress
results for cmparison.

- e It should be noted that 'IDI's analytical crankshaft stress
determination is based on individual harmonics within a
given node. 'IDI did not determine the stress for a specific
harnonic due to the response of all modes, or sum the
effects of all harmonics and stresses frun experimental
shaft deflection measurements to which a theoretical de-
flection/ stress relationship was applied. 'Ihe theoretical
deflection / stress relationship is based solely on the
characteristics of the first mode, whereas, the measured
deflection includes the response of all modes. ,

29
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6.2 (Continued)

e The value of overall stress reported by FaAA for the
Shoreham cranksnaft represents the average stress taken o m r
the peak stress excursion. 'Ib provide a meaningful ccm-
parison a similar average stress was (nrputed by Bechtel for
the GGNS crankshaft. An average stress is a useful value
for canparison with DEMA standards since tha measure of
stress reversal is direcily related .to fatigue life. The
peak stress calculated by Bechtel for GGNS crankshaft is
6034 psi. Both the peak stress and the averaged reversed
stress for the GGNS crankshaft are within the limits for
allowable stress published by IANA. More inportantly it
should be noted that the total GGNS crankshaft stress is
lower than the FaAA calculated stress for the new Shoreham
crankshaft, even though the rated output of the GGES diesel
is twice that of the shoreham diesel.

As a further verification of crankshaft adequacy, during Decarber,
1983, and January, 1984, when the Division I and II engines were dis-
assembled for maintenance and replacement of existing piston skirts
with inproved piston skirts, the Division I and II crankshafts were
inspected using accepted 10E methods. No rejectable indications were
discovered.

All.the rod bearing journals were examined using a liquia fluorescent
dye penetrant process. The entire journal surface was inspected with
particular attention to the journal fillets. All linear indications
were evaluated with respect to integrity. '1he results of the examina-
tion are shown in Table 6-3.

6.3 CONCWSICES

The method of analysis used by 'IDI has been reviewed and is in accord-
ance with itxiustry standard practices. Additionally the total stress
values not hssed in 'IDI analysis have been calculated based upon
measured gas pressure input arx1 are shown to be within the DDR
limits. Id. quid paiww.cuit examination has shown no defects to exist on-

the journal fillets.

'Ihe total stress analysic results are lower than DDR r+g medations
-and when ocabined with acceptable liquid penetrant examinations alle-
viates the concerns over the design adeqwscy_ of the GGNS crankshafts.

.
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TABLE 6-1

SHOREHAM AND C@S CRANKSHAPT DATA _

Shoreham R Series Grand Galf RV Series

Web Width 21 in. 25 in.

- Web '1hickness - 4 1/2 in. 5 1/8 in.

Web Shape Flat Sided Round

Crank Pin Dia. 11 in. 13 in.

Fillet Radius 1/2 in. 3/4 in.

Fillet Finish Not Shot Peened Shot Peened

.

O

e

%
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TABLE 6-2
|

CRANKSHAFT STRESSES j

AS REPORTED BY VARIOUS ANALYSES

Single Order: Stress (psi) Total Average Stress (psi)

Crankshaft Bechtel FaAA 'IDI Bechtel FaAA TDI

Shoreham (11" pin) 5790(15) 4570(2) 8910(15) 5314( ' |--

Shoreham (12" pin) 3300(17) 2990 5640(17) 4208(2)II I --

I4I 5084(16) 35u7(2,4)GGNS ' (13" pin) .2389(16) 1967 --

General Ccmrants:

~(A) DENA limit for single order; stress is 5000 psi and 7000 psi for the tctd
stress.

(B) References to the source of information are identified in parentheses.

(C) The differences between the 'IDI and Bechtel calculations are primarily due to
Bechtel's sumation of stresses frce all nodes (recxial superpositions) and 'IDI's
method,of including only harnonics within a single node. For additional
information see discussion in Section 6.2.

.
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TABIE 6-3

CPANKSHAPI LIQUID PENETPAVP INSPECTION RESULTS

Rod Bearing
Journal Number, Inspection Results

Div I

All Journals Indications were present - evaluated as wear surface
erks and marring caused by miermeter measurements.
No apparent defects.

Div II

#1, #2, #3 Indications were present - evaluated as wear surface
#4, #5, #6 marks ard marring caused by micrometer measurements.

and #8 No apparent defects.

Div II

#7 No indications present - No apparent defects

.
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FIGURE.6-1: Crankshaft Cunparisons
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-- 17.0 I..P. ITEZ, LINE FAILURE

7.1 DESCRIFFION
,

r-

on Septerter 4,1983,the Division I D/G was sta.- tenance
operation. 'Ihe engine was manually eLw d and fresh aire
fans secured when a fire was reported at the eng_ iire was
caused by a break in a 1-inch fuel oil supply heat . Sreak
-sprayed fuel oil onto the exhaust gas piping to the left h x turbo-
charger. Closer examination revealed that tha tubing cracked circum- i

'

ferentially along a line between the two ferrules of tte Swagelok
mus1.cr which ocnnects the 1-inch tubing to the cross connect pipe
between the the right and left bank fuel oil supoly lines. The fire
required extensive rework and replacement of various myerents.

7.2 I!NGINEERING EVARRTION

Three possible causes of the tubing failure identified in the ansiysis
by Middle Scuth Services (Reference 6) are as follows: (1) an invi+er
tubing material, (2) inytwer fitup and asserrbly of the tubing con-
nector, and (3) vibration loadir.g.

(1) The strength of a Swagelok type connection depends on controlled
deformation .of the tubing between the body of the -uector and

--

the front and back ferrulem. . Consequently, the tubing nust be
ductile enough to deform significantly without cracking.
Swagelok re_- wcds- an ASD1 A179 material. Metallurgical
analysis revealed that the tubing corrposition, hardness and
ductility . were all within the specified ranges for AS91 A179
material and that the tubing was acceptable for the application.
The 0.049-inch tube uall was the mininum reg _-- -ded by Swagelok,
but more than adequate for the operating pressures. The tubing
was replaced with Delaval standard spares.

(2) A Swagelok sq.s,. 4.ative fran the Oakland Valve and ritting
conpany, inspected the failed tubing and the sssociated Swagelok
must.cr which had been sectioned for analysis. The Swagelok
representative stated that the tubing had been properly deformed

- and . that fitup or assenbly problems would hcVe been very un-
>

likely. h Swagelok fitting was replaced with Delaval standard
spare material.c

(3) Vibration and fatigue were the most likely causes of the failure.
The assertly of the Swagalok fitting forms a sitall ledge which
acts as a stress concentrator. There were no supports on this
section of tubing, although Delaval drawing 02-450-13 shows a
clartp or support as item nutber 7

.
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0) (Continued)

Analysis revealed no evidence of cracking at the other end of the
tubing at the fuel oil filter Swagelok cuumction. W e crack in
the failed section of tubing initiated at the root of the ledge.
The crack was initiated and propagated by high cycle fatigue
mechanisms. This particular section of tubing had been subjected
to . unusual vibration loading by a defective left bank turbo- |
charger.

'

The root cause of the failure was determined to be the unusual vibra- |

tion -loads ingosed by the defective Hwbrvharger cabined with the
'

absence of any scoports to isolate the Swagelok connector fra vibra-
tion loading. Tte defective, out-of-balance turbocharger (cabined
with a period of operation after *.he Hwkne harger nounting bolts were
discovered to be loose) is suspected as the initiating source of
vibration. The fuel oil header, to which the failed tubing section

,

connects, is mounted to the twhrw-harger mounting pedestal. This
eWharger, however, was replaced prior to the ultimate failure of
the tubing which resulted in the fire.

7.3 CORRECTIVE ACTIONS

- MP&L designed and installed a tubing support for this sect:Lon c!
|

| fcubing on both- itandby diesels. In addition, following empletion of
L all rework related to the fire, the engine was subjected to a mainte-

nance run to verify that all ungents were functioning properly.
During the maintenance run, the engine was instrunented for vibration

,

analysis. The results of the vibratory analysis revealed that the'

engine exhibited vibration levels which were well within the limits_

which could be expected frm this type of machinery. These actions
were described to the NRC in Reference 12.

7.4 CONCWSIONS

- The root cause of the low pressure fuel line failure was attributed to
unusual vibration loading and the absence of any supports to isolate
the Swagelok wusctor from this lnarHng. The corrective actions
taken alleviates the loads ! - n=ad on these lines. Therefore, further

failures of these lines are not expm.ia:d.

.

.
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'8.0 H.P. FLEL LINE FAILURE

8.1 DESCRIPTICN

Shoreham experienced a failure of a fuel injection line during pre-
operaticnal testing. 'IDI filed a 10CFR21 notification on July 20,
1983 to alert the NRC to a deficiency involving a possible draw scam
on the ID of the high pressure fuel injection lines supplied on 'IDI '

diesel generators. The tubing failures at Shoreham were attributed to
the draw seam which acted as a stress riser and failed when subjected
to repeated operating cycles (about one million cycles) .

,~

At approxiriately the same time of the notification, a high pressure
fuel injection line on the GGNS, Unit 1, Division I diesel generator $
failed. An analysis of the failed tubing attributed the failure to ]
the tubing manufacturing flaw. ]

8.2 ENGINEERING EVALUATION AND wmu;nVE ACTION

All of the GGNS DIG fuel lines were original equipnent, except one on
each division, and had been subjected to more than ten million operat-
ing cycles. Therefore, they were considered free of defects of this 3
type. The two lines that were not original equipent had been re- J
placed during startup testing because of leakage around the fittings.
One of these two replacenent lines subsequently failed, as stated
above, at approximately one million cycles. i

Based on the results of an analysis performed by Middle South Ser-
vices, (Reference 7), the failed tubing exhibited a crack which -

e

initiated frcm a manufacturing flaw on the inside surface of the tube. -

The flaw, which ran the entire length of the failed tubing section, 3
was formed by a defective mandrel during the initial extrusion phase Y
of the forming process. Additional rolling operations lapped over the @
flaw, which was about 6-8 mils deep. The fuel injection line

-

operating pressure, which cycles between atmospheric pressure and 3
about 5000 psi, provided the fatigue loading which produced cracks g
along the stress riser provided by the manufacturing defect. The 3
preexisting flaw acting with the fatigue stresses generated by the ;;
cyclic operating pressures prryhvaa the failure. These evaluations 4
and actions were described to the NRC in Reference 12. m

A
8.3 CONCLUSICES y

The 'IDI 10CFR21 notification indicates that the failures occur at 3approximately one million operating cycles and that fuel lines that :

have in excess of ten million operating cycles without failure are
satisfactory. All of the original lines on the Division I and II d
diesels were, therefore, cc,nsidered free of internal flaws of this M

type because they have in excess of ten million operating cycles and ;
'

have not failed. One line on the Division I diesel, the one that
failed and was replaced, and one line on the Division II diesel were L

not original lines and were considered suspect. Replacement lines [
were ordered and installed in place of these two lines. ,,
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8.3 (Continued)

' Itis problem is, therefore, considered resolved for the G@S, Unit 1,
TDI diesels.

.
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9.0 CRANKCASE CAPSCENS

9.1 DESCRIPTICN

During the performance of a 24 hour run test on March 15, 1982, the
Division II D/G tripped on a " Generator Differential" which was accm-
panied by an cbserved electrical arcing flash inside the generator.
In a subsequent inspection of the generator it was found that the
stator insulation had been dmaged and that a 15/16 inch capscrew head
frm a S/8 UNC X l-3/4 inch long capscrew had itnbedded in the stator
and damaged the generator. It was determined that the capscrew head
was frm a capscrew on the diesel's rear crankcase cover that had
sheared off and entered the generator through the air gap on the end
of the generator. The generator was replaced with a ganerator frun
Unit 2 and all rear crankcase cover capscrews on the Unit 1, Division
I and II diesels, were replaced with new replacenent capscrews.

An independent lab performed an analysis (Reference 9) of the 42 *

capscrews renoved frcm the Unit 1, Division I and II diesel genera-
tor:.. A review of the analysis prr* w d the conclusion that the

.

fa:,1ure node was due to a low-stress fatigue front expanding frcm an
initial snall crack. It was also noted that the failed capscrews had
a decarburized skin which may have contributed to the failure.

On October 4,1982, the rear crankcase cover capscrews were checked
for the ccrrect tightness (60 ft-Ibs) . Three of the capscrews on the
Division II diesel generator were found to be less than 60 ft-lbs (20,
23 and 35 ft-lbs) . Any capscrew not within i 2 ft-lbs of the 60
ft-lbs was to be torqued to within the acceptable range. When the
capscrew that was found at 20 ft-Ibs was tightened, it sheared cff
approximately one inch fr m the bottcm side of the head before reach-
ing 60 ft-lbs.

.

9.2 INSPECTICN AtO TESTING

Tne Division II D/G was instrumented by Nutech in January of 1983 and
data was obtained during an operational test run. The test data
indicated that the highest vibration amplitude occurred during the
startup and shutdown of the diesel, with capscrew stresses at 6000
psi. The vibration anplitude was much less during steady state opera-
tion at 450 RPM, with the capscrew stresses at 3000 psi. However, the
test results were inconclusive as to the root causes of the vibration
source. The present information indicates that the capscrews failed
by a combination of metallurgical and transient vibration factors and
that the failures are unique to the Division II D/G.

9.3 Come;nvT: AcrIONS

The main thrust of the corrective action taken was the design and
installation of protective screens for the generator air gaps. The
failure of the rear crankcase cover capscrew, by itself, would not

-
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9.3 (Continued)

prevent the diesel frcm perforning its safety function. On the
other hand, the entrf of foreign material into the generator could
cause failure, therefore, the screens were installed to protect
against a similar mode of failure. At the same time fatigue resis-
tant, high strength capscrews and tab washers were installed to extend
the life of these capscrews. One of these capscrews was pulled frcm
each division and subjected to destnutve analysis.

While there was no sign of crack initiation there were signs of frett-
ing on the threads of the capscrew renoved frcm the Division II D/G.
'Ibe expected life of these capscrews has not been confirmed. After
the metallurgical report is evaluated, the schedule for removing
another bolt from the Division II D/G for analysis will be determined.

9.4 CONCWSIONS

Although MPsL is continuing to inspect the crankcase cover capscrews
and isolate the source of cyclic loading, the possibility of failure
of one of these capscres:s no longer poses a threat to diesel generator
operability due to the installation of protective screens on the gene-
rator air gaps.

.

*

40

. - _ _ _ _ _ _ _ _ _ - _ _ _ _



-_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

r

10.0 'IDI PRODUCT IMPPOVDENTS

'IDI has a product improvement program which addresses both enanges that
are required to ensure diesel generator operability / reliability and changes
that are developed to extend m y ae_nt life, allow easier maintenance-

operations, or use irproved manufacturing techniques. '1b 'IDI pwf.mu
classifies changes as follows: (1) changes required to correct 10GR21
deficiencies, (2) changes developed to inprove diesel generator performance
or reliability (not as a result of a potential defect) and issued to custo-
mers under 'IDI's Service Inforrratica Memo (SIM) progrmn, and (3) changes
developed by 'IDI that are determined by TDI to be relatively insignificant
to diesel generator operation and therefore do not necessitate i - aM ate
custmer notification.

'Ihe 'IDI program of product improvement has included applicability reviews
for the diesel generators installed at Grand Gulf and the applicable
changes have been identified to MP&L (Reference 2). The 'IDI Nuclear Check
List for SIMS identifies those that are applicable to 'IDI diesels at
nuclear stations. 'Ihe thirty-three Sms identified by tl e list were
reviewed by MP&L to detennine which SIMs could be considered product im-
provenents. Four categories; product inprovement, instructions, inforrra-
tion and guidelines were utilized for the review. Eight of the thirty-
three SIMs reviewed were considered to be product inprove:ents, nine SIMs
as rewmei-ded instructions, ten SIMs as informational and six SIMs as
guidelines. A listing of the eight SIMs considered product improvements
is provided in Table 10-1. Review of the vendor manual for the 'IDI diesels
and other documents indicates that the eight product inprovanent Sms have
been incorporated on the Unit 1, Division I and II diesel generators. .

A continuing review will be performed for 'IDI SIMs as they are received to$

determine their applicability to the GGNS 'IT;I diesels and appropriate
actions taken, as deened necessary.

.
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!

TABLE 10-1

'IDI PRODLUf IMPROVDETr SINS

' SIM NO. Sta7ECf

64 1. Increase link rod torque - 735 to 1050 ft/lbs
2. Increase rod bolt torque - 1 1/2 in bolt 1200 to 1700 ft/lbs

1 7/8 in bolt 1800 to 2600 ft/lbs

3. Product inprovenent designed to increase reliability
4. Deletes SIM 270
5. Use in conjunction with SIM 332
6. Incorporated during "AF" piston skirt modification in

Noventer,1981

307 1. Change in ring end gaps on new piston rings in 4 valve
R & W engines

2. Incorporated

313 1. Information on removing intake manifold supports on 4 valve
W engines to reduce oil leakage at the camshaft covers

2. Incorporated

324 1. Modification of type "AF" piston skirt
2. Incorporated on Unit 1, Unit 2 "AF" piston skirts have not

been modified
3. The modified "AF" piston skirts have been replaced with the

"AE" style piston skirts on the Unit 1, Division I and II
D/Gs

324A 1. Information for reuse of piston crown studs
2. Incorporated

332 1. Newer harder washers on connecting rod bolts W engines
2. Incorporated

360 1. Information on possible problen of air start valve capscrews
being too long

2. Incorporated on Unit 1, Div I and II, tracking devwnt
issued for Unit. 2

Information on potential problem with cormercial grade cable361 '
..

in certcin engines and panels
2. Incorporated on Unit 1, Division I and II engines - Cable ,

replaced with Class IE qualified cable, tracking h_mant
issued for Unit 2
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- 11.0 QUALIFICATION /RELIABIIITY DDuBTRATION TEEffING

11.1 HISIORY
k

All the GGNS Unit 1 diesel generators have been tested and qualified
in accordance with the requirenants of Regulatory Guides 1.9 and 1.108
and IEEE Std. 387-1977. The Division I and Division II engines were
shop tested by TDI, including a 300 pwi.ctype test run on the Division
I engine as required by IEEE 387-1977. On-site testing was done by
Bechtel and MP&L before fuel loading in June,1982. Since then the
engines lave been tested in accordance with the plant surveillance
test ywcGres, as described in the plant technical cpecifications.

Augrnented testhg such as .a 7-day performance run was performed on
both of the TDI engines under a directive of MP&L management
(Reference 10) before the present maintenance and parts replacement
work was started in Decerober,1983. ,

To verify the operability and reliability of the Division I D/G
following the D/G rework after the fire, the 18 month functional test
was repeated for the Division I D/G. This additional 18 month func-
ticnal test included the following:

1. Starting air receiver capacity test

2. Testing of D/G trips and response to ECCS actuation signals

3. 100% load rejection

4. Sinulated loss of offsite power followed by the loss of and
restart of the D/G

5. Sinnlated loss of offsite' power in conjunction with EOCS
actuation signals

6. 24 hour load test

7. IDP/IDCA test

This additional 18 month functional test was ccupleted satisfactorily.

. Lhr following sections outline the recent tests that were performed'

on the Division I and II diesels following empletion of maintenance
work, before each of the two engines war. returned to service.

11.2 RBQUALIFICATION TESTING REQUIREMENTS

Testing requir ments for modifications' to a previously qualified
diesel generator unit are set-forth in IEEE Std. 387-1977. The recent
maintenance and parts replacement work on the two TDI diesels had no
significant inpact en engine specifications and design ' criteria,~

.related subsystans, or engine performance characteristics. Nor, did-

these work activities involve changes in plant load characteristics .

l43
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11.2 (Continued)

for the two TDI engines. No Itodification of the generator or related'

electric or instr mentation circuitry was performed. Therefore, none
of the design considerations listed in Table-1 of IEE:E: Std. 387-1977
were nodified or altered. As such. the various tasks performed during
the current maintenance activities were considered miner design
changes as defined bv IEE:E: 387-1977 criteria. Ayywytiate tecting was
conducted to verify satisfactory operability of the engines.

11.3 REQUALIFICATI0ti/DDONSTPATION TESTING EUIJINING PISION SKIRT
RE3MCEMENT

The requalification tacting is described in the following sect. ion.

11.3.1 To perform 'IDI's rev .=4ed breakin run, following the
installation of the "AE" piston skirts, the engines were
started and run at 300 rpm and no load for about 15 minutes.
During this run the D/Gs were inspected to ensure that the
rocker arms, valves, push rods, fuel injection punps, nozzle
holders, high pressure fuel injection lines and drip retuin
headers were secure, functioning prcperly and that there
were no fuel leaks. 'Ihe engines were then stopped, the''

crankcase side door emrs reaved and various internal
hyonents checked for indication of excessive heat. The
covers were replaced and the engines run at 20% load for
about one hour. After this run the engir.es were inspected
as above. The engines were then run at levels varying
between 25% to 100% load for approximately 8 hours. After
this run hot crankshaft web deflection checks were per-
formed. The engines were then allowed to mol and another
inspection as above was performed.

11.3.2 'Ihe load rejection tests were acocstplished by performing
Test #3 of Surveillance Procedure Nos. 06-OP-lP75-R-0003
and 06-OP-lP75-R-0004 " Standby Diesel Generator (SDG) 11
(12) 18 Mcnth Functicnal Test". 'Ihese tests denonstrated
the capability to reject a full load (7000 kw) without
exceeding speeds or voltages which could cause tripping,
mechanical damage, or harmful overstresses.

11.3.3 In addition to the required testing, 24 hour run teFts Were
performed; 2 hours at 110% load followed by 22 hours at 100%
load. These tests defenstrated the capability of the D/G to
carry the rated load for an extended period.

11.3.4 'Ihe starting, load acceptance and design load tests were
acconplished by performing Surveillance Procedure Nos.
06-OP-lP75-M-0001 and 06-OP-lP75-M-0002, "Stardby Diesel
Generator (SDG) 11 (12) Functional Test". 'Ihese tests
demonstrated the ability of the D/G to start and reach rated
frequency and voltage within 10 seconds ofter the start
signal, the capability to be loaded to at least 100% load '

within 60 seconds and to operate for at least one hour at
full load.
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11.4 TESTING NCrf REQUIRED FOR REQUALIFICATION

The main consideration in developing the requalification test program
described in Section 11.3 above was that any engine u.mpnt or
subsystem that was replaced, modified or reworked would be adequately
tested, followed by aa integrated testing of the total diesel genera-
. tor system. Accordingly, an engine ocuponent or subsystem that was
not affected by the maintenance activities and was previously quali-
fled, was not tested individually or in conjunction with engine test-
ing.

.

11.5 D/G RELIABILITY ENHANCENENT TESTING

MPfiL has developed ocuprehensive maintenan programs and established
operating practices to assure a high level of diesel generator reli-
ability. This program was developed using vendor.rw--diaticms as
well' as good engineering - practice and operating experience. This
program covers the diesel generator as well as its supportive equip-
ment.

Critical diesel generator parameters such as jacket water tenperature,
lube oil taperature, jacket water standpipe level, generator bearing
oil level, tirhev-harger lube oil flow, starting air pressure, heater
operation, and alarm ctucks are performed once per 8 hours; while

.

other various supportive equipment is checked once per day by the
Operations Department. These checks will assure that the diesel
generators are in a satisfactory state, and that potential problems
are identified. .

During the nonthly surveillance test, operating parameters are checked
' to verify that the diesel yamrehr is operating as required. The
- generator operating parameters monitored are ' voltage, anperes, fre-
quency, VARS, DC volts-field, DC Anps-field, ~ RPM and watts. The
engine operating parameters monitored are lube oil tenperature and
pressure, jacket water taperature and pressure, tsrhev-harger lute oil
pressure, lube oil filter differential pressure, fuel oil pressure,
fuel oil filter differential pressure, ocubustion air pressure, crank-
case vacuum, RPM cylinder tenperatures, and exhaust stack tempera-
tures. The nonitoring of these parameters aids in detecting any prot >-
lems which would affect engine geration and reliability.

11.6 ADDITICt&L DEMNSTRATION TESTS

Since the discovery of the' failed crankshafts at Shoreham, additional
testing /nonitoring of the D/Gs at Grand Gulf has been inplenented
(Table 11-1). This includen the ocupletion of a 7-day equivalent test

1 run on both D/G units, 24 hour run tests (22 hours 9100 permnt and 2
hours 9 110 pascent power), additional planned 100 percent power
tests, monitoring of vibration levels by Technology for Energy Corpo-
ration (Reference 8) , increased enphasis on yte = tion planning
sassions for persons involved in planned operar.icnal and maintenance
activities and an inprovenent in the working relationship with TDI
(Reference 10 and 11). . .
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T4BLE 11-1

SIM ERY OF QUALIFICATION AND VALIDATICN TESTING

ADDITIONAL

'IT| STING PRTOR 'IO INSIAIIATION OF "AE" DDONSTRATION

PIS' ION SKIRTS RED SURVEIIIANCES

Qualification Testing X

g g g (2). xi~

ITech Spec Testing X

18 Month Functional Test, Division I D/G X

X7-Day Equivalent Test

X' Vibration Test. Runs

"AE" PISION SKIRT WIIATICN

XPiston Inspection -

XCrankshaft 21spection

XRod Bearing Inspection
/ XCylinder Head Irapection

TESTING FtLINING "MTALIATION OF "AE_"
PIS' ION SKIRrS

Break-In Run X

XIoad hsjection

24-Hour Run - 2 Hr 9 110%, 22 Hr 9 100% X

XAdditional 100% Power Runs
(Div I.101 Hrs, Div II 79 Hrs)

XMonthly Surveillance

(1) - Qualification Testing includes 300 Start Prototype Tests' Performed by 'IDI.

(2) Includes Starting, Ioad Acceptance, Overload, Design Load, Rejection,
Reliability, Electrical and Subsystem Tests.

): (3) Includes Monthly Surveillance and 18 Month Functional Tests.
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12.0 stM9M

Specific actions have been taken to wii.ct prcialems identified during
testing of the Divisica I and II TDI diesel generators and to also evaluate
and resolve problems identified to MP&L as a result of experience with 'IDI
M aaal generators at other nuclear installations. Significant actions that
have been ocupleted, or are planned, are as follows.

'the suspect modified type "AF" piston skirts in the Division Ie
and,II D/G have been replaced with new type "AE" pistens. The
new type "AE* piston skirts were inspected prior to installation

,

to assure they were free of the type of rejectable indications!

found on the type "AF" piston skirts and to establish Av=mted
baseline data for the new skirt. These actions serve to enhance
the reliability of the GGNS Unit 1 TDI diesel generators.

,

.e During removal of cylinder heads on the Division II D/G the<

stellite overlays on the exhaust valve seats on the #5 right bank
! cylinder were discovered to have cracks. There was also inocm-

_ plete fusion en the intake valve seat of the il left bank head.
Inspection of the Division I heads found six with rejectable in-I

dications. The eight heads with rejectable indications were
replaced with heads that had no rejectable indications. To
address a long. term concern, a failure investigation has been
initiated to determine the cause of the crack initiation and the
crack propagation mode.t

As a result of the connecting rod bearing failure identified at ,e
Shoreham, MP&L initiated an inspection of the connacting rod
bearings and connecting rods during the scheduled piston replace-
ment en the Division II D/G.

F

'Ihe inspection results indicate that the integrity of the bearings
is good and not affected by previous service. A final analysis
for chemical and physical properties is planned.

i
,

. Numerous weld failures between the D/G connector push rod ball| e
! and tube have been discovered. MP&L concluded that it was not

likely that a failed push rod would result in engine failm;e.~

However, during a recent inspection one of the push rod balls was
cracked in addition to the weld cracks. At this point a new re-
pi m t design was pursued. The new design has been de+amima
to be acceptable by MP&L and replacements have been installed in
the Division I and II diesels.

Due to the crankshaft failure at Shoreham an engineering cvalua-e
|-

tien of differences in design between the Shoreham and GGNS TDI
i diesel crankshafts was performed. This evaluation shows that the

poter.tial for the type of failure eagerienced at Shoreham does
not exist at GGNS. During the piston skirt replacement the
Division I and II crankshafts were inspected. These inspecticms
did not indicate defects of the type found at Shoreham.

.-

*
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12.0 (Continued)

e A fire in the Division I D/G rocm on Septertber 4,1983 was
determined to be caused by the break of a low pressure fuel oil
line. Analysis indicated that the line break was caused by a
carbination of unusual vibration loads inposed by a turbocharger
that had been replaced several weeks PCore the fire, and the
absence of any supports to isolate the Swgelok connector fran
vibration loads. Tubing supports were designed by MP&L and
installed on the Division I and II diesel-generators,

A 10CFR21 notification to the NBC by TDI dated July 20, 1983e
identified a possible dras seam on the ID of high pressure fuel
oil lines supplied on the Division I and II D/Gs. A high

pressure fuel oil line en the Division I D/G also similarily
failed. An analysis of the failed tubing attributed the tailure
to a manufacturing flaw (draw seam) in the tubing. The 'IDI
letter of July 20, 1983 indicated that the failure occurred at
approximately one million operating cycles and that fuel lines
that have in excess of ten million operating cycles without
failure are acceptable. Using this rationale, all of the
original lines on the Division I and II D/Gs were considered to
be free of flews of this type, however, the replacement for the
failed line and one line en the Division II diesel were not
original lines and were considered suspect. Replacement lines
were ordered and installed in place of the two susoect lines.

'Ihe generator on the Division II D/G was damaged and replaced ine
mid-year of 1982 when a head fran a capscrew on the rear crank-
case cover sheared off and entered the generator via the genera-
tor air gap. Protective screens have been installed on the
Division I and II generator air gaps to prevent recurrence of
damage to the generator fran an incident of this type. Subse-

-

! quent testing indicated that the problem of the capscrew shearing
I was unique to the Division II D/G and that the failure was due to

low stress high cycle fatigne, however, test results were incon-
J clusive as to the root causes of the vibration sources. High

q strength capscrews and tc.b washers were installed- to extend the
life of the capscrews. Periodically a capscrew will be remned
frcm the crankcase covers and subjected to destructive analysis
in an attarpt to obtain further information for identifying the
root cause.

Following piston skirt replacement, qualification / reliabilitye
testing in accordance with IEEE Std. 387-1977 was performed on

I f
the Division I and II diesel generators. Testing of the D/Gs

17 prior to this maintenance included the satisfactory ecrrpletion of
$

a 7-day equivalent test run on both D/Gs. Post Iraintenance

J
testing included breakin runs, twenty-four hour runs, load ,

rejection tests and surveillance tests. Additional post
'

y maintenance demonstration testing has resulted in approximately
[- 125 hours at 100% load on the Division I diesel generator and 103

hours at 100% load on the Division II diesel generator.
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13.0 CCNCWSION

In conclusion, the specific wn=ctive actions, engineering evaluations ard
testing that have been ocmpleted, enhance the reliability of the D/Gs and
provide assurance, with a reasonable level of confidence, that the GGNS TDI
engines will adequately perfonn their required safety function.

?

.

*

O

;
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1 1.0 INTBCDUCTICE

A meeting of the Traasamerica Delaval, Inc. (TDI) diesel generator (D/G)
owners group with the NRC Staff was held on January 26, 1984. During the
meeting the owne s group presented a slide rumarizing significant
potential problems with 'IDI diesels. 'Ihese potential problem areas are
detailed below:

o Crankshaft

e Connectirs Rod Bearings

e Pistons

e Cylinder Heads

e cylinder Liners

e cylinder Block

e Engine Base

e Head Studs

e Push Rods

e Rocker Am Capscrews

e Connecting Rods

e Electrical Cable

e Fuel Injection Lines

e Turbocharger

e Jacket Water Ptmps

e Air Start Valve Capscrews

Further details of these concerns, their applicability to Grand Gulf, and
their resolution are described in the following sections.

.,

4

e
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2.0 CRANKSHAET

A stamary of the concern and its resolution on Grand Gulf is provided in
Section 6.0 of the Final Report.

3.0 CONNBCTING RCD BEARINGS

A sumary of the concern and its resolution on Grand Gulf is provided in
Section 4.0 of the Final Report. ,

4.0 PIS'10NS

A sunmary of the concern and its resolution on Grand Gulf is provided in
Section 2.0 of the Final Report.

,

; 5.0 CYLINDER HEADS

A sturnary of the concern and its resolution on Grand Gulf is provided in
Section 3.0 of the Final Report.

9

6.0 CYLINDER LINERS

6.1 DESCRIPTICN

A concern has been raised regarding cylinder liner damage in 'IDI D/Gs.
| One incident was listed for G@S, AECM-82/157, dated April 15, 1982,,

| which transmitted the final report on PRD-81/45 dealing with the
: separation of piston crown from the piston skirt during testing of the
|

Division II D/G. An additional deficiency noted in this report was
|

damage tc a cylinder liner on the Division I D/G. 'Ihe damaged
cylinder liner was discovered during disassenbly of the Division I D/G'

for corrective action for the piston skirt / crown separation.

'Ihe' damaged Division I cylinder liner was found tc be grooved in three
| 'Ihese grooves were approximately 10 inches long and 1/16 inchpla s.

,

deep. As indicated in the PRD final report, the grooving was probably
caused by debris that entered the cylinder during assenbly or initial,

'

startup.

6.2 DIGINEERING EVAUATION AND CORRECTIVE ACTION

'Ibe grooved cylinder liner was replaced with a new liner. 'Ihe
Division I lube oil was flushed and replaced and the lube oil sunp was
cleaned.

.

At a meeting between MP&L, LIIDO and 'IDI on February 2,1984, 'IDI ,

|
indicated that the only case of a cylinder liner failure occurring

. without some other initiating event causing it, occurred on the ship'

.
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| 6.2 (Continued)
,

Colunbia. This danage was attributed to the high vanadium content of
the light-heavy fuel oil and the high ash cxtent of the lube oil

: (heavy oil) . Despite the cracking of the liner which resulted frcm
the use of these oils, the engine continued to perform its function.l

The GGNS 'IDI diesels use light fuel oil with a lower vanadiun content '

and utilize light lube oil.

During the recent piston skirt changeout on the GGNS Unit 1 7DI
engines, the cylfnder liners were subjected to a close visual inspec-
tion before and after honing the liners to receive the new rings. No
obvious damage was discuvarad during these inspections.

6.3 CONCWSIONS

Based on lube oil cleanup effor s, recurrences of the subject problemc
is considered to be resolved. To date, no kncwn cylinder liner fail-
ure has been the root cause of a TDI engine failure.,

;

Neithe- liner material, nenufacturing process 'nor design are con-
sidered to be the root cause of the damage on the Divisicm I GGNS

|
gh.

gdons of the Division-I and II D/G cylinder liners during theIms-
recent piston skirt changeant in Mr, 1983 did not reveal any
ir.dication of liner damage.

Based on the above conclusions and root cause, cylinder liner failure
is not expected to occur at Gals.

,

;.. 7.0 CYLINDER HIDCX
-

7.1 DESCRIPTION

The non-nuclear industry has terrad cracks occurring in the area
around the cylinder liner landing. Cracks may also propagate frczn the

' head stud / stud bore to the jacket cooling water passage. MP&L has,

also been recently advised of-the discovery of cracks in the area of
engine head studs en a cylinder block used in a nuclear application.

| 7.2 INGINCERING EVAURTION !

If this cracking were to occur and ywpegate into the jacket water
passage it would be possib'a for an extremely low flow of jacket
oooling water to come into contact with the head studs and cylinder

; head. This flow would be prevented frca entering the cylinder by two;

spiral wound head gaskets. It is unlikely that jacket cooling water
would enter the firing chanber (cylinder) and only a very slow loss of
jacket cooling water to the outside of the engine would be evident.

To prevent this cracking, TDI has indicated that proper torque nust be
placed on the cylinder head scuds.
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7.3 CORREXH'IVE ErIm AND COCLUSIm

MP&L considers that, no corrective action is required for these condi-
tiens, since the postulated condition would not interfere with the
operation of the engine and because the proper torque of 3600 foot-
pounds, as rh.wm.aabl by 'IDI, has been applied to the head studs of
thE GGNS Unit 1 'IDI D/Gs. Even if cracks were to occur they would be
expected to propagate very slowly because of the large mass of metal
in the cylinder block. However, MP&L will continue to closely follow
the investigation findings of the 'IDI D/G owners group.

i

.

I

c ,

I

|

|
t

!

|

!

|

.
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8.0 ENGINE BASE

8.1 DESCRIFFI N

Linear indications have been found on the bearing base journal cf
several marine diesel engines. %ese indications were apparently
c=W by inpw torquing of the bearing holddown studs during

-

asserrbly of the engine.

8.2 CORRBCTIVE ACTIm

'IDI issued SIM #236 to correct this problem. %is fix resulted in an
increased preload being placed on the holddown studs.

8.3 CONCWSIONS

Grand Gulf's 'IDI D/Gs were assenbled after SIM #286 was issued. GGNS'

installation of main bearing bolt nuts, as witnessed by GGNS Plant
Quality, indicate that correct preload values were verified during
recent engine disasserrbly at the site on all main bearing studs. 'Ihis
problem, therefore, is not expected to occur at Grand Gulf since no
defects have been reported to have occurred in engines using the
proper torque.

,

9.0 HEAD S' IUDS

mis concern-is related to the cylinder block concern described in Section
7.0 of this Attachment. Refer to this section.for further details.

10.0 PUSH BOD 3

A emvaary of the concern and its resolution on Grand Gulf is provided in
Section 5.0 of the Final Report.

11.0 POCKER AIM CAPSNfS

11.1 DESCRIPTION

Shoreham has experienced problems recently with fatigue failure of
a rocker arm ca screw.

11.2 INGINEERING EVAUATION AND CORRECTIVE ACTION

ne failure at Shoreham was apparently caused by ur&rb;r@ed poor
quality capscrews. New capscrews made of ASIM A-193 material were
installed and torqued to specified torque values to correct the
problem at Shoreham. .

..
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11.3 COtCLUSIONS

GGNS rocker arm capsc y s have not experienced this type of failure
after greater than 10 cycles of operation. Since these capscrews are
original caponents of the diesels, and have been properly torqued to
365 ft-lbs, no failures of this type are expected to occur at GGNS.

12.0 CDNNE TING RODS

12.1 DESCRIPTION

|
'IDI has informed MP&L of several incidences of connecting rod failure.
At a meeting between MP&L, T. Tim and 'IDI, on February 2, 1984, 'IDI
defined the historical problem with wuz-cting rods. Cracking of the
connecting rod link assernbly in a master rod-longitudinal plane
through the bottcm of upper bolt holes (See Figura A12-1) has occurred
on several non-nuclear applied diesel engines built by 'IDI.

12.2 INGINEERIN3 EVALtRTION AND CO!cwnVE ACTICN

| 'IDI Vee-type. engines of a ccxtrarable size to GGNS Division I and II
utilize either 1 1/2 or 1 7/8 inch connecting rod bolts. The original'

design of the GGNS engines ('IDI's earlier design) uses the larger of
the two bolt sizes. 'IDI ori_ginally specified that these bolts should
be torqued to 1800 foot-pounds.

TDI initiated an evaluation of the problem based on the operating
history of t% engines with failed or cracked connecting rods. For

exanple, several instances of wat-cting rod cracking were reported to-

have occurred _n a marine diesel on the ship Colutbia. The average
hours of operation between occurrence was ewwcimately 10,000 hours.
Evidence of fretting in the " rack-teeth" almost always armmanied
connecting rod failure or cracking.

The first design change to remedy the situation uns a decrease in the
connecting rod bolt dianeter to 1 1/2 inches. Decreasing the connect-

| ing rod bolt diameter effectively increased the amount of base metal
where cracking was occurring. Since the cause of the cracting was
thought to be relative motion between the rod parts and flexure of
connecting rod parts, an increase in the base metal edjacent to the
crack initiation site should increase stiffness and hence decrease
incidence of' cracking or failure.

A decrease in cracking frequency was noted. However, connecting rods.

using both 1 1/2 and 17/8 inch bolts were still w ened exhibitingr
cracking. It was then thought that fretting of the " rack-teeth" was
due to lack of clamping force between the wiz-cting rod link and the
master rod and box assembly. 'IDI issued Service Information Merto
(SIM) 64 to rectify the suspected clanping force problem. SIM 64
effectively increases the required torque on 1 1/2 and 1 7/8 inch
conneth.ing rod bolts frcm 1200 to 1700 foot-pounds and frca 1800 to
2600 foot-pounds, respectively. This design change greatly r*M
the reported caces of connecting rod cracking.
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12.2 (Continued)

'1he GGNS Division I and II engines were originally assembled at the
vendor's shop using the pre-SIM 64 torque values. Therefore, the GGNS
engines have been run part of the present total sum times with the
m un,.iting rods torqued to pre-SIM 64 torque values and the balance at
post SIM 64 torque values. '1he table below indicates the amu te
run times on the Division 1 and II engines before and after SIM 64 was
inplemented:

Division I Division II

At Assenbly 0 0

Before SIM 64 332 44

After SIM 64 939 768

Present Run Times 1271 812

At a recent 'IDI D/G owners group omponent selection ca nittee
meeting, the owners group diesel generator specialists agreed that
the type of cracks reported by 'IDI would propagate very slowly. 'Ihe
cracking of muscting rod parts on non-nuclear diesel engines were
reported to have occurred at relatively large run times (greater than
10,000 hours).

.

1

| 12.3 C.ONCLUSICES
\
| To date, all engines using the 17/8 inch connecting rod bolts exhi-

biting failures or cracking have been suspected of being under-
torqued. Further, no known failures have occurred on connecting rods
using 1 7/8 inch bolts that were y w ly torqued. All torques used
on the subject bolts at GGNS have been verified to be in accordance

i with SIM 64.

Based on low probable propagation rate of incipient cracks, relatively
. low run hours on Division I and II at pre-SIM 64 torques, and the
|

wted low future run times, (estiinted 200 hours / year) deleteriousl

cracking of the GGNS cuusting rods is not expected.
;

|

!

|

|
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FIGURE A12-1: Articulated Connecting Rod Assembly
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13.0 ELECTRICAL CABLE

13.1 DESCRIPTICN

Meno (SIM) No. 361 concerning certain Class 1E cable which failed the
IEEE 383-1974 insulation flame test was issued by TDI. The content of
this SIM is detailed in Table 10-1. This SIM identified the affected
cable as being the shieldwi cable fr m the terminal block to the Air-
pax tachometer relay in the engine control panel, the shielded cable
fr m the Airpax magnetic pickups to the junction bcses on the side of
the engine and the nulticenductor cable frm the engine side mounted
junction box to the Woodward governor actuator.

Another notification fr a Delaval received by MP&L on October 20, 1983
(API-83/0974), idicated that the manufacturer'r temperature rating for
the cable insulation nay be exceeded during operation of the diesel
generator. Delaval rem aded that these cables be replaced with 90*
rated cable.

13.2 ENGINEERING EVAURTION AND CORRECTIVE ACTION

It was determined by Nuclear Plant Engineering that this potential
deficiency could create a substantial safety hazard. A Design Change
Package (DCP-82/3196) was inplemented for Unit 1 in which the in-
stalled ca mercial grade shielded cable on the Division I and II D/Gs
was replaced with Class IE IEEE 383-1974 qualified cable.

Further investigations into the proble subsequently revealed that
Bechtel Design Specification M-018.0, Section 6.8.2.6, calls for em-
pliance with Design Specification Appendix N which requires coupliance
with IPCEA Publication No. S-19-81, Section 6.

,

In responding to API-83/0974 it was determined that the affected cable
had previously been replaced on the Unit 1, Division I and II D/Gs.

,

'
'

Therefore, no further action was initiated for Unit 1. Bechtel has
issued NCR 6762 to track this concern for the Unit 2 D/Gs.

|

13.3 CONCLUSIONS

This issue is considered closed for the Unit 1 D/Gs. The replacement
electrical cable meets the awmiate requirements cf IEEE 383-1974, ,

and TDI's rewmaded temperature rating.

14.0 FTJEL INJECITON LINES'

A senary of the concern and its resolution on Grand Gulf is provided in
Section 8.0.of the Final Report.

.
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15.0 'IURBOGARGER

15.1 DESCRIPTION

Turbocharger vibration has been identified as the cause of several
problems with D/G engine mounted migets.

Turbocharger abnvu lities resulted in broken mounting bolts. When

the turbocharger is not anchored wucctly, the intercooler and the -
jacket water pir'' are forced to partially support the Hs%harger
and thereby abson a larger amount of fatigue stress. This stress

e +w harger mount. Since neither,

i would normally be absvibed by the r
of these two auxiliaries was designed to support the turbocharger,
they both developed cracks and broken welds.

Table 15-1 presents a stamary of past problems, causes, and corrective
~ acticn taken. Further details are provided below:,

L
: 15.1.1 CRACKED WEIDS AND BASE MEIAL ON INTERCOOLERS

Cracks developed in the base metal on the top of the inter-
cooler along an extruded seam. 'Ihis seam has since been
redesigned by Delaval and a piece of flat bar stock welded

1
over the top of the extruded vee shape to stiffen it. 'Ibe
stay rods extend frm one side of the intercooler to the
other through a heavier block of steel on the outside. 'Ihe
rod is then welded to this heavier block, this is the weld

i. which broke on the right bank intercooler. Several other
stay rods were observed to have deficient welds and were

; also cut out and rewelded.

15.1.2 CRACKED WEIDS ON JACKET NATER PIPING
i

'there were several cracked welds which developed on flanges
. and fittings where the jacket water system ties into the|

n'rhv hargers. Since more than one repair was necessary the
header was refabricated- using standard pipe, fittings, and
ASME Section III Welding & NDE Criteria in order to work;

| with codes with which MP&L maintenance and engineering
personnel were acquainted.

j
|

15.1.3 ' IDW PRESSURE FUEL OIL HEADER FAILURE

c pternber 4,1983, the main fuel oil line feeding theOn e
Division I engine headers failed due to fatigue. The oil*

sprayed onto the turbocharger exhaust gas header transfor-^

mation piece and ignited. All affected wipents were
repaired or replacM. 'Ihe failed tube and Swagelok fitting
were subjected to a metallurgical evaluation, and the.cause
of the failure was identified as high cycle fatigue em-
pounded by the absence of tubing wit.s. Further dis-
cussion is provided in Section 7.0 of '.his final report.

,.
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15.1.4 TURBOCHARGER NJUNTING BOLT FAILURE:S

There have been several instances of M-xharger mounting
bolt failures on the GGNS Division I D/G left bank turbo-
charger.

15.1.5 INDUSTRY EXPERIDICE

Turbocharger problems at other nuclear plants have also
been experienced. Recently, Shoreham has experienced a
failure of wirbrv-harger thrust bearing in two of their
engines.

<

15.2 ENGINEERING EVAURTION AND wrmEmVE ACTION

'Ihe Division I D/G left bank turbocharger has exhibited signs of4

nusual vibration and misaligment in the past. I+ + r M N harger
alignment. and running of the engine with broken / missing turbocharger
mounting bolts, has p@'arl conditions conducive to fatigue crack
initiaticn and supegation in adjacent supports and ugents.

During the rework of the Division I engine after the fire, the
turbochargers were removed and re-seated twice before proper fitup was
attained. The result was an engine that had no noticeable areas of
high vibraticns, as attested-to by Technology for Energy Corporation
when they instrmented the Division I and Division II engines after
the fire rework was empleted.

'Ihrust bearing failures similar to those at Shoreham have not been
identified at G33S and are not expected because of the differences in
design of the lubrication systems. The failures of the dirh,r-harger
thrust bearings at Shoreham have been attributed to probable lack of
lubrication during manual engine starting.

Shoreham's 'IDI D/Gs lube oil systems utilize two pmps, one an encjine
driven punp and the other an electric driven heater punp (See Figure
15-1). The GGNS D/Gs lube oil systan utilizes thrce punps, one an
engine driven pump, one an electric driven heater punp and the other
an electric driven auxiliary pmp (See Figure 15-2) .

Presently, en a nonual start Shoreham does not have the means of
supplying oil to the 6k--harger thrust bearing other than through aThe Mirhev-harger lube oil dripturbocharger lube oil drip system.
syste,a is also used.at GGIS and is essentially the same as Shorehams.
However, prior to a manual start of the D/Gs at G34S the engine is
prelubed for two minutes or less with the auxiliary lube oil punpThiswhich pressurizes the dirhrv-harger thrust bearing with lube oil.

|- precludes the type of failures 4 d.ed at Shoreham.!
,

'Ibere have been several occasions when the Division I D/G left bank
turbocharger m3unting bolts have failed. 'Ihe main reason for these
failures has been misalignment of the turbocharger with its ascociated
piping and hycrents. The recent failures can also be attributed to

;

An engineering evaluation of the turbocharger mountingmisalignment.
arrangement is being performed and procedures designed to preclude
misalignnent have been inplged.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . _ _ _ . . . _ _ _ _ _ . _ . _ _ _ . _ _ _ . _ . . _
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15.3 CONCLUSIONS

- b'the susceptible areas in the piping and wigrsts around the tur o-
chargers have been identified by past failures. The integrity of
these areas has been enhanced by the use of approved ASME code
welding, s ucedures, and materials during rework. Since these
enhancements, the weld and wiprst failures have not r _wred.i

With inplementation of the alignment pwcedures, future failures of
the nounting bolts are not expected. Upon completion of the engineer-
ing evaluation of the turbocharger mounting arrangenent any required

,

'

design changes will be inplemented and reported to the 'IDI D/G owners
group for generic consideration.

!
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TABIE 15-1

ENGINE M00tff!D CCEPONENTS PROBLENS

CAUSFD BY 'IURB0 CHARGER VIBRATION

ITIM DEduurriON OF Pf0BI2M CAUSE (DRRECTIVE 7CfION

1 Cracked welds and base netal Fatigue conpounded by high Repaired welds and base metal

cracks on intercoolers. vibration frm turbocharger. cracks. Reseated turbocharger

to eliminate undue stresses,

;' caused by misalignment.

-2 Cracked welds on jacket water Fatigue ompounded by high Repaired welds. Refabricated
flanges and piping headers. vibration fr m turbocharger. header to ASME III Class 3

reseated turbocharger.

3 Tat pressure fuel oil header Fatigue cmpounded by high Replaced' fuel line and fittings
failure resulting in Div I vibration fr m turbocharger. reseated tarbocharger.

fire.

~
e

e

e
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FIGURE 15-1: Illustration of Shoreham TDI Diesel
Generator Lube 011 System
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FIGURE 15-2- Fllustration of GGNS TDI Diesel
Generator Lube 011 System
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16.0 JACIETI MTER PWPS'

16.1 DESCRIPTION

Shoreham has experienced a jacket water pmp shaft failure.<

16.2 ENGINEERING EVAURTION

This problem apparently affects only the in-line engines. No jacket
water punp shaft failures have been reported on Vee-type engines to

| date.
|
! 16.3 CONCWSIONS

As of.this time, MP&L has been unable to obtain evidence of
generic jacket water penp shaft failures on DSRV-16-4 engines.

Since this problem appears to be unique to in-line engines, it'has <

i

not and b not expected to occur en the GGNS diesel engines.

17.0 AIR START VALVE CAPSCREWS
t

17.1 DESCRIPTION

On May 13,1982, 'IDI re n. Led a potential defect concerning the cap-rscrews that are used to retain the air start valves in the cylinders,

'

I heads to the NRC under the provisions of 10CFR21. '1he 3/4-10x3 inch
long capscrews were suspected of Lut.Lu dng out in the tapped holes in

. the cylinder heads. This could result in insufficient or unequal
|
I clanping forces being applied to the air rtart valve.
|

'

17.2 INGINFERING EVAURTION AND CORRBCTIVE ACTIONS
'

'IDI r+_w-. --.ds replacement with 2 3/4 inch long %=es or. machin---

ing 1/4 inch off the existing 3 inch % a . A design change was
issued by MP&L to inplement corrective actions. 'Ihe air start valve
capscrews on the Unit 1, Division I and II D/Gs were ;nodified by
machining 1/4 inch off the length.

17.3 CONCWSIONS

Corrective action is considered emplete in regards to the air start
valve capscrew problem on the Unit 1 D/Gs.

|'
i

|

I-

'

!
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ATDOMENT 2

PISION MANLTACIURING DETAILS

1.0 GENERAL

As 4.,vited by 1DI (Reference 2), all 450 RPM rated "Enimisise" R-4 series
engines have been furnished with two-piece pistes which incorporate a cast
steel pistcm crown attached to a cast nr*1ar iron piston skirt by means of
-four studs. This piston design has evolved since its inception in 1969 to
ira.vigete design inprovements for high reliabi3ity and less costly annu-
facture. As horsepower ratings of engines increased in the mid-1960's,
Tra.nsanerica Delaval and other nodian speed diesel engine manufacturers
abandoned the older style single piece pistou design. The two piece piston
is int-.=aly better W W to deal with the higher thamm1 inputs ofH

high Brake Mean Effective Pressure UDEP) engines, haw-anna it allows j

thermal growth of the crown without causing excessive bending stresses in !

the skirt. The two piece pisten design is also better edW to handle
'

the higher pressure and inertia loadings of the increased in.u. pewer
engines. The modular irm skirt has tassed through several &aign changes.
Five different designs have been used and are identified by TDI terminol-
ogy as "AF", modified "AF", "AN Old Style", "AN New Style", and "AE".

2.0 G23S BACEGR00tO

only the "AF", modified "AF" and "AE" piston skirts have been used at GGNS.
She "AF" pisten skirts were originally supplied by TDI en the Dirision I
and II GQ4S engines. When problems were encourw.r.d with material quality
of the washers (pistan crown / skirt bolt) and GQtS experienced a piston
crown / skirt separation, MP&L re pcEnkd by h 3ing hardware in accordance
with SIM 324 to the nodified "AF" piston skirt design. The cracking dis-
covered later en Shoreham nodified "AF" piston skirts and rejectable indi-

i

|
cations found at inspection swyied MP&L to change out all piston skirts
at GGIS to the latest "AE" design piston Fkirts.

f 3.0 PISIN TYPES

3.1 "AF" AND EDIFIED "AF" PIS2m SKIRPS

"AF" pisten skirts use sphavir-al washers cm the four studs which
attach the crown to the skirt. These spherical washers provide
fastener flexibility. These comnercially supplied wachers proved to
have inconsistent quality and large variations in heat treatment and
manufacturing tolerances. As a result, a anall ramber of the washers
fallad in service, resulting in piston, skirt / crown separation. cia
such separation occurred cm the Division II D/G during field testing.
Tio solve the spherical washer problem, the design was nodified to
ir g ets a " full stack" Belleville washer axx.u.p a resulting in-

a modified "AF" piston skirt.

| .. \

!
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3.1 (Ctmtinued)

The "AF" s.yle piston skirt casting received the following heat
treatment:

I

Heat to 1750 degrees F. 'near the qper critical t-.so-e
ture) for 3 hours. Nornialize (air cooled) in still air.
This results in a pearlitic structure with 100,000 psi
censile .L - 4th,

Re-heat to 1050 degrees (slightly celow the lower criticale
t-isoi.w ) for 3 hours and cool in still air. This
tmpering process predtees the desired ductility in the i

nt*ilar iron.
l

3.2 "AE" Pistens :

%e "AE" piston, the latest R-4 pirton skirt design, just concluding ;

research developnent testing, irw .tes the field experience on the |
R-4 series engine and the R-5 series engine.

The "AE" design utilizes a " half stack" Belleville wsher uarw- t.
All "AE" skirts are heat treated to produce stress relieved 100,000
ps3 tensile .L (Ji ne*ilar iron. All pisten skirts in the TDI units ,

at G a s Unit I have been replaced with this design. The "AE" style )

skirt is interchangeable with existing R-4 piston crowns and requires
,

only minor hardware changes.'

;

|

1
i
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FIGURE A2-1: PISTON COMPARISONS
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Attachment 3
AECM-84/0103i

REPEAT SUBMITTAL OF SELECTED MP&L RESPONSES

Based on discussions between MP&L and the NRC Staff in the meeting of
January 27, 1984, and more recently in several telephone conversations,
MP&L is providing in this attachment copies of selected responses to NRC
questions. This information is being provided here as a matter of
convenience, such that the majority of information necessary to support
the NRC review is provided in one submittal. These responses were
originally provided in MP&L letter AECM-83/0724, dated November 15,
1983, with the exception of the response to Question 430.17, which was
provided in AECM-84/0030, dated January 18, 1984.

Previous MP&L responses containing subject matter not adequately covered
by Attachment 3 to this submittal are included in this attachment. Any
previous responses containing information no longer current were
specifically excluded.

BIl

_
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430.1 " Provide a copy of the procurement specifications to t ich the
standby ditsel generators (DG) were ordered."

RESPONSE
- '

,

Copies of the original bid specification (Specification-

9645-M-018.0, Rev.1) and the original purchase specification
(Specification 9645-M-018.0, Rev. 2) were provided as
Attachments 2 and 3, respectively, to the MP&L letter,
AECM-83/0724, dated November 15, 1983.

.

4
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430.2 "Fravide the performance specification and inspections performed
'1

spon receiving the DCs'to show that the procurement specifications
were met."

RESPONSE

Se performance specification is the same as the procurement
' i

specification; the original procurement specification is provided as
Attachment 2 to the response to Question 430.1. In the QA program,
itens upon receipt are examined for identification, quantity,
damage, packaging, the presence of the appropriate documentation and
surveillance inspection release by the Rechtel Supplier Quality

With respect to the receipt of the diesel generators, theRepresentative.
receiving inspection plan was as follows:

Performed preliminary visual inspection prior to unloading.1.
Inspected for environmental damage, tie down failure, or rough
handling.

2.- Check 1td component physical markings for conformance to
Specification 9645-N-018.0. i.e. fitted with permanent

nameplates bearing its rating.

3. Verified packaging and shipping met ANSI M45.2.2. Level C
requirements.

Visually inspected diesel generator for completeness and4.'

physical damage:

Checked external and internal accessible areas fora.
detrimental gouges, dents, scratches and burns.

!

b. Checked for cracks in engine.

Checked for crimps in tubing.c.

Ecviewed documentation per Appendix 5 to Specification5.
9645-N-018.0 (C321C).

Checked for supplier's signature in block 21 and Bechtel
Supplier Quality Representative's signature in block 22 of

a.

the G321C. as evidence that the diesel generator was
fabricated, tested, and inspected in accordance with the
r quirements of the specification, applicable codes,
drawings, and purchase order.

Checked to ensure that the documentation referenced by theb. vendor on C3210. Category No. I was received and legible.

Through the Bechtel Supplier Quality Representative, who performed
surveillance during the manufacturing of the diesel generator. TDI'sThe
compliance to the procurement documents was also verified.
representative's activities, which primarily consisted of witness
and hold peints, were performed as follows:

i
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Re:ponsa to Qu:stion 430.2 (Continued)

' Witness Points

1. Non-Destructive Examsnation (EDE) was witnessed a a first operation
basis for each required exeuination. Magnetic particle examination
was performed on the crankahaft.;

2. F)t up and welding were witnessed on a first operation basis for.
-

each approved procedure on the fuel oil system.

3. Visual inspection for internal cleanliness was performed on the tube
bundles for the lube oil and jacket water heat exchangers and on the
air starting tanks.

#

4. At 30% completion, a review of the diesel generator assembly 3as
performed.

5. A visual inspection, after operational testing, was performed for
evidence of bearing vjpe;;e. This witness point was conducted in
conjunction with the final inspection hold point.

6. Surface preparation prior to coating and final coating was witnessed
on the diesel generators and various attachments to the diesel
generators.

Bold Points .

1. Fressure tests were witnessed on the engine blocks.

3002. Operational and Functional tests were witnessed as follows:
start tests (at various starts); Sequential Load test; Load
Rejection test; Margin test; Functional tests; Endurance tests; Load
Capacity test; Accourtical test; Operational test (Field Currents);
Starting Bott.le Capacity test; Starting Air Compressor Capacity
test; Torstograph test.

Bydrostatic tests were witnessed on various components, i.e. beat
3.

exchangers. air starting tanks. engine blocks.

4. Final inspection on the completed diesel generators was performed
with the following characteristics verified: visual inspection of
materials; field connection type; size and orientation; coupling
alignment; grounding connection; accessibility; cleanliness;
coating; marking; tagging; and preparation for shipment.

5. Documentation was reviewed for completeness and accuracy.

i

l

i
,
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430.3 " Identify the materials used in the design of the DCs at your
plant (specifically limiting components such as erankshafts.
camshafts, rocker arms, bearing materials cylinder blocks.
eylinder heads, pumps, turbochargers etc.). Discuss how you
assured yourself that design materials used in the manufacture of
your DCs were as stated and in accordance with materials described

-

ib the TDI proposal and your purchase specifications."

RESPONSE

The diesel generator purchase specification did not specif hally
identify materials of construction for the diesel generator. For
certain items specific material requirements were identified by the
various codes and standards referenced by the purchase'

specification. Diesel generator materials were specified by the
manufacturer based on manufacturing experience and on the codes and
standards referenced by the purchase specification. Assurance was
provided by verifying the implementation of the Transamerica
DeLaval. Inc. (TD1) Quality Ascirence Program through audits. Prior
to the start of and throughout the diesel generator fabrication
cycle. Rechtel performed audits of the TDI Quality Assurance
Program. Each of the audits performed during the fabrication cycle-

verified (through easpling) that TDI's system for the identification
and control of material, parts. and components was being'

implemented.

Another source of assurance was provid.d by surveillance inspection.
sechtel reviewed (at the TD1 facility) the material certification
for ASME pressure retaining parts of the diesel generator system and
certificates of complience for all other materials of the dieseli

generator system in accordance with the procurement specification.
These documents were found to be in compliance with the procurement
specification.

The materials used in the design of the diesel engine components
identified above (not including auxiliary components) are identified
in Table 1. .

! '

|

>

1 '

1

,

.
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Re:ponsa to question 430.3

TA3LE 1
Diesel Generator Design h terials

MATERIAL

ITEM DESCRIPTION SPECIFICATION (1) (2) (3) (O (5)
-

1

A Crankshaft Steel Forging ASTM I X X X X

A668E

B h in & Con Rod Aluminus Pero b id X I X X X

3 earings Casting Alloy B 850-T5

C Cylinder Block Grey Iron Casting ASTM X X X X X

A 48 Class 40
- - - - -

D-1 Casshaft C.F. Ground Shafting
AISI C-1045 steel

X
D-2 Cass Steel Forging AISI X X X -

3620

E Cylinder Head Steel Casting ASTM X X X X X

A216 Gr. WCB P

F Rocker Arms Ductile Iron Casting X X X X X

ASTM A536 Cr. 65-45-12

(1) Beat / Series Number Material Specification

(2) Physical Requirements

(3) Chemical Requirements

(4) Test Coupon

(5) Certification

~

-

,
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430.5 "If applicable. provide respcases to all Ngc open itees on standby4

DGs at your plant."

RESPONSE

In Supplement 4 to the Grand Gulf Nuclear station Safety Evaluation -

Report (SSER4), dated May 1983, the NRC concluded that License
Condition 2.C.(33) of Operating License NPF-13 should be revised to
reflect two open items. As stated in SFER4 the revisions to
aperating License NPF-13 abould read as follows:

"(1) Paraguph (a)(2) should read: 2.C.(33)(a)(2) Provide
confinsation acceptable to the NRC that EPCS diesel engine
skid-mounted and standby diesel engine auxiliary systems'

piping has taen satisfactorily tested at a minimum'

hydraulic pressure equal to 125% of design pressure.
,

(2) Add (3) to paragraph (a) to resd: 2.C. (33)(a) (3) Upgrade
the combustion air intake and exhaust system for the
standby diesel engines to meet the augmented Quality
Group D requirements." |

The responses to items (1) and (2) above are provided in Attachments
1 and 2 to this response, respectively.

;

.

5
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jAtt chment I to Re:ponto to .Questian 430.5 ,

I

Clarification of Requirements to Wydrostatically Test EPCS Diesel '

Generator Skid-Mounted and Standby Diesel Generator Auxiliary
i

Systes [ Fuel 011. Cooling Water. Air Start. Lube 011] Piping

A review of Supplement 4 to the Grand Gulf Nuclear Station Safety Evaluation '

Report (SSER4) by MP&L has indicated the need to clarify statements regarding
1

,

hydrostatic: testing of BPCS diesel generator skid-mounted and standby diesel !

generator auxiliary system piping. Section 9.6.3 of SSER4 states, in part,
that:

The"ASME requires a hydrostatic test to 125% of the design pressure.
licensee stated the piping and components would be hydrostatically tested
to the requirements of ANSI 331.1. which requires that the piping be leak
tested at operating pressure during engine operation. The staff finds |

this partially acceptable. In additinn, the staff requires that all EPCS
diesel engine skid and standby diesel engine auxiliary system piping be
hydrostatically tested to a minimum of 1251 of design pressure..."

requires that, for hydrostatic tests. the minimum testANSI B31.1 (1973)
pressure be 1.5 times the desian pressure, pravided the test pressure does not
exceed the maximun test pressure of any component such as vessels, pumps. or

Section 9.6.3 incorrectly states that ANSI B31.1valves in the system.
requires hydrostatic testing at operatijn pressures. ANSI B31.1 permits '

substitution of pneumatic tests for hydrostatic tests when piping systems are >

so designed and/or supported that they cannot be safely filled with water or
when the piping systems. which are not readily dried, are to be used inSuchservices rhere traces of the testing medium cannot be tolerated.
pneumatic tests are conducted at 1.25 times the desien pressure.

In summary, piping designated as ASNI Section III. Class 3 was either
pneumatically tested or hydrostatically tested in accordance with the'

All Quality Group D skid-mounted piping that is requiredapplicable codes.
for the safe operation of the diesel generators has been hydrostatically
tested, as previously committed by MP&L. and in compliance with ANSI 331.1.

|

i

.

1
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: Attachment 2 to Esoponsa to Que:: tion 430.5

.

'

'
.

Application of Augmented Quality Group D Requirements
to Standby Diesel Entine Combustion Air 7etake and Exha'st Systesu

In a January 16, 1975 eeeting between representatives of Mississippi Power &
Light Company and the Nuclear Regulatory Commission staff and in subsequent
comunmications, it was agreed that MP&L would provide the design criteria to
be used in khe purchase cf the diesel sensrator auxiliaries (Division I and II)

-

for the Crand Gulf Nuclear station.

On February 14, 1975 MP&L provided the NRC (reference AECM-75/11), with
information which stated that the following diesel generator auxiliary

i
systems would be designed as seismic Category I and Quality Group D:

1. Starting Air;

2. Lube 011;
'

3. Jacket Cooling Water.
|

Additionally, MP&L committed to augment the Quality Group D design
requirements of these diesel generator auxiliary systems as follows:1

~

i 1. Th'e assembly of the diesel asnerator auxiliary systwas will be
performed by qualified welders under the provisions of the QA'

program covering the design and fabrication of the diesel
generators;

2. Eydrostatic testing of system piping and valves will be in
accordance with the requirements of ANSI 331.1;!

3. Liquid penetrant examination of welds in piping 4" in diameter
| and larger will be performed.
|

During the course of these discussions related to diesel generator auxiliary
systems, additional supplemental requirements for the combustion air intake
and exhaust system were not imposed.

Dr7ing this same period. Section 3.2.2 of the Stanfard Review Flan (SRP)
(NUREG-75/087). "Systes Quality Group Classification." stated that diesel

These
generator auxiliary systems were $sportant to safety for WRs. Additionally. Section 9.5.8auxiliary systems" were not defined by the NRC.
of the Standard Review Flan. "Esergency Diesel Engine Combustion Air Intake

Inand Exhaust Systen." did not specify a Quality Group C classification.
SRPJuly 1981. Standard Review Flan Sect. ions 3.2.2 and 9.5.8 were revised.

Section 3.2.2 defined auxiliary s> stems and specifically called out combustion
air intake and exhaust. SRP Section 9.5.8 required that piping associated

| with the combustion air intake and exhaust system be classified as Quality'

Croup C. |

1

On August 21. 1981 MP&L received WRC Question 260.2. which required the !

addition of the diesel engine combustion air intake and exhaust piping to the
FSAR Amendment 51, dated Novemberoperational quality assurance program.

1981, stated that although this pipin was non-safety related. it would beOn August 26. 1961added to the operational quality assurance program.
(reference AECM-81/324). MP&L raponded to draf t WRC Safety Evaluation Report
concerns. This response stated in part:

i

E
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Attachment 2 to Respoaca u Quau Jon 430.5.

"...Unlike these other diesel generator auxiliary systems which benefit
from higher quality requirements imposed on the pressure boundary, the
combustion air intake and exhaust system would not benefit from higher
quality due to the afld service conditions.

The existing Quality Group D and seismic Category I classification is
commenpurate with the service conditions imposed on the combustion air -

intake and exhaust system and adequately ansures the integrity of the
system..."

As stated in AECM-82/459 dated August 9. 1982, the standby diesel generator
combustien air intake and exhaust system incorporates significant design
margin based upon actual service conditions i.e. pressure and temperature.
ANSI 331.1 minimum thickness calculations were performed for design and
service conditions for the exhaust piping. Table 1 presents a comparison of
design requirements versus actus1 service requirements for both intake and
exhaust piping. The nisting design margin has been translated to a
percentage overdesign. The status of components in the intake and ashaust
piping, such as the intake air filter, intake air silencer and exhaust air
silencer was further investigated; these components are designed for low
pressure, are non-safety related, and procured by the diesel manufseturer from
sub-vendors. Tae sub-vendors were contacted to ascertain the pressure rating
of these components. Based on their experience. American Air Filter indacated
that the intake air silencer is espable of withstanding 2 psig. Maxis
silencer Products indicated that the exhaust silencer is capable of
withstanding 5 - 10 psig. American Air Filter indicated that the intake>

air filters are designed for a maximum pressure drop of 3 inches of water; j

based on their experience, the highest pressure drip experienced in an |
|installed diesel generator application was 20 inches of water; this high

pressure drop occurred as a result of filters which were not cleaned for an
extended period of time. American Air Filter further indicated that pressurs
in excess of a few psig would be unlikely, since this condition would |

correspond to the condition of combustion air starvation. )

It is apparent that the licensing basis for the diesel generator auxiliary
'l

systems has been in a state of evolution. The scope of higher quality group
systems (i.e. jacket water. lube oil and starting air) was previously agreed
spon by MP&L and the NRC. The standby diesel engine combustion air intake and

| exhaust system was not included in the group of systems for which sugmented
Quality Group D requirements were imposed.

Based on the design margins for the pipe wall thickness, operational quality
assurance program for the piping, maximum operating pressures of -0.5 to 1.0
pois. Iow pressure rating of the components, the standby diesel generator
combustion air intake and exhaust system conforms to those commitments
previously made by MP&L.

.

'

I
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Att:chment 2 ta Response to question 430.5
-

.
,

TABLE 1
-

.

BECWfE1,SUFFLIED IWTAKE AND EINAUST

PIPING FOR THE STANDBY DIESEL CENERATOR*

-

Normal Maximum

Ffy Pipe Design Operating Operating Calculated Existing % Excess

De cription Size Temp. Pres. Temp. Press. Temp. Press. Min. Wall Pipe Wall Pipe Wall

(in.) (*F) (Psig) (*F) (Psig) . (*F) (Psig) (in.) (in.)

Design * Oper.** Design * Opee.**

Air fatake 24 150 125 120 -0.5 120 -0.5 0.180 0.C31 0.375 108% 363%

4

from Pilter
to Silencer'

24" J80-407

Enhen:t Pipe 24 800 125 720 0.5 760*** 1 0.218 0.081 0.281 29% 2474,

1

from Manifold
to Silencer'

i
'

24" JBD-408

Enhen:t 42 800 125 720 0.5 760*** 1 0.364 0.081 0.375 32 363%

Fipe-Steek
from Silencer-

42" JBD-409'

|

Based upon design temperature and pressure.0
Based upon maximum operating temperature and pressure.00
During the fi'est hour of peak loading.,

000
4

I

4

i

I .

-
.

IM002i(10)
.
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430.9 " Tabulate, compare and discuss differences in present actual DG
loading to estimated loads included in the procurement'

specifications. Identify the magnitude of the increased load (if
any) on the DGs and describe how the increased loading affects the
DG capability with regard to reserve margin."

! RESP 0ZSE

The presact actual loadings for the diesel generators are as
follows:

TotalProc Spec
Estimated Specified LOSP Post LOCA Connected

Diesel Load DG Rating Loads Loads EST Bus Lead

Div. I 5730 KW 7000 KW 3627 KW 4711 KW 5963

Div. 11 6100 KW 7000 KW 4745 KW 3914 KW 6397

It can be seen that both the LOSP and post-LOCA loads are less than
the estimated loads and much less then the specified 7000 KW diesal
generator rating. The total connected ESF bus loads are provided to
show that the diesel generators are capable of providing total ESF
bus loads. Although the total connected EST bus loads are greater
than the estimated loads, the EST bus loads remain below the 7000 KW
diesel generator rating.

The LOSP and post-LOCA loads have remained below the estimated
loads, therefore. margins have not been reduced. Furthermore it
has been shown that sufficient margin exists to carry the total
connected EST bus load.

i

%

b
4
.

IM0027(15)
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430.10 "If DG loading has increased from that specified in the procurement
specifications, has it been necessary to upgrade the standby DGs to
meet the new load requirements. If DG upgrading has been performed,
provide a detailed description of the upgrading accomplished on your
DGs. What is the revised manufacturer's rating for each upgraded
unit for normal continuous duty and short time overload conditions.
Is the DC built-in design margin (af ter upgrading) still within the
r'ecommendatiens of IEEE Std. 387. What is the reserve load carrying
capability (margin) of your upgraded DCs."!

RESPONSE

It has not been necessary to upgrade the Grand Gulf Nuclear Station-

diesel generators to meet new load requirements. Since no upgrading
has taken place, the remaining portions of Question 430.10 are not
applicable.

.|

.

I

|

l 1M0027(16)
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430.13(1) "Your justification should include, but nat be limited to the
follcuing: (1) quality assurance program conducted by you
durfeg procurement, manufacturing and receipt of your DGs."

RESPONSE

i The Rechtel Quality Assurance Program provided for the
identification of the applicable regulatory, design, and
quality requirements to be imposed on the supplier. The
quality requirements imposed included the applicable portions'

of 10 CFR 50. Appendix B and the ANSI M45.2 series standards,i

as well as the identification of documentation to be provided
by the seller submittal of a written description of the
supplier's quality program for approval, and provided access to
the supplier's facility records for inspection or audit.

Suppliers were evaluated prior to award to assure that their
quality assurance program and facilities complied vith the
procurement doctment requirements. These evaluations were
based on surveys, past performance, audits and the review and |

approval of the suppli2rs' documented guality programs. |

|

The Quality u surance Program controls exercised during
manufact.aring were accomplished through surveillance
inspections. review of suppliers' dccuments, and quality

|program audits.

Surveillance inspections were performed at the supplier's,

facility to assure that materials, equipment, and verification
documents conformed to the selected requirements of the
procurement document. Surveillance inspections consisted of
reviewing, observing, and/or inspecting (at randon and at
selected stages of manufacture) the supplier's personnel,
material, equipment, processes, and test performed. Reports
were prepared documenting inspections performed, tests
witnessed, discrepancies observed, and correctivt action taken.

|

Engineering and quality verification docu:nents were reviewed
for accuracy completeness, and conformance to procurement
documents.

Nonconformances to procurement documents dispositioned by the
supplier as " repair" or "use-as-is" were submitted for Bechtel
review and 4pproval prior to shipment.

.

The Quality Assurance Program defined the responsibilities for
the inspection of items and the associated gus11ty verification
documents received at the jobsite. Items were examined upon

<

receipt for identification. quantity, damage, presence of *

appropriate documentation, and Rechtel's Supplier Quality
Representative's release..

Items identified as so .:onforming at receiving were not
released for installation until authorised dispositions had
been completed.

1M0027(17)
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Re; pones to Qu:stion 430.13(1) (Continued) .

Inspection for identification and quantity consisted of
checking astkings and identification on the ites, container,
and tags attached to the itG or contairer or records showing
traceability of the items.

In the application of the Bechtel QA program with respect to
the procurement of the diesel generators during the pre-award.'

stage TDI was evaluates based on their QA program meeting the
18 elements of 10CTR50. Appendix B. their past performances in
manufacturing diesel generators, and their technical
qualification in meting the requirements of the procurement
specification. After award, the identified procedures,,

drawings and documents required by the procurement
specification were reviewed and approved prior to TDI
implementation. These are 1etailed in Attachments 1 and 2 to
the response to Question 430.13(1).

During the manufacturing of the diesel generators. Rechtel's
control through surveillance inspection (as detailed in the
response to Question 430.2) was esercised. A summary of
surveillance inspection statistics is provided in Attachment 3
to the response te Question 430.13(1). In addition, audits of
TDI's Quality Assurance program and the implementing procedures
were performed prior to the start of manufacturing, and then
annually through the manufacturing of the diesel generators.'

Noncompliances disclosed during manufacturing resulted in hold
on shipment restrictions (Attachments 4 and 5 to the response
to Question 430.13(1)). Corrective action was initiated by TDI
and verification of this corrective action was performed.

As earlier stated. Rechtel's Quality Assurance progras defined
the receiving inspection. The characteristics checked at
receiving inspection are detailed in our response to Question
430.2.

,

l

!

,

IM0027(18)
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Attcc1 ment 1 to Response to Question 430.13(1) )
f
,

.

Documentation Required From TDI
(Summary)

Engineering Drawings Diagrams and Data Sheetso

Manufacturing /QA/QC Procedu'res and Reportso

Welding /NDE Procedures and Reportso

Testing Procedures and Reportso

Installation Drawings and Instructionso

1

1M0027(20)
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attackvnt 2 to Respons2 to Quso:$on 430.13(1)

Documentation Required From TDI
(Detailed)

,

Weld Rod Control Proced, and Records
Outline Dimensions-Foundations

!
Detaila-Prawings Weld Repair Procedure Reports

Cleaning and Coating Proced. andAssembly Drawings
' ~

RecordsWiring Diagrams

Beat Treatment Proced. and Rec rdsControl Logic Diagrams
Material Test ReportsPiping and Instrumentation Drawings
Material Certificate of ComplianceSpare Parts Lists - Parts Costs
Code Data ReportsEquipment Data Sheets

Rrection/ Installation Instructions Mt/ Mag. Part. Raam Froced. and

RecordsOperating Instructions
Pt/ Liq. Pt. Exas Procsd. and Records

Maintenance Instructions

Site Storage and Randling Instructions Pressure Test Proced. and Records

Performance Test Proced. and RecordsEng. and Fabrication Schedules

Mechanical Test Proced. and Records
Q.A. Manual Procedures

Electrical Test Proced, and Records
Seismic Data Report

|
Analysis and Design Report Prototype Test Reports

ShipP ng Freparation Proced. andi ,Acoustic Data Report
-

RecordsWelding Procedure and Qualif Records

Certified Performance Data Record

I

1

f 1M0027(21)
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|
Att:chment 3 to Re::ponto to Qun0 tion 430.13(1) ;

|

|

Supplier Surveillance Statistics

RTE-Delta
TDI Fortec (Control

(Diesel (Generator) Panels) Total

Reports 112 8 24 144

Days in Shop 279 14 19 312-

Shipments 47 3 2 52

Deficiencies 33 1 40 74

Witness and Hold Paints 124 4 6 134

In-Process Inspections 53 4 3 60

|

|

|

1M0027(22)
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Attachment 4 to Response to Question 430.13(1)
,

:
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430.13(2) "Your justifiestion should include, but not be limited to the
following: (2) your assessment of the TDI manufacturing
process, inspection, and quality assurance program conducted
during manufacture of your diesel generators."

RES?ONSE

As detsfled in Attachments 1 and 2 to the response to Question
430.13(1), TDI's ensiaeering drawings, diagrams and data
sheets, manufacturing /QA/QC procedures and reports, welding /NDE
procedures and reports, testing procedures and reports and
installation drawings and instructions were required to be
submitted for review and approval by Bechtel prior to
utilization.

In verifying the implementation of TDI's documents, as
described above, variour noncompliances were identified during
surveillance inspection and audit activities (Reference
Attachments 1, 2 and 3 to the response to Question 430.13(1)).
These noncompliances were disclosed in quality program
implementation (resulting in 8 hold on shipment restrictions),
compliance to the Bechtel procurement specification, and
compliance to TDI QC procedures. Some of these noncompliances
were resolved through TDI's disposition to rework. Other
noncompliances (those dispositioned repair or use-as-is by TDI)
were submitted to Bechtel for approval.

i

1M0027(19)
-
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430.13(3) "Your assessment of TDI responsiveness to problems that have occurred
with your engines during installation and preliminary operation
including assessment of TDI perfomance."

BESPONSE

Thdmshout the installation period of the diesel generators, a TDI
representative participated in the supervision of installation
activities and coordinated the reso ution of installation related
problems. TDI provided engineering anpport services, as required, in
an effective and timely manner to support the installation activities. >

Our assessment of TDI's responsiveness to problems encountered during
installation of the diesel generators is that DI was cooperative in
providing accurate and timely resolutions to installation problems.

A TDI representative also participated in the preliminary operation of
the diesel generators, responded to problems that occurred with the
engines, and coordinated the resolution of the problems. During the
initial stages of preliminary operation of the diesels. TDI providedTDI'sengineering support services in an effective and timely manner.
onsite representative was responsive to our problems and needs, at all

Bowever, af ter a anjor problem developed (i.e.; pisten crowntimes.
separation) DI's engineering support service and the timeliness of

WeTDI's responses in our estimation, appeared to decrease.
attribute this, in part, to the generic nature of the probles and to
TDI's limited asupower available to respond to s.ffected D/G users. ;

though other reasons not known to MP&L may also be offered by TCl.
More recently, however. TDI has been responsive to MP&L's requests for
assistance and significant efforts are being made to further improva
these consuunications.

|

.

I.

|

.

i

i

1
,
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430.13(4) " Comparison of your diesel generators with all other TD1 emergency
diesel generator models now in use or to be moed in other nuclear
generating stations (and other non-ouclear facilities) to show that
the conditions and/or failure modes present at Shoreham will not occur
at your plant and at other nuclear plants; provide any supporting
inforestion that may be obtained from non-nuclear snstallations."

f

|
'

RESPONSE
|

San Onofre Unit 1. Grand Gulf Unit 1, Catawba, Comanche Peak ar.d |

Shoreham are nuclear generating stations with operating time with TDI |
'

diesel generators. Table 1 lists operating times for plants with TDI*

Model DSRV-16-4 diesel generators.
,

|While Grand Gulf has experienced various failures of TDI diesel '

generator equipment. it's operating history shows a relatively high
valid test reliability (greater than 98%) for the TDI diesel
generators (Reference: Reg. Guide 1.108).

In verbal conysrsations with various nuclear and non-nuclear
facilities, we have found that, in general. the TDI diesti generatocs
are reasonably reliable with problems in various areas similar to

I

items as reportad in the response to Question 430.8.
!A summary of the evaluation of the Shorehan crankshaft failure on

Grand Gulf was transmitted to the NRC via AECM-83/0653, dated October
14. 1983. This evaluetion concluded that. pending the results of the
analysis underway at Shoreham to determine the root cause of the ;

crankshaf t failure, there is reasonable assurance, due to design ;

differences that the Grand Gulf Division I and II diesel generator ,

'

erankahafts will not fail in a moda similar to Shoreham.

A significant number of contacts have been made with TDI. and all ,

effort is being made to cooperate in the exchange of information and |

resolution of problems with W I and other utility owners of TDI diesel
In addition, a diesel generator Technical Inforsationgenerators. |Exchange meeting was sponsored by MP&L in Atlanta, Georgia, on October

25. 1983. The purpose of the meeting was to provide a forum for the
exchange of diesel generator operational experiences, reliabilityr

information and to find solutions to problems comon to utility
Fifty-nine (59) utility. INFO and EPRI repre*?ntatives wereownera.

in attendance. A diesel generator User's Group St. . sng Committee was
organfred with the intent of forming a Nuc1 car Task Action CommitteeThe cosmitteeto address utility diesel generator reifebility issues.
consists of representatives from twelve (12) utilities, of which ten
(10) are TDI owners. MP&L's Operational Analysis Section Principal
Engineer was selected as Chairman of the committee and will liason
with upper management and other appropriate officials on diesel
generator issues of importance to MP&L.

.

(1)D/G RPT(20)
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Response to Qu:stion 430.13(4) .

.

Table 1
A List of Plants With Delaval DSRV-16-4

)
DIESEL GENERATORS

UTILITY ! F1MI RW EOMS FUEL IDAD DATE

Texas Utilities Comanche Peak 100/each Early. 1984
Unit 1 (2 D/Gs)

Duke Power Catawba 24/esch May, 1984
Unit 1 (2 D/Gs)

CP&L Shearon Barris 0 June,1985

Cleveland Elec. Ferry 0 December. 1984

VPSS Unit I and 4 0 1986 or later

Georgia Fever Vogtle 0 1987

TVA Nortsvillel 0 Indefinite
Phipps Bend

Grand Gulf Unit 1( } June 16, 1982
MP&L

Division I 1097
Division II 473

NOTES: 1. Data as of August 1933. except Grand Gulf.
2. The data for Grand Gulf Unit 1 includes run tours for the test

that were performed by DeLaval and Rechtel prior to the issusace
of the Operating License, as of October 27. 1983.

i

!

i

($)0AS Attachment (12)
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430.13 (Last paragraph)

"In addition, provide a tabulation of the number of times (including
date of occurrence) voltage was lost at the emergency bus (es)
requiring operation of the diesel generators including a brief
description of each incident. In the above tabulation. also identify
thelloss of energtncy bus voltage due to loss of offsite power."

RESPONSE

A'tshulation of identified incidents involving the loss of voltage to
one or more of the three divisional Engineered Safety Features (EST)

4

busses at the Grand Gulf Nuclear Station is provided as the attachment
to the response to Question 430.13 (Last paragraph). This tabulation
is for the period of June 16, 1982 to October 27, 1983 and provides
the date and time of the occurrence, the ES? bus involved, diesel
generator status and starts, the effsite power sources remaining
available and a brief description of the incident.

A total of thirteen incidents involving a loss of voltage to an ESF
bus were identified. Of these thirteen, three were considered a
result of the loss of one or more offsite power sources and one as the,

loss of a 500 kv supply from the switchyard to the plant. None of the
incidents invol=ed the total loss of all offsite power. One or more
offsite power supplies reemined available throughout all the
incidents. All features of the offsite power supply are designed to
provide maximum practical reliability and total redundancy in
servicing the station load groups.

,.

I

;

.

.

i

!

f
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Attcchment to Re:pona2 to Qu:stion 430.13 (Last paragrcph)

' thqineered Safety Features 4.16 W Busses Undervoltage Incidents
(June 16,1982 to October 31, 1983)

1. Incident M i. - IR 82-08-50 (12:R 82-045)

Date - 8-26-82 ;

:Time - 1415 to 1418
ESF sus - Divisicm I,15AA & Divisim II,16AB
Offsite Source Icst - Franklin 500 RV & Baxter Wilscm 500 W
Offsite Source Available - Port n aarrt 115 RV
D/G Start - Divisim I & Division II

Descriptica

During lins cleaning activities in Franklin County, Mississippi a worker
accidently felled a tree across a 500 W line. Protmetive relays tripped
the Franklin line due to the electrical fault perm and attanpted to
transfer power to the 500 RV Baxter Wilscm line, hcmever, a blawn fuse in
the carrier relaying for the Gt2tS switdlyard caused a signal to be sent to
the Baxter Wilacm switchyard indicating the fault was in the 500 KV Baxter
Wilson line. This caused the secondary relaying at the Baxter Wilsen
switchyard to trip the 500 RV Baxter Wilson line. The Divisicm I and II
D/Gs sutcratically started and tied into their respective ESF busses. The
500 RV lines were restored within three mimtes. The 115 RV Port Gibecn
line rummined available throughout the' incident. A self check systgm for
the carrier relaying has since been installed to prevent this type of
incident frtzn recurring.

2. Incident W u - IR 82-08-55
'

Date - 8-29-82
Time - 1845
ESF Bus - Divisicm I,15AA
Offsite Source Icst - No
Offsite Source Available - All'

D/G Start - Division I

_ Description

! Femer breaker 152-1501 frtzn ESF transformer 21 to 4.16 RV E5F bus 15AA
tripped for no apparent reason. The Divisicm I D/G started and tied onto'

ESF bus 15AA. . Offrita power sources were not lost and zweined available
th W the incident. The cause of the breaker trip could not be

j determined and was censidered to be spuricus.
|

3. Incident % t. - IR 82-09-31
.

! Date - 9-23-82
| Time - 0644 ,

ESF Bus - Division I, 15AA E Division III, 17AC ;
,

L Offsite Scurce Icst - 500 KV to Service Transforner 21
! Offsite Scuree Available - All

D/G Start - Divisicm I & Divisicn III

:

. _ , - . . . . _ . . . _ . ~ .
,..____.______.___Z.
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Attechnent to Racponna to Question 430.13 (Last parcgrcph)

Description

The 500 W feeder Lesaker (J5204) to service transformer 21 tripped en law
quen & gas pressure. This resultad in a loss of service transfamer 21,
EEF transformer 21 and the Division I and HI 4.16 W busses. The Diviaian
I and III D/G's matcmetically started and tied onto their respective
busans. Divisian I,15AA, was 9_t:imtly transferred to EEF transformer
11 and 7AC to ISF transformer 12. The cr se of the low quench gas
pressure was determined to be a defective gcuernce switcti in 500 W hreaker
J5204. The switch was replaced and the breaker returned to service. All
offsite lines rummined available to the switchyard throughout the incident. !

4. , Incident % i. - 2R 82-09-34

Date - 9-24-82
Tine - 1136
ESF Bus - Divisicm I,15AA
offsite Source Inst - No .

Offsite Source Available - All
D/G Start - Divisicm I

,

Descripticm ;

Fineder breaker 152-1501 frcan 5SF transformer 21 to the Division I, 4.16 W
EEF bus 15AA tripped causing an undervoltage conditicm en the bus. The
Divisien I D/G started and tied m to the bus. The cause of the breaker
trip could ncrt be determined and was considered to be spurious. Offsite
power source rummined available throughout the incident.

5. Incident V it - IR 82-12-19

Date - 12-27-83
Time - 1232 - 1235
EEF Bus - Divisimi II,16hB

Offsite Ecurce Inst - Port cdbeen 115 W
Offsite Source Available - 500 W Lines|

; D/G start - Nene, Division II D/G in Maintenance Mode
|

Description

A five seccmd interruption on the 115 W Port Gibson line caused a loss of
the Diviticm II 4.lti W bus 16AB. The Divisien II D/G was in the
Maintena.1cm Mode at the time and did not start. Approximately three
udnutes la ter ESF 1ms 16AB was reenergized frtzn ESF transformer 21. The
500 W off site lines remained available throughout the incident. The
internpticm on the 115 W line tas attributed to a storm in the Port

j
Gibeen area at the time.

.
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6. Incident M i. - IR 83-2-14
Date - 2-5-83 |.

Tims - 1445 s 1500 ,

MF Bus - Division n,16AB and Divisicm I,15AA
Offsite Sourcs Icst - Part Gibecm 135 KV and 500 W feed to service

Transfomer 21*
Offsite Source Available - All 500 W 3.ines to switchyard
D/G start - Divisim II and Division I

Descripti@
t

A downed tree en the 115 RV line between Fayette and Natchez caused a loss
of the Port Giboen 115 KV line. The Divisicn II D/G aute ntically started ;

and tied onto the Division II 4.16 RV ESF bus 16AB. Fifteen minutes later
the 500 KV feeder breaker (J5024) to service transformer 21 tripped causing
a loss of the Divisicm I 4.16 RV ESF bus 15AA. The Divisir.a I D/G
autmatically started and tied onto IEF bus 15AA. All 500 RV lines to the
switchyard remained available throughout the incident. BOP loads were
transferred to the 34.5 RV bus 12R. ESF busses 15AA and 16AB were
transferred to EEF transformer 11.

.

She cause of the 500 KV breaker 35024 ' trip was determined to be icw ~ quench
p s pressure caused by a loss of service power to the switchyard. Service
power was Icst to the swit& yard due to the preferred breaker lineg for
the 4.16 RV ESF busses at the time. The preferred breaker lineup has been

,
changed to ensure that at least two sepsxata scur m s of power are available
far switchyard service power to prevent a similar incident.!

7. Incident Report - IR 82-02-43
.

Date 2-16-83
' Tine - 0027
f ESF Bus - Division II,16AB

Offsite Source Icst - No'

Offsite Source Availabh - All
i D/G start - None, Division II D/G in Maintenance Mode
!

| Description
.

I

I Feeder breaker 152-1614 fran ESF transformer 21 to the Division II 4.16 RV '

bus 16AB tripped for no apparent reason. 1he Divisicm II D/G was in the
Maintenance Mode at the time and did not autm atically start. ESF bus 16AB

| was isnediately reenergized fran ESP transformer 12. Offsite power - '

remained available throutbaut the incident. The cause of the breaker trip
oculd not be determined and w considered spurious.

,

|

|
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' ncident y i. - IR 83-2-67/8. I

Date - 2-21-83
Time - 1740 to 1745 .

MF has - Divisicri II,16?2
Offsite Scnarce Inst - No
Offsite Scurce Available - kil
D/G star' - None, Division II D/G in Maintenance Modet

Description

A spike on the Port Gibecm 115 W line during a stom caused feeder breaker
152-1G11 fran IEF transfomer 12 to 'the Division II 4.16 RV bus 16AB to
trip. 'the Divisien II D/G was in the Maintenance Mode at the time and did
not autcmetically start. Five minutes later EEF Bus 16AB was reenergized I

fztzn ESF transfomer 11. Offsite power remained available throughout the |

incident.

9. Incident et. - IR 83-3-127
Date - 3-29-83
Time - 0210 .

' *

EEF Bus - Division II, 16A3 -

;Offsite Source Inst - No
Offsite Source Available - All |.

D/G start - Divisicri II -

Description<

Maeder breaker 152-1614 frm EEF transfomer 21 to the Divisicri II 4.16 RV
.

EEF bus 16AB tripped en an RHR pmp start attenyt. 'the Divisicm II D/G
) autmetically started and tied onto ESF bus 16AB. ESF Das 16AB m s later
,

transferred to ESF transfomer 12. An investigation attributed the breaker
l trip to a dirty overcurrent relay. Offsite power runnined available

throughout the incident.

10. Incident M it - IR 83-4-12
l Date - 4-6-83|

Tine - 1005
ESP Bus - Divisicm I,15AA
Offsite Source Inst - No
Offsite Source Avallable - All
D/G start - Division I

. .

Descripticri

A spike en the Port charws 115 RV line during a stom caused the feeder
breaker 152-1511 fran ESF trapsfomer 12 to the Division I 4.16 RV ESF bus
15AA to trip. 'the Division I D/G autmetically started and tied cnto ISP
Bus 15AA. Offsite power retained available throughout the in:ident. After |
the required run time en the D/G the electrical lineups were restored.
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11., ' Incident hve. - IR 83-6-13 (IER 83-074)-

Date - 6-6-83
Time - 0500
ESF has - Division 1,15AA
Offsite Source Icst - No
offsite Source Available - All
D/G start - Nene, Division I D/G in Maintenance M:x5e

Descrie.ien ,

Feeder breaker 152-1511 frun ESF transformer 12 to the Divisim I 4.16 EEF
bus 15AA tripped on an IPCS pap start attmyt. The Divisicm I D/G was in
the Maintenance Mode and did not autmatically start. Forder breaker
152-1511 was inmediately racioned and IEF bus 15AA reenergized frun ESP
transformer 12. Offsite power remained available throughout the incident. |

12. Incident M 1 - IR 83-8-45A

Date - 8-15-83
Tine - 1415 .

ESF Bus - Division II, 16AB *
' ''

Offsite Source Icst - No -

Offsite Source Available - All
>

D/G start - Division II _

Description

Cajun Power Associaticm Plants 1, 2, and 3, simultaneously trip off the
grid causing the inoming 500 RV line voltage at GmS to dip to'

apprtecimately 445 RV. This resultad in the Ic.ss of the Division II 4.16 RV
ESF bus 13AB cn undervoltage. The Divisica II D/G autmatically started
and tied onto IEF bus 16AB. Een the grid voltage stabilized at normal
voltage the Divisim II ESF bus electrical lineup was returned to new=1
Divisicm II was the only ESF bus affected due to the breaker lineup in use
at the time of the incident. Offsite power remained available to the
switchyard throughout the incident.~

13. Incident W1 - IR 83-9-4.

Date - 9-1-83
Time - 0850
ESF Bus - Division I, 15AA
offsite Scurce lost - No
Offsite Source Available - All
D/G start - Nene, Divisicm I D/G in Maintenance Mode

.

O
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.

.

ges_eription

Power was lost to tis Division I 4.16 RV EEF bus 152, when an we's
"

passlag the switchgear inadvertantly catight the breaker trip handle fbrfrcm ESF transfomer 12 to the Divisicm I EEF bus
152-1511 'me Divimica I D/G was in thefeeder basic.c

15hh with a radio and tripped the henskar. ESP bus 15m was
Itaintenance sede and did no autmatically start. Offsite power remained
isandiatmly coenergized fran ESF transfomer 11.~

5
available thrcughcut the incident.
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Wha's surveillance practices in addition to those required by plant
|

,

430.17 technical specifications have you instituted to assure optimum
|reliability of your diesel generators at your plant?

RESPONSE

MP&L's surveillance program was- developed to identify and perform
Nosurveillances required by the plant technical specifications.

additional Surveillance Procedures have been developed at this time.
MP&L centends that the current Surveillance Procedures are adequate and
have been' effective to assure availability and performance of the D/G's,

t

However, efforts are underway to improve the reliability of the D/Gs in
' addition to the current Surveillance Program. These practices include,

both temporary and long term augmented activities such as:

1) Increasing surveillance testing run time from one (1) hour to four
(4) hours, if deemed necessary. This increase in fully loaded run
time will allow the engine and generator to reach a steady-state
temperature condition.

2) A blowdown of the starting air systems on each D/G once per week.
This will ensure that all support components for the air-start
systems are functioning properly.

3) Improved housekeeping requirements for the D/G rooms and equipment.
This will lessen the accumulation of particulates in the air system
since the air supply for the diesel air intake and starting air
systems is taken from inside the room.

Also under consideration is the establishment of an inspection team,
consisting of a maintenance engineer, an operator, and a mechanic, toTheseperform a detailed inspection of the D/Gs at specified intervals.
inspections would spot potential trouble that ceuld lead to future D/G
failures, as well as existing damage to the engine or its components.

In addition to the efforts described above MP&L management determined
that a 7-day equivalent test run would enhance the reliability of the

-

D/Gs. This 7-day equivalent test run has been successfully completed for
Division I and Division II D/Gs.

.
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