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I. INTRODUCTION

A. Background

When this Licensing Board issued the Partial Initial Decision
(P.1.D.) in September 1983, we found that all issues in controversy,
except one, had been resolved in favor of permitting the Applicant, Long
Island Lighting Company (LILCO), to operate the Shoreham Nuclear Power
Station, a one unit boiliny water reactor located in Suffolk County, New
York, at low power levels up to five percent of rated power., 18 NRC
445, 468 (1983). That issue related to certain alleged defects in the
three emergency diesel generators (EDGs) manufactured by Transamerica
Delaval, Inc. (TDI), and proposed for use on the Shoreham site. These
EDGs are required to supply backup emergency electrical power to safely
shut down the Shoreham plant in the event of a loss of offsite power
(LOOP) in compliance with General Desigr Criterion i7. 10 C.F.R, Part

50, Appendix A,

Diesel i1ssues were pending at the time of the P.1.D, because of a
prior ruling by us, which was followed by a major diesel failure durinrg
testing. On June 22, 1983, we had granted, in part, the motion of
intervenor, Suffolk County, New York, to reopen the record and admit a
new contention concerning the emergency diesel generators, LBP-83-30,
17 NRC 1132 (1983). A hearing on the low power aspects of the new
contention was thereafter scheduled to begin on August 29, 1963,

Mowever, on August 12, 1983, the ortginal crankchaft on EDG 107 severed




during testing. Inspections revealed cracks in the crankshafts of the
other two EDGs, 101 and 103. As a result, the pending hearing was
cancelled at the unanimous request of LILCO, the NRC Staff and Suffolk

County.

The background history thereafter is lengthy and unnecessary to
recount in detail for present purposes. In short, the nuclear power
plant owners and the NRC Staff laurched into a comprehensive review of
1Dl diesels. Parts of the review were continuing at the end of the
hearing. During the time of those reviews, numerous defects with
respect to different components in TDI diesel engines came to light.
Prominent among these wes a defective cylinder block on the Shoreham EDG
103, which was replaced by LILCO. The Staff and LILCO believed the
technical reviews were finally sufticiently complete for the hearing to
begin on September 10, 1984, on the four diesel issues then in
controversy before us, which involved the crankshaft, cylinder block,

cylinder heads and pistons. The diesel hearing began on that date.

As 1t later turned out, LILCO had not been ready for the hearing to
begin when it did, Rather, LILCO apparently wished to change and
Justify its proposed operation of the diesels to a so-called "qualified
load" of 3300 kw, rather than the original 3500 kw continuous rating and
3900 kw two<hour short time rating. LILCO also wished to conduct a 10E7
cycle 740 hour "endurance run" test (taking some credit for previous

test hours) along with inspections which had been advocated by the NRC
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Staff and Suftolk County. As a result, as the originally contemplated
evidentiary hearing drew to a close in November 1984, the Board granted
LILCO's motion to reopen and supplement the record, as confirmed in our
unpublished Order, dated December 4, 1984, Pursuant to the schedule
agreed upon by the parties, the reopened hearing began on February 12,
1985. The record was closed on March 12, 1985. Proposed findings were
filed by all parties pursuant to an agreed-upun accelerated schedule,
culminating in LILCO's reply findings being filed on May 2, 1985.

B, Summary of Decisicn

The diesel issues remaining in controversy before us relate to
three matters: blocks, crankshafts, and the qualified load proposal.
Our decisfon is divided into these three parts, with the numbered
findings beginning with B, C, or L, respectively, With respect to these
issues, we find there is reasonable assurance that for the first fuel
cycle the TDI EDGs can perform their required safety function, 1f
necessary, at & gualified loac level up to 3300 kw, and that operation
at such a level will not lead to failure of the crankshaft, We also
find that routine required surveillance testing can be conducted at 3300
kw plus or minus 100 kw without leading to failure of the crankshaft,
and that an additional cumulative operation time of two hours between
3300 kw and 3400 kw during the first fuel cycle, 1f necessary, would not

cause fatlure of the crankshaft., Operation above 3400 kw s not
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permitted because of our findings regarding the crankshafts. With
respect to the tlocks, we fina there is reasonable assurance that the
EDGs will not be prevented from performing their safety function of
supplying standby electrical power, if needed, due to block top cracks,
of which three types were in controversy: so-called ligament,
stud-to-stud ana circumferential cracks. Insofar as the diesel issues
before us are concerned, this decision authorizes the issuance of a full
power operating license for the first fuel cycle. However, as noted
below, there are still offsite emergency planning issues pending before
another Licensing Board. Accordingly, this decision, eftective
immediately, authorizes the NRC Staff to issue only a low power (up to
five percent of rated power) operating license, providing the Staff has
made findings supporting such a license on all issues not in

controversy.

During the litigation, the parties reached agreements, approved by
us, on three issues: cylinder heads (October 30, 1984, Board Diesel
Ex. 1 for ldent,, ff, Tr. 25,204); pistons (November 14, 1964,
Tr. 26,450-58, 26,620-22), and camshaft gallery cracks in the cylinder
block (March 7, 1985, ff, Tr, 28,766). We reiterate our commendation of
the parties and counsel for their energetic efforts tu reach acceptable
settlements on the f1ssues in controversy. We think the parties and the
public interest have been well served by these settlements. Sone of
these settlements require conditions, generally related to future

monitoring and inspections. The NRC Staff and other responsible parties

.



shall assure that those requirements are properly reflected in the

operating license conditions or technical specifications.

The contentions in issue were jointly sponsored by Suffolk County
and New York State. Suftolk County (SC or the County) was the lead
intervenor at the hearing. As we had reauired for efficiency, the
County and the State coordinated closely their participation and filed
Joint proposed findings. For brevity, we will refer only to the County
in our decision on the joint contentions. The other parties

participating were LILCO and the NRC Staff,

There are ottfsite emergency planning issues in controversy before
another Licensing Board which must be resolved in LILCO's favor before 2
full power operating license could be authorized, At this point, that
Board has effectively found against LILCO, but that proceeding is
continuing. “Partial Initial Decision on Emergency Planning,”
LBP-85-12, 21 NRC __ , slip op. at 426 (April 17, 1985). For this
reason the effect of our decision 1s to authorize only a low power
Ticense. The Commission has previously rejected the recommendation of
this Licensing Board (then consisting of Judges Brenner, Carpenter and
Morris), that so long as Suffolk County refused to participate fin
emergency planning, and that the willingness of New York State to
participate was then unclear, a low power license should not Le 1ssued
unless and until a factual inquiry could support a finding of reasonable

assurance that offsite emergency planning, required for o full power



license could be developed. LBP-83-21, 17 NRC 593 (1983); CLI-83-17, 17

NRC 1032 (1983). See also Partial Iritial Decision, LBP-83-57, 18 NRC
445, 623-33 (1983); CL1-84-9, 19 NRC 1323, 1325-29 (1984),

C. Investigations

We have been informed that the NRC Office of Investigations (OI)
has before it a pending investication of Transamerica Delaval, Inc. We
have inquired of Ol, through the NRC Staff, on three occasions over the
past year, whether anything in their investigation would materially
affect the record on the TDl EDGs at Shoreham. We received no helpful
information in Ol's vague response over a year ago (Memo tu G.
Cunningham, ELD, from B, Hayes, OI, March 12, 1984), and we received no
response from Ol to our more recent inquiries on the record of the
proceeding. Tr, 28,245-53 (February 21, 1985). Ltr to Board from B,
Bordenick, NRC Staff Counsel, February 28, 1985; Tr. 28,408-11 (March 6,
1985); Ltr to Boare from B. Bordenick, March 22, 1986. The NRC Staff
did assure us that it presented our inquiries to Ol as we had requested.

l‘dl

We assume that O1's recent failures to respond are benign and due
to some miscommunication of the import of our inquiry and expectation of
a response. At the time, we considered taking further action, but
decided this could lead to a collateral digression from the complex

fssues in controversy before us. A Licensing Board fully occupied at
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No. 50-322/84-37, at 2 (November 28, 1984). Thereafter, additional
instances of apparent nonreporting by TDI came to light. Three
prominent, but by no means complete, examples are: (1) The inadequate
deaenerate metallurgical structure of the original EDG 103 block, which
was discovered by LILCO only after the block cracked in April 1984; (2)
the existence of cracks in the camshaft gallery of the blocks, not
discovered by LILCO until 1984. Moreover, these cracks had been
repaired by welding and painted over by TDI after fabrication (in the
1970's), but this was not discovered by LILCO until September 1984 .
(Indeed, written testimony filed before us by TDI witnesses on

August 14, 1384, but fortuitously for TDI, withdrawn by LILCO before
presentation as evidence, discussed the camshaft gallery cracks but
failed to disclose that they had been welded over); and (3) the fact
that TDI's torsional stress calculations for the original 13 X 11
crankshafts were grossly in error. (As we understand it, TDI usec this
size crankshaft only in the three diesels of that model sold to LILCO,
and not in others made after the mid-1970's time-frame when the three

Shoreham diesels were fabricated).

We reiterate that we believe the situation regarding apparent
nonreporting by TDI deserves the Commission's attention. To the extent
Commission entities have looked into this matter, it appears to us that
the inquiries may not have been comprehensive nor inclusive, and may not

nave received the proper priority and resources.
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IT. CYLINDER BLOCKS

A. Introduction

E-1. Suffolk County and the State of New York jointly contend that

the Emergency Diesel Generators (EDGs) at Shoreham are inadequate

because:

0 Cracks have occurred in the cylinder blocks of all EDGs and a

larce crack propagated throuch the front of EDG 103.

0 Cracks have also been observed in the camshaft gallery area of

the blocks.2/

0 The replacement cylinder block for EDG 103 is a new design
which is unproven in DSR-48 diesels and has been inadequately

tested.

B-2, The three Shoreham EDGs are Transamerica Delaval, Inc.

("TDI"), model DSR-48 diesel engines with eight cylinders in line,

2/ By stipulation dated January 14, 1985, the parties advised that the
County no lTonger sought to disqualify the blocks on the bas‘s of the
camshaft gallery cracks. LILCO Ex. B-67. Accordingly, Hur decision
does not deal with these cracks.



having a 17-inch base and 21-inch stroke. These EDGs constitute the

onsite electrical power system for the Shoreham plant. Hubbard and
Bridenbaugh, ff. Tr. 23,826, at 12, 14. The safety function of this
system (assuming the offsite system is not functioning) is to provide
sufficient capacity and capability to assure that (1) specified
acceptable fuel design limits and design conditions of the reactor
coolant pressure boundary are not exceeded as a result of anticipated
operational occurrences and {2) the core is cooled and containment
inteqrity and other vital functions are maintained in the event of
postulated accidents. The onsite electrical power supplies, including
the batteries, and the onsite electric distribution system, shall have
sufficient independence, redundancy, and testability to perform their
safety functions assuminy a single failure. 10 C.F.R. Part £C, Appendix
A, General Design Criterion (GDC) 17. A single failure means an
occurrence which results in the loss of capability of a component to
perform its ' .tended safety functions. Multiple failures resulting from
a single occurrence are considered to be a single failure. Id. at

Pefinitions and Explanations.

B-3. The function of the cylinder blocks is to form the framework
of the liquid-cooled engine, provide passage for coolant and support for
the cylinder liners and cylinder heads and to restrain the forces
generated by gas loads. McCarthy et al., ff. Tr. 24,372, at 8. The
configuration for one cylinder liner and head is illustrated in LILCO

Exhibit B-7 (Figure 1, attached), and plan views of block tops, showing
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crack locations and depths for DG 101, DG 102 and DG 103, are given in
LILCO Exhibits B-16, B-17 and B-25 (Figures 2, 3 and 4), respectively.
The block material was specified as ASTM A-48-64 Class 40 gray cast

iron. Id. at 9.

B-4. As part of the engine qualification testing program, each
engine was operated for 100 hours at or above full load (3500 kw) and
then disassembled and inspected. This inspection, in February 1984,
identified 1igament cracks in the blocks of all three EDGs, and
stud-to-stud cracks and one stud-to-end crack in the original EDG 103
block. Id. at 13-15, Tr. 24,603-04 (Schuster). A Tigament crack
extends from the cylinder head stud counterbore to the cylinder liner
counterbore and lies in a vertical plane, extending downward from the
block top surface. A stud-to-stud crack extends from one stud
counterbore to an adjacent stud counterbore of an adjacent cylinder.
The locations of ligament and stud-to-stud cracks are illustrated in
LILCO Exhibit B-20 (Figure 5). A stud-to-end crack extends from a stud
counterbore of an end cylinder (either no. 1 or no. 8) to the end of the

block. See McCarthy et al., ff. Tr. 24,372, at 14-15.

B-5. The location and depth of the Tigament cracks were measured
using a series of liquid penetrant, eddy current and visual inspections
of the block tops, stud holes and cylinder liner landings. Id. at 13,
EDG 101 had 13 Tigament cracks, EDG 102 had 18 Tigament cracks and EDG

103 had 21 ligament cracks at the time of these inspections. LILCO Exs,
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B-16, B-17 and B-18. These cracks varied in depth, with the ones in EDG
103 being the most severe. Id. No ligament crack in EDGs 101 and 102
extended below a depth of 1.5 inches nor on to the liner landing. As of
March 11, 1984, the original EDG 103 block had no measured ligament
cracks deeper than 1.5 inches. The deepest stud-to-stud crack in the
original EDG 103, between cylinders No. 4 and 5, was measured by eddy
current to have a depth of 1.4 to 1.6 inches. LILCO Exs. B-16, B-17,
B-18; McCarthy et al., ff. Tr, 24,372, at 14, 15; Tr. 28,823-24
(Johnson); Tr. 28,825-27 (Rau). The original EDG 103 also had seven
surface "indications" (cracks which were not deep enough to be
measurable), five of which occurred in stud-to-stud locations and two of
which were located between a stud hole and the outer perimeter of the

block top. Id.

B-6. Following inspection, EDG 132 was operated through 100 starts
to loads greater than 50 percent (i.e., greater than 1750 kw) .
McCarthy et al., ff. Tr. 24,372, at 15; LILCO Ex. B-21. Based on
subsequent eddy current examination, LILCO concluded that there had been
no discernible extensicn of cracks on the 102 block. Id. It appears,
however, that this general conclusion was based on eddy current
measurements only at cylinder No. 7. See Tr. 24,411 (Johnson); LILCO
Ex. B-?1. While this may be reassuring, since based on the EDG 102
crack map cylinder No. 7 has the worst cracks, we do not find it

conclusive that no crack extension at all took place.
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B-7. Between March 11 and April 14, 1984, FDG 103 underwent
additional operational testing for a Tonger time at higher loads than
the EDG 102 testing. LILCO Ex. B-15. On April 14, the EDG block
experienced an abnormal load excursion in which the power demand
exceeded the EDG capacity for approximately 25 seconds, causing the
engine to slow from the normal 450 rpm to 390 rpm. The engine was
operating with the fuel rack set at 3500 kw when the power demand from
the site load was accidentally picked up. The engine speed slowed until
the output breaker tripped due to low engine rpm; the diesel continued
to run at no load for an additional ten minutes before it was shut down.
McCarthy et al., ff. Tr. 24,372, at 17-18; Tr. 24,655-61 (Youngling,
Seaman). The engine was later restarted and the qualification testing
continued at 3900 kw for about 1.75 hours, when an operator noticed oil
seeping from a crack running down the front of the block at cylinder No.
1, and the engine was shut down. The engine was operating satis-
factorily and producing power prior to shutdown. McCarthy et al., at
17-18; Tr. 24,434 (McCarthy); Tr. 24,661-62 (Youngling). The area of
this crack had not been inspected after the load excursion and before
restarting the engine. Tr. 24,663 (Youngling). The crack was later
measured to be 4.4 inches long at the front surface of the block. No
one recalled its depth at the stud hole, but it would not be more than

4.4 inches because that was the largest measurement observed. Tr.

24,668 (Wells), Tr. 24,669 (Schuster, Johnson).
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B-8, After shutdown of the EDG 103 engine on April 14, 1984,
inspection of the block revealed that the deepest stud-to-stud crack,
located between cylinders No. 4 and 5, had extended from a depth of 1.4
to 1.6 inches to a maximum depth of three inches.i/ McCarthy et al.,
£f. Tr. 24,372, at 18; Tr. 28,823-24 (Johnsor); Tr. 28,905-06 (Rau);
LILCO Exs. B-18, B-25. Between March 11 and April 14, 1984, additional
ligament and stud-to-stud cracks had initiated and propagated at other
block top locations; however, none of the Tigament cracks extended on to
the liner landing. McCarthy et al., ff. Tr. 24,372, at 18-19; Tr.
25,538 (Johnson); LILCO Exs. B-16, B-18, B-25.

B-9. Based on the lack of confidence that the EDG 103 block could
be repaired satisfactorily, LILCO decided to replace it. Tr. 24,665-66
(Youngling). A new block was installed in the EDG 103 in June 1984,
Johnson et al., ff. Tr, 28,799, at 5.

B-10. In September 1984, destructive sectioning, magnetic particle,
and ultrasonic examinations revealed the presence of shallow
circumferential cracks in the original EDG 103 block. McCarthy et al.,
(Supp.) ff. Tr. 24,372, at 2, 11; Anderson et al., (Supp.) ff. Tr.
25,665, at 10-11; SC Ex. S-10. These cracks were located in the sharp

3/ A1l measurements referred to are the revised measurements (for EDG
103) taking into account the presence of Widmanstaetten graphite.
Tr. 24,442 (Rau).
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corner formed by the cylinder liner counterbore and the cylinder liner
landing. They extended at about a 45° angle from the corner to a
maximum depth of 3/8 inch. McCarthy et al. (Supp.), ff. Tr. 24,372, at

2, 11. See also Anderson et al., ff. Tr, 25,565, at 10-11; SC Ex.
S-10.

8-11. As of September 22, 1984, the EDG 101 and 102 blocks had each
accumulated more than 1200 hours of operation. On the EDG 101 block,
about 440 hours were at or above full load (3500 kw), including 25 hours
at or above 110 percent of full load. Tr. 28,887 (Rau); LILCO Ex. B-13.
On the EDG 102 block, about 475 hours were at or above full lcad (3500
kw), including 30 hours at or above 110 percent of full load. Tr.
22,887-88 (Rau); LILCO Ex. B-14. The original EDG 103 block also
accumulated more than 1200 hours of operation, of which about 428 hours
were at or above full load (3500 kw), including 30 hours at or above 110

percent of full load. LILCO Ex. B-15.

B. Methods of Evaluation

B-12. It is abundantly clear from this proceeding that the
evaluation of the adequacy of the Shoreham diesels has presented a nove!l
situation. Complete failure of the EDG 102 crankshaft, the presence of
Tigament cracks, stud-to-stud cracks, circumferential cracks, camshaft
gallery cracks and replacement of the EDG 103 block, perforce have led

to new bases for evaluation, as developed by the Staff and LILCO (and
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the TDI Owners Group), to show compliance with GDC 17. Traditionally,
and in all cases prior to the appreciation of the difficulties with the
DI diesels, especially at Shoreham, evaluation was guided by the
concepts described in Institute for Electrical and Electronics
Engineers, Inc. (IEEE) standards and NRC Regulatory Guides. This
approach made reference to "continuous duty" and "short-time" ratings
compared to the actual loads anticipated over the life of the plant.
LILCO, in fact, used this approach originally in its Final Safety
Analysis Report (FSAR), using 350C kw as the continuous duty rating and
3900 kw as the short-time rating.

B-13. Neither LILCO nor the Staff now use the IEEE approach for
Shoreham. Rather, a new concept of “qualified load" (3300 kw) has been
introduced and extensive investigations of crack initiation and
propagation have been carried out to attempt to demonstrate that the
diesels will perform their intended safety function during the course of
a coincident loss of offsite power and a loss of coolant accident
(LOOP/LOCA). Further, this demonstration applies only to the first
refueling cycle. Tr, 23,105-06 (E11is). LILCO testified that based on
its analysis, "EDG 101 and EDG 102 should perform their intended
function, plus surveillance and periodic operational testing, until the

first refueling outage without developing significant stud-to-stud

cracking. McCarthy et al., ff. Tr. 24,372, at 74. (Emphasis added).
We do agree with LILCO and the Staff that the record supports the

approval of continued operation of the Shoreham TOl EDGs for multiple



fuel cycles--with appropriate inspections--but consider it pruc¢cnt for
the NRC to defer a decision on operation past the first fuel cycle until
industry experience with TDI diesels up to that time can be reviewed.
Similarly, the results of inspections during and after the first fuel
cycle at Shoreham should be evaluated before the second fuel cycle,
LILCO and the Staff aver that their evaluations do demonstrate
compliance with GDC 17; the County contends they do not. We proceed to

examine the parties' positions in detail.

B-14. First, we observe that GDC 17 is the applicable regulation,
whereas Pegulatory Guide 1.9, Selection, Design, and Qualifica*ion of
Diesel-Generator Units Used as Standby (Onsite) Electrical Power Systems
at Nuclear Power Plants, (which references IEEE standards) is not a
substitute for the regulation, and comnliance with it is not required.
"Methods and solutions different from those set out in the guide will t
acceptable if they provide a basis for the findings requisite to the
issuance ... of a ... license by the Commission." Regulatory Guide 1.9,
Rev. 2, December 1979, at explanatory footnote, at 1. GDC 17 does not
provide specific standards for evaluating the capacity and capability of

the EDGs. It does specifically require that the onsite electrical power

system provide sufficient capacity and capability to assure that (1)

specified acceptable fuel design limits and design conditions of the
reactor coolant pressure boundary are not exceeded as a result of
anticipated operationa! occurrences and (2) the core is cooled and

containment integrity and other vital functions are maintained in the
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event of postulated accidents. LILCO has interpreted this to mean that
the EDGs will be capable of supplying (sufficient) power for a seven-day
1168 hour) period in response to a LOOP/LOCA evert., Tr., 24,823
(Youngling).

B-15. While normally an application for an operating license would
contemplate an analysis and evaluation of the design and performance of
structures, systems and components during the life of the facility (10
C.F.R., Part 50.34(a)(4); Part 50.34(b)(4)), we understand and determine
that LILCO is requesting approval of its analysis and evaluation of the
EDGs for only the first refueling cycle and for only one LOOP/LGCA
should that occur during this cycle. See B-13, supra. The Staff has
not taken this position. In fact, the Staff took the position that the
adequacy of the diesels must be evaluated on the basis of whether the
EDGs can withstand repeated LOCP/LOCA events throughout the life of the
plant. Tr., 28,139; 28,141-42; 28,148 (Berlinger). The Staff later
explained, however, that its evaluation, in accordance with GDC 17, does
not consider whether there will be one LOOP/LOCA or one hundred
LOOP/LOCAs. Tr, 28,184 (®arlinger). The Staff would assume that
maintenance and surveillance programs would be incorporated at the plant
which would assure that in the future the engines would be maintained in
order to respond to a LOOP/LOCA or any other LOOP event, if there were
repeated LOOP events. Tr, 28,285 (Berlinger). The Staff, however, did

10t provide any testimony that the EDGs could perform their function for

more than one LOOP/LOCA., We repeat, that with respect to the
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acceptability of the EDG blocks, we consider their capability to perform
their function for one LOOP/LOCA occurring before the end of the first

refueling cycle.

B-16. The County would have us reject the LOOP/LOCA "standard"
proposed by LILCO and the Staff. SC PF, Cylinder Blocks, at 11, ¥ 17.
We do not view the LOOP/LOCA test as a standard, per se, but as a
proposed basis for evaluating the capability of the EDGs to perform
their function in compliance with GDC 17 for one LOOP/LOCA event
occurring during the first refueling cycle. Tr. 26,234-37 (Berlinger).
We accept this approach and shall examine the expected response of the
blocks to the duty cycle imposed on the EDGs as a result of a LOOP/LOCA
during the first refuelinc cycle. As a preliminary matter, we first

examine the material properties of the blocks.

C. Material Properties of the EDG 101, 102 and Replacement 103 Blocks

B-17. There is no disagreement among the parties that the original
EDG 103 block contained widespread, degenerate, Widmanstaetten graphite
structurei/ and that it therefore lacked the tensile strength of normal

Class 40 gray cast iron. McCarthy et al., ff Tr. 24,372, at 29-35;

Y Widmanstaetten graphite is a degenerate form of graphite that occurs

infrequently in heavy-section gray cast iron. A combination of very
(Footnote Continued)
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Berlinger et al., ff. Tr. 23,126, at 25; Tr. 25,781 (Bush); Tr.
25,552-53, 25,674 (Anderson); Tr. 24,746 (Wachob).

B-18. As a result, the original 103 block was more susceptible to
fatigue crack initiation and propagation because the block strongth was
as low as 14.9 ksi which is approximately 40 percent below the
anticipated minimum value of 25 ksi for typical Class 40 gray cast iron
of this thickness. McCarthy et al. ff. Tr, 24,372 at 35-36, Tr,
25,284-86 (Wachob). See also LILCO Fx. B-40. LILCO's consu tant,
Failure Analysis Associates (FaAA), calculated that the fatigue life of
the original EDG 103 was reduced by a factor of 10 to 100 times as a
result of the presence of degenerate graphite. McCarthy et al. ff. Tr.

24,372 at 40.

B-19. In contrast, the FaAA inspection of the microstructure of 101
and 102 confirms that they are typical Clu s 40 gray cast iron. Tr.
24,771 (Rau). The UTS strengths for 101 and '02 were in the range of 45
to 47 ksi. Tr, 24,766 (Wachob).

B-20. LILCO and the Staff contend that the EDG 101 and 102 blocks

consist of normal Class 40 gray cast iron and that they are, therefore,

(Footnote Continued)

slow cooling rate and tramp elements can combine to form Widmanstaetten
raphite, McCarthy et al., ff, Tr, 24,372, at 30-31; Tr, 24,745, 25,010

?Hachob); Tr. 25,059-60 (Rau, Wachob); Tr. 25,064 (Rau).
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superior to the original EDG 103 block. McCarthy et al., ff. Tr,
24,372, at 41-42; Berlinger et al., ff, Tr, 23,126, at 26-27; Tr.
24,752-55 (Rau); LILCO Exs. B-33, B-38. Metallurgical analyses using
two different techniques were used by LILCO (FaAA) to analyze the cast
iron material of the blocks. First, metal samples were removed from the
EDG 101, 102, and original 103, and replacement 103 block tops. These
samples were then metallographically polished and examined under a
microscope to evaluate their microstructure. Second, plastic replicas
were taken of polished surfaces of the EDG 101, 102, and original 103
blocks. Both of these techniques revealed extensive quantities of
Widmanstaetten graphite throughout the original EDG 103 block and
typical gray cast iron microstructure throughout the 101, 102, and
replacement 103 blocks. McCarthy et al., ff. Tr, 24,372, at 29-31,
41-42; Tr, 24,741, 24,746, 24,752-55 (Rau); Tr. 24,748-54, 24,756-57,
24,769-71 (Wachob); LILCO Exs, B-33 - B-38,

B-21, The County contends that there is insufficient evidence of
the properties of EDG 101 and 102 blocks to conclude that they are
superior to the original EDG 103 block. In essence, the County asserts
that to reach conclusions about the material strength of the blocks of
EDGs 101 and 102 compared to that of the original EDG 103, the material
of &)1 three blocks must be properly evaluated., Anderson, ff, Tr,
25,564, at 172. The County does not tell us what a proper evaluation
would be, but alleges that there is insufficient evidence of any actual

block material properties of EDGs 101 and 102, because:
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0 FaAA examined only a small area of each block top,

0 wichin the same block the cast iron properties may vary widely

due to the presence of trace elements in certain areas,

0 a meaningful analysis of the material properties of a cylinder
block would require metallurgical examination of numerous

sample areas of the block,

0 FaAA assumed the block to be homogeneous,

0 FaAA assumes the materials of the EDG 101 and 102 blocks are

at least as strong as "typical" material.

1d. at 171-172,

B-22. The metal samples tested were cut from identical sites on
each of the EDG 101, 102, and original 103 block tops: the block top
corners adjacent to cylinders no. 4 and 5 on the exhavst side and the
crotch between cylinders no. 4 and 5 on the exhaust side. Tr,
24,738-39, 24,941-44, 26,651-52 (Wachob, Rau); Tr. 24,951 ‘Wachob). On
the replacement 103 block, one metal sample was taken from the exhaust
manifold adjacent to cylinders no, 4 and 5. Tr., 24,951 (Wachob),
Various metallographic preparation procedures were employed to examine

the samples, and the results were evaluated and compared to assure that
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mechanical testing performed on the original EDG 103 block confirmed
that, at a range of depths beneath the block top, extensive
Widmanstaetten graphite was present. Thus, each lucation sampled,
including the identical locations sampled in the EDG 101 and 102 blocks,
confirmed that the sample locations were representative of the
microstructure of the entire block. McCarthy et al., ff. Tr. 24,372, at
32; Tr. 25,063-65 (Rau); Tr. 24,743-45, 26,651-53 (Wachob, Rau); Tr,
24,745-47, 24,949-50 (Rau, Wachob); see LILCO Ex. B-39; see also Tr.
24,612-15 (Wachob).

B-24. SC witness Anderson asserted that FaAA's sampling technique
did not provide sufficient evidence that all portions of the EDG 101 and
102 block tops have typical gray cast iron microstructure. Anderson et

t al. (Rebut), ff. Tr. 26,326, at

al., ff. Tr. 25,564, at 171; Anderson
1; Tr. 25,552-53 (Anderson). He based that opinion, in part, on his
belief that the material of each block is not homogeneous. However, Dr,
Anderson's opinion is entitled to little weight since he offered no
independent metallographic evaluation of the Shoreham EDGs to refute
either (1) the principle that these large blocks would have a virtually
uniform cooling rate and therefore be homogeneous, or (2) FaAA's testing
of several samples of each, which indicated that the blocks have a
virtually uniform microstructure. Also unpersuasive is Dr. Anderson's
testimony that the samples are not reliable because they are not a
significant portion by weight of the entire block. As LILCO and Staff

witnesses agreed, reliability is assured by sample location, not sample

R R
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weight. Tr. 24,756-57 (Rau); Tr. 24,745-46 (Rau, Wachob); Tr. 26,651-53
(Rau, Wachob). Compare Anderson et al. (Rebut), ff. Tr. 26,326, at 1
with Tr, 26,032-33, 26,287-88 (Bush); Tr. 26,651-53 (Wachob, Rau). In
fact, Dr. Anderson subsequently agreed that sample location is a more

important factor than the sample weight. Tr. 26,649-51 (Anderson).

B-25. The County also argues that the results of tensile strength
measurements of test B-bars cast with the blocks of EDGs 101 and 102
cannot be used to infer the tensile strengths of the EDG 101 and 102
biocks, because there is no independent proof that the blocks of EDGs
101 and 102 do not contain Widmanstaetten graphite, because the sampling
was inadequate. SC PF Cylinder Blocks, at 31, 33, The County says it
is particularly uncomfortable with the lack of thoroughness of FaAA's
examination in view of the fact that Dr. Wachob (FaAA's witness) could
not affirm that FaAA found no evidence of Widmanstaetten graphite in the
EDG 102 block. Id. at 33. LILCO, however, asserts that metallographic
testing of the EDG 101 and 102 blocks demonstrates that they have a
normal microstructure for Class 40 gray cast iron, and the B-bar tests
exceed the minimum strength requirements for Class 40 gray cast iron,
therefore the strength of the blocks also exceeds the minimum
requirements for Class 40 gray cast iron. Tr, 24,642, 24,770-72 (Rau).
We recognize the importance and the difficulties of extrapolating from
B-bar results to the large castirgs (e.g., because of differences in
cooling rates), but despite the County's uncomfortableness, find that

there is reasonable assurance that the EDG 101 and 107 block materials
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at least meet the minimum strength requirements for Class 40 gray cast
iron and clearly are superior to the material of the original EDG 103
block.

B-26. The County also argues that the cracking in the EDG 101 and
102 blocks is sufficiently similar to the cracking in the EDG 103 block
prior to its replacement to rebut LILCO's claims that EDG 101 and 102
blocks possess superior metallurgical properties. SC PF Cylinder
Blocks, at 34, We do not agree that whatever similarity exists
overrides the persuasive evidence from metallurgical and metallographic
analyses that are consistent in showing the superiority of the EDG 101
and 102 block material; e.g., the difference in microstructure, LILCO
Exs. B-35, B-36 and B-37, and the fatigue crack growth rate measured for
a sample of material taken from the original EDG 103 block. LILCO Ex.
B-44.

B-27. The B-bar test for the EDC 103 replacement block indicated a
UTS of 54 ksi, which is well in excess of the specified Class 45
requirement, and, indeed, in excess of requirements for Class 50 gray
cast fron. Tr, 24,764-69 (Rau, Wachob). Since FaAA's metallographic
testing confirmed that the replacement block has a normal micro-
structure, similar to that of the B-bar, the B-bar test results may be
relied upon to indicate that the strength of the replacemert block
exceeds the requirements for Class 45 gray cast iron, McCarthy et al.,




ff. Tr. 24,372, at 36-38, 41-42, €9-70; Tr. 24,767-69, 28,849 (Rau); Tr.

24,951-52 (Wachob); see LILCO Ex. B-42,

B-28. Based on the foregoing, we believe that indeed the

Widmanstaetten graphite severely degraded the original EDG 103 block and
was a large contributor to the extensive cracking found after the
endurance testing. Further, we accept the analysis of FaAA concurred in
by Dr. Bush that there is sufficient evidence to support a finding that
ENG 101 and 102 blocks are free from the extensive Widmanstaetten

graphite that degraded original EDG 103 block.

D, Block Stress Analyses

B-29. The primary loadings that influence block cracking result
from the stud preload, thermal stresses, and pressure stresses
associated with cylinder firing during operation. To quantify these
stresses, strain gauge measurements were made on the original EDG 103
block to evaluate the total stresses developed in the block tip region,
McCarthy et al., ff, Tr, 24,372, at 15-16, 22-22, 27; Tr. 24,511
(Youngling); see also LILCO Exs. B-22, B-23,

B-30. The recorded strain gauge data were used to compute the
stresses at the locations on the blocks where the gauges were placed

and, in conjunction with finite element analyses, to compute the
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stresses present elsewhere in the block top. McCarthy et al., ff, Tr.

24,372, at 27-28; see LILCO Exs. B-02, B-26 - B-31; Tr. 24,518 (Wells).

B-31. FaAA conducted two-dimensional and three-dimensional finite
element stress analyses of the block top. The results of these analyses
were used to determine scale factors that conservatively relate the
stress at the location of strain gauge no. 13, located between the
cylinder heads nos. 5 and 6 in the stud-to-stud region, to the stresses
at the edge of the stud holes where ligament and stud-to-stud cracks
have been observed to initiate. McCarthy et al., ff. Tr. 24,372, at
42-44; Tr. 24,650, 24,724 (Rau); see LILCO Exs, B-22, B-27, B-30, B-45 -
B-48.

B-32. Three mechanisms of crack initiation were identified that can
act separately, or in combination, in the block top. They are (1) Tow
cycle fatigue, associated with the stress range developed during
start-up to high load levels, (2) high frequency fatigue, associated
with stress variations -esulting from cylinder firing during operation,
and (3) overload rupture asscciated with the highest tensile stress
resulting from a combination of pressure, thermal, and preload stresses.
McCarthy et al., ff, Tr, 24,372, at 44-44; Tr, 24,690-95 (Wells, Rau).

B-33. To ascertain whether fatigue crack initiation was possible in

blocks with minimum typical materials properties for Class 40 cast iron,

the stresses calculated from FalA's conservative finite element analyses
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cracking in only a few loading cycles, yet stud-to-stud cracks have not
initiated in the EDG 101 or 102 blocks despite extensive high load
service. Tr. 24,648-51 (Rau); Tr. 26,062, 26,065-66, 26,291-92 (Bush);
Tr. 24,654 (McCarthy); see LILCO Exs. B-16, B-17.

E. Ligament Cracks

R-36. Ligament cracks in the EDG blocks appear to be caused by
operation of the EDGs, i.e., the loads tc which the engines are
subjected and the time at these loads. McCarthy et al., ff. Tr. 24,372,
at 22-23; Anderson et al., ff. Tr, 25,564, at 181. FaAA's analysis
concluded that the cracks result from the interaction of stresses
imposed on the cylinder blocks by a number of forces including (1) the
preload forces derived from clamping of the cylinder heads to the block
tops by the cylinder head stud nuts; (ii) the thermal loads derived from
temperature differences in the cylinder liner, cylinder block, cylinder
head and cylinder head studs; and (111) the firing pressure loads
derived from gas pressure in the combustion chamber. The interaction of
all these loads is very complex. McCarthy et al. ff. Tr, 24,372 at
22-26. LILCO and the Staff assert that ligament cracks are benign
because they are unlikely to propagate deeper than 1} inches and, even

if they propagated deeper, they would at most cause minor cooling water

leakage that would not affect continucd operation of the engine, Tr,

26,271-74 (McCarthy); Tr. 25,930-32 (Berlinger). The Courty 1s not
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persuaded that the risk of ligament cracks propagating to the point of
EDG failure during a LOOP/LOCA is so small that it is acceptable,

B-37. LILCO bases its conclusion on considerations of material
properties, operating experience, finite element stress analysis, strain
gauge measurements, detailed knowledge of dimensions and geometry of the
blocks and expert opinion. As discussed in Section 11I, above, we have
found that the material properties of the blocks are sufficiently well
known to conclude that the ultimate tensile strengths of the EDG 101,

102 and replacement 103 blocks meet or exceed thuse for Class 40 gray

cast iron,

B-38. Testing of the EDG 102 resulted in no discernible crack
propagation following 100 consecutive fast starts, including three fast
starts to full load in less than 60 seconds in accordance with FSAR
requirements. McCarthy et al., ff. Tr, 24,372, at 15, After more than
1000 hours of operation, including more than 350 hours at or above 3500
kw, none of the ligament cracks on the EDG 101 or 102 blocks propagated
onto the cylinder liner landing or extended deeper than 1.5 inches in
the stud hole counterbore, 1d.; Tr, 24,404 (Johnson); Tr, 24,507-08
(Schuster, Wells); Tr, 28,821 (Rau); see LILCO Exs. B-13, B-14, B-16,
B-19; see also Tr. 24,399-400 (Schuster, Johnson); Tr, 24,505-06
(Youngling). No 1igament cracks on the original EDG block extended onto
the cylinder liner landing, but one crack adjacent to the three inch

deep stud-to-stud crack between cylinders no, 4 and 5 extended to a
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B-41. There are additional observations that bear on the
-onclusions that can be drawn from the results of stress analysi
example, there were only three strain gauge locations, all on the

surface of the original block, from which stresses throughout the bl

. Ha oa "
jeduced from the finite element stress analysis. McCarthy et a

The Staff woul

normally

expect the highest S5Ses occur during a fast startup

the EDGs and believed that stresses are normally greater in emergenc

diesels because of the quick start feature, but FaAA's strain gauge

and stress determinations indicate that such stresses are not higher
it steady state operation. T 26,294-95 (Berlinger)

The Staff also had reservations about the way in which FaAA
accounted ~ the thermal gradient occurring during a "cold’ tup
for the pulsating thermal gradient resulting from firing in
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however, and therefore must consider the consequences of such a

circumstance.

B-45, Both LTLCO and the Staff agreed that a ligament crack could
lead to seepage of water from the coolant jacket to the stud hole if it
propagated at least 24 inches deep on the liner side and traversed to
the stud hole. Tr. 26,055-56 (Henriksen); Tr. 24,459 (Wells). See
Staff Ex. D-9. No party provided any definitive analysis of how much
leakage could be expected. It is obvious that this would depend on the
number of cracks and their width and extension. The County asserts that
coolant could leak rapidly because the coolant water is under pressure.
Christensen and Eley, ff. Tr. 25,564, at 153. The normal pressure is 25
psi. Tr. 25,490 {Johnson). LILCO and the Staff agree that any coolant
water leakage would be minor and would not cause an operational problem.
Tr. 24,459, 25,210-11, 25,231-32 (Wells); Tr. 25,238 (McCarthy); Tr.
25,232 (Youngling); Tr. 26,055, 26,187 (Henriksen), Staff Exs. 9 and 10.
If coolant leakage did occur, a loss of 20 gallons would cause a Tow
level water alarm. Tr. 25,232 (Youngling). Virtually unlimited makeup
coolant water could be added to an engine during operation through a 1.5
inch water pipe capable of delivering 70 gpm from storage tanks having
capacities of 100,000 and 600,000 gallons. Tr. 25,272 (McCarthy); Tr.
25,492 (Youngling); Tr. 26,188 (Henriksen). Even at 70 gpm (which is
far greater than seepage) the tank storage would last for a week and
could easily be augmented. Thus, we conclude that for any credible

leak, even though unlikely, the cooling water system would not be
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depleted and that continued EDG operation would not be affected. Tr.
26,189 (Henriksen).

B-46. We conclude that there is reasonable assurance that ligament
cracks will not initiate and propagate sufficiently to impair the

performance of the EDGs.

F. Stud-to-Stud Cracks

B-47. Although no stud-to-stud cracks have been observed on the EDG
101 and 102 blocks, the initiation and propagation of such cracks must
be considered for at least two reasons. Such cracks did occur in the
original EDG 103 block (although its material properties were admittedly
markedly inferior) and at least the possibility of such cracks is
predicted by use of finite element stress analysis and Goodman diagrams
for low cycle and high frequency fatigue at load levels of 3150 kw and
above and possibly below. LILCO Exs. B-49 and B-50. Tr. 24,705 (Rau);
Tr. 24,707-08 (McCarthy). LILCO, therefore, assumed the presence of
such cracks in the EDG 101 and 102 blocks and did an analysis to
determine the effect on the performance of the EDGs during a LOOP/LOCA.

B-48. Since the Goodman diagrams do not predict the rates of crack
propagation, FaAA performed a cumulative fatigue damage analysis to
bound the rate of crack propagation in the EDG 101 and 102 blocks.
McCarthy et al., ff. Tr. 24,372, at 48. The starting point of the



analysis is a calculation, based on FaAA's strain gauge measurements, of
the different stress ranges imposed on the original EDG 103 block by the
various power levels of the engine during the qualification testing
between March 11 and April 14, 1984, Tr. 24,694 (Rau). The analysis
relates that operating profile to the cumulative damage (crack growth)
actually experienced during that testing. Id. The block experienced a
maximum crack extension of one and one-half inches, with the deepest
stud-to-stud crack extending to a maximum depth of three inches on the
exhaust side between cylinders nos. 4 and 5). McCarthy et al., ff. Tr,
24,372, at 53. The reason that this crack was considered in the
cumulative damage analysis, rather than the 4.4 inch stud-to-end crack
at cylinder no.l, was because there was even more margin (for the 4.4
inch crack) between the required LOOP/LOCA cumulative damage and that
which had been demonstrated by the performance of the original 103 block
during the test period, due to the different stresses present. Tr.
24,811-13 (Rau). The analysis then calculates the cumulative damage
predicted to result from a LOOP/LOCA load profile. Tr. 24,694-95 (Rau);
McCarthy et al., ff. Tr. 24,372, at 49-52. These calculations take into
account the crack growth rate dependence on the material properties.

Tr. 24,693 (Rau).

B-49, FaAA's calculations showed that the cumulative damage to
which the original EDG 103 block would have been exposed during a
postulated LOOP/LOCA event would have been about two thirds of the
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cumulative damage actually sustained during the qualification testing.
McCarthy et al., ff. Tr, 24.372. at 52-53. Its cumulative damage
analysis of the EDG 101 and 102 blocks indicated that the cumulative
damage predicted for these blocks during a postulated LOOP/LOCA load
prof11e§/ s less than two percent of the damage sustained by the
original EDG 103 block during the qualification testing. Id. at 53-54,
From this result, FaAA inferred that the EDG 101 and 102 blocks can
withstand 50 cunsecutive "3900/3500 kw" LOOP/LOCAs before accumulating
the same amount of fatigue crack growth experienced by the original EDG
103 block that did not affect its operation during the test period. Tr.
25,313-14. Further, FaAA found that the crack propagation rate is 3.5
times slower at 3300 kw than it is at 3900 kw and a crack would require
20 percent more time at 3300 kw than at 3500 kw to propagate an equal
amount, Tr, 28,904-05 (Rau).

B-50. Suffolk County finds the FaAA cumulative damage analysis to
be unreliable. LILCO finds the analysis to be conservative. We proceed

to examine their bases.

B-51. The County would have us find that the evidence does not

establish that the physical properties of the blocks in EDGs 101 and 102

8/ The load profile assumed was 0.2 hours at 3,881 kw, 0.8 hours at
3,409 kw and 167 hours at 2,617 kw.



are superior to EDG 103. SC PF Cylinder Blocks, at 30. In Section III
we have already concluded that this is not the case. The superiority is
dramatically portrayed in LILCO Ex. B-40, which lists the differences in
ultimate tensile strength; Ex. B-42, which portrays the differences in
cyclic strain amplitude; Ex. B-44 which portrays the differences in
fatigue crack growth rate; and in the differences in microstructure
illustrated in Exs. B-33, B-34, B-35, B-36, B-37 and B-38, not to
mention the differences in crack frequency and character actually
observed for similar operating experience. LILCO Exs. B-16, B-17, B-18.
See also Tr. 29,079 (Bush).

B-52. The County would have us find that the evidence is
insufficient 1o establish that the load excursion (during qualification
testing of the original EDG 103) caused additional damage to the EDG 103
block, or that that damage would not have been disabling. SC PF
Cylinder Blocks, at 35. As support, the County implies that the FaAA
analysis incorrectly assumes rapid crack growth rate during the
excursion. Although he couldn't quantify it, Dr. Bush was convinced
that the load excursion was a major contributor to such crack growth,
Tr. 29,039-40 (Bush). In fact, the analysis attributes all crack growth
during the qualification test period to fatigue and does not take credit
for any rapid crack propagation that might have occurred during the
unusual load excursion. Tr, 29,076-78 (Bush). See also, McCarthy et
al., ff, Tr. 24,372, at 19-20, 57-58; Tr. 25,324-25, 28,831-33,
28,896-99 (Rau).
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B-53. The County challenges the LILCO position that the original
EDG 103 was likely to continue to function with the three-inch
stud-to-stud crack. SC PF Cylinder Blocks, at 36. We agree with the
County that we do not have an evidentiary basis for predicting how long
the engine would have continrued to function under this circumstance. We
find it irrelevant, however, because the evidence is strong that the EDG
101, 102 and replacement 103 blocks will not encounter this situation.
We also note that during the 30 to 45 minute test operation of the
original EDG 103 at 3830 kw, a strain gauge placed to detect changes in
the stud-to-stud crack opening, before the load excursion, indicated no
increase, implying no increase in the depth of the crack. McCarthy et

al., ff. Tr. 24,372, at 19; Tr. 24,626 (Wells, Youngling); Tr. 24,515

(Youngling).

B-54. The County does not address the nine specific conservatisms
that LILCO Tists in its proposed findings; it simply states that it does
not agree that all of them are valid bases for describing the analyses

as conservative for reasons discussed elsewhere. SC PF Cylinder Blocks,

at 39,

B-55. The County asserts that the Staff witness (Dr. Bush) appears
to have no confidence in the analvsis because he testified that he would
stop engine operation if any stud-to-stud crack existed in EDGs 101 or
102. This sericusly distorts Dr. Bush's complete position on the

analysis (although we aaree that should stud-to-stud cracks occur in EDG
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101, 102 or replacement 103 blocks, operation should not continue
without thorough reassessment). Although Dr. Bush would have performed
the analysis differently, he agreed that FaAA's methodology was
conservative. Tr. 26,228, 26,313, 29,077-78, 29,094-95 (Bush).

B-56. The County attacks the validity of the analysis because LILCO
asserts that the analysis purports to analyze the worst crack extension
in the original EDG 103 during the qualification testina, but it ignores
the 43 inch crack running down the block front at cylinder no. 1. SC PF
Cylinder Blocks, at 40. In fact, FaAA did consider the stud-to-end
crack from cylinder no. 1 and demonstrated by cumulative damage analysis
that propagation of this crack during a postulated LOOP-LOCA would be
less than that for a stud-to-stud crack. Tr. 24,0308, 24,811-13

(Johnson, Rau).

B-57. The County asserts that crack dynamics are affected by the
sequence of loads as well as load duration and the analysis fails to
account for that fact, SC PF Cylinder Blocks, at 41, It is correct
that the analysis model did not take into account the relative sequence
of the different power levels. The uncontroverted testimony, however,
is that unless there are enormous differences in the magnitude of the
stresses (such as on an airplane wing bouncing up and down in wind

gusts) there would be no significant difference (in the results of the

analysis resulting from a difference in the order of the sequence of

loads). Tr. 24,818 (Rau).




-45-

B-58. The County asserts, "most importantly,” that FaAA lacked
significant information about the behavior of the original EDG 103 that
is vital to valid predictions of behavior of the other blocks. SC PF
Cylinder Blocks, at 41. The County then lists a series of questions it
asked in its prefiled testimony. Anderson and Bridenbaugh, ff. Tr,
25,564, at 169-70. It claims that FaAA failed to provide any
satisfactory answer to the concerns raised by the County. SC PF
Cylinder Blocks, at 41, The questions the County asked relate to when

cracks initiated in each of the three blocks and, of course, cannot be

answered post facto.

B-59. The County's "greatest concern" is “"that no one knows when
the cracks started and how fast they grew." 1d. at 43. The County
therefore concludes that no cne can reliably predict how they will
behave in the future. The whole point of the cumulative damage
benchmark analysis was to relate the observed damage between two known
times to the known load profile and resulting stress history. See
discussion below, The analysis was a non-linear one., The County's
overly simplistic exercise of adding up total depth of cracks serves to
emphasize that SC's witnesses performed no independent cumulative damage
analysis on the blocks and have no experience in performing such
analyses, Tr, 25,637-39 (Anderson); Tr. 25,639-42 (Bridenbaugh,
Christensen, Eley, Hubbard)., S5C's principal witness on cumulative
damage did not review FaAA's cumulation damage calculations, Tr,

25,637-38 (Anderson). By not limiting its analysis and not taking



credit for variations in crack growth rates at various points in time
due to load sequencing, FaAA actually increased conservatism in its
cumulative damage analysis. McCarthy et al., #f. Tr. 24,372 at 57-58;
Tr. 25,324-25, 28,831-33, 26,897-99 (Rau).

B-60. The cumulative damage mode! was not based on inadequate crack
propagation data. FaAA used accurate data obtained by direct testing on
the original EDG 103 block and on Class 40 gray cast iron with a normal
thick-section microstructure 1ike that present in the EDG 101 and 102
blocks. Tr. 28,828-30 (Rau, Wachob); Tr. 29,071-73, 29,118 (Bush); see
LILCO Ex. 6-44, FaAA did not rely upon imprecise crack measurements.
The deepest crack at the beginning of the benchmark period was measured
by eddy current to be between 1.4 and 1.6 inches. Tr. 28,823 (Johnson) .
The deepest crack after the load excursion was accurately determined to
be 2.8 to 3 inches by destructive sectioning and four independent NDE
techniques. Tr. 28,825-27 (Rau); McCarthy et al., (Supp.), ff. Tr.
24,372, at 10, In any event, assuming a final crack size of three
inches, whether it started at 1.6, 1.4 or 1.0 inches, the conclusions
won't change and the numbers will nct change significantly. Tr, 25,316
(Rau) .

B-61, It 1s not necessary to identify when 1igament or stud-to-stud
cracks initiated, because the cumulative damage analysis (for prediction
of crack growth) does not take credit for the time required for crack

fnitiation. Rather, the analysis begins with the conservative
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ff. Tr, 28,799, at 12; Tr. 28,810-11, 28,884-88, 28,853-54 (Rau); Tr.
29,052-53 (Bush); LILCO Exs, B-13, B-14, B-42; see also Tr. 29,129
(Bush).

B-64, Following any operation of EDGs 101 or 102 at loads greater
than 1800 kw, the block tops will be inspected visually and by eddy
current to detect any stud-to-stud cracks, Attachment 1, Block Top
Inspections; Staff Ex. 14, at 25;2/ Tr. 29,098 (Bush); Tr. 25,697-98
(Berlinger). If a crack is detected the engine will be removed from
service and the crack evaluated. If the crack is not more than 1.5
inches deep, LILCO believes that the EDG remains acceptable for
emergency standby service, because the cumulative damage analysis has
demonstrated a margin of at least 50 consecutive LOOP/LOCAs even
assuming the existence of a 1.5 inch deep crack, McCarthy et al., ff,
Tr. 24,372, at 71. The Staff acknowledges that FaAA's cumulative damage
analysis provides a conservative bound on crack growth rates, but
nevertheless Staff believes that if a stud-to-stud crack initiates,
further analysis skould be conducted before the EDG is returned to
service. In its view, continued operation without repair of such a
crack in normal quality cast iron would not be justified. The presence

of such a crack would indicate that the current analytic techniques

Ll staff Ex. 14 is the marked up version of Dr, Bush's testimony, which
was initially bound intc the record following Tr. 28,503. See Tr.
29,020,



do not accurately mode! crack initiation and growth. Bush and
Henriksen, ff. Tr. 25,775, at 29a - 30; Tr. 29,076-78. The Board agrees
with the Staff and orders that any license authorizing operation of the
TDI EDGs 101 and 102 be conditioned to require the additional analysis

upon discovery of a stud-to-stud crack, prior to continued operation,

B-65. The County contends that a deep stud-to-stud crack could
cause loosening of the cylinder head studs, causing loss of power and
overloading of the remaining cylinders, causing engine failure.

Bridenbaugh et al., ff. Tr. 25,564, at 165. LILCO asserts that a

stud-to-stud crack would not be disabling to the EDG even if it

propagated more deeply than LILCO predicts. The worst consequence LILCO

could envisifon from a stud-to-stud crack would be loosening of one
cylinder head stud, which would not be a problem because there are seven
other s.uds to hold the cylinder head down. Tr. 25,234-37 (Wells)., The
County was also concerned about coolant leakage. According to LILCO, a
stud-to-stud crack cannot realistically get to the water coolant area.
Tr. 25,236 (Wells); 25,238 (McCarthy). Such a crack would have to be
six or seven inches deep to sever the structural material. Tr, 25,234
(Wells). In that case, there would be some loss in the ability of the
block top to withstand the bending moment caused by the support of the
cylinder heads on the block top. Two mitigating factors limit the
consequences of such a crack: the presence of cylinder compartment webs

and the strength of the heads themselves., Tr., 25,235-37 (Wells),




B-66. The County thinks it is pertinent that LILCO had not
undertaken an analysis of the effects of extensive stud-to-stud
cracking. SC PF Cylinder Blocks, at 50, We find, however, that based
on the expert testimony of both LILCO and the Staff such an analysis is
not necessary. Extensive stud-to-stud crac.ing is very unlikely, Tr,
25,234-37 (Wells); Tr. 26,189-90 (Henriksen, Bush, Berlinger). We also
note that LILCO will perform eddy current testing between adjacent
cylinder heads after any operation of EDG 101 or 102 at greater than
1800 kw. Attachment 1. See Section I, below.

B-67. We conclude that there is reasonable assurance that
stud-to-stud cracks will not initiate and propagate sufficiently to

impair the performance of the EDGs.

G. Circumferential Cracks

B-68., The County would have us find that the possibility of
circumferential cracks renders the EUGs 101 and 107 unfit for nuclear
service. SC PF Cylinder Blocks, at 52, LILCO would have us find that
circumferential cracks are not present and will not impair EDG operation
if they initiate, LILCO PF, Cylinder Blocks, at 20, Such cracks, at
the juncture of the cylinder counterbore and the cylinder liner landing
(see Figure 1), were found in the original EDG 103 block sometime after
August 14, 1984, Rau and Wachob (Supp.), ff. Tr, 24,372, at 11,

According to LILCO, the cracks were "very shallow,” extending a maximum
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circumferential crack detection because they are not affected by
deposits collecting in the corner or on the cylinder liner counterbore.
Tr. 24,449.50 (Schuster); Tr, 26,692-93, 26,871-72 (Rau); Tr, 28,816
(Johnson); Tr, 28,872-73 (Schuster).

B-71. The Staff originally testified that it had no confidence that
the EDG 101 and 102 blocks did not have circumferential cracks. Bush
and Menriksen, ff, Tr, 25,775, at 709; Tr. 26,020, 26,155 (Bush). Or,
Bush originally misunderstood the procedure used by LILCO in its
ultrasonic testing, Tr. 26,874-75 (Bush). He later agreed that the UT
procedure used by LILCO was technically feasible for detecting

circumferential cracks, Id.

B-72. SC does not belfeve LILCO's non-destructive examinations of
EDG 101 and 102 blocks, for circumferential cracks should be considered
relfable, and therefore the Board should conclude that EDGs 101 and 102
should be assumed to have circumferential cracks., SC PF, at 53-54.
Regardless of any difficulty with dye penetrant testing, the results of
the most recent penetrant testing (after careful cleaning) and of the
reliable ultrasonic testing indicate that no circumferential cracks are
present in the EDG 101 and 102 blocks, SC offers no evidence to the

contrary,

B<73, Even {f circumferential cracks were to develop in the EDG 101
and 102 blocks, they would not affect the suftability of these EDGs for
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nuclear standby service, Tr, 28,813 (Rau); Tr. 26,020 (Bus -,
Berlinger); Tr. 26,023 (Bush); Staff Ex. 14, at 25-26. FaAA
conservatively assumed the presence of circumferential cracks 360°
| around each cylinder, and analyzed these cracks using the results of its
finite element stress analysis. These analyses indicated that such
circumferential cracks would slow in propagation rate, arrest, and
therefore not impair EDG operation. McCarthy et al. (Supp.), ff. Tr.
26,372, at 12-14; Tr. 28,812-13 (Rau). Specifically, the analyses show
| that 1f a crack initiated, it would propagate from the corner at an
i angle of 45° and would arrest within 0.4 inch when the stresses become
l fully compressive. Tr. 25,100, 25,343-45, 28,819 (Rau); McCarthy et al,
| (Supp.), ff. Tr. 24,372, at 13. This conclusion is strongly supported
by the experience with the inferior EDG 103 block, which operated more
than 1200 hours, including more than 400 hours at or above 3500 kw,
wherein the circumferential cracks did not propagate to a depth beyond
3/8 inch and did not impair engine operation. Id. at 13.

B-74. Although Dr. Bush testified that he would not be surprised if
circumferential cracks initiated in the FDGs, he concluded, based on his
engineering judgment, that the stresses decrease rapidly with distance
fnto the block top and move into a compressive stress field. Tr.
26,021, 26,149-52, 26,225, 26,279 (Bush). Me also concluded that this
compressive stress field 1s strong enough so that circumferential

cracks, 1f they initiate, will not propagate to the point that they
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impair engine operation. Bush et al., ff. Tr, 25,775, at 8; Tr.
26,019-21 (Bush).

B-75. SC witness Anderson testified that he observed multiple,
small, disconnected cracks branching out below the tip of the 3/8 inch
circumferential crack on the original 103 block, aid that he did not see
extensive amounts of Widmarstaetten graphite in the sampie he examined
from the original EDG 103 block. Anderson et al., ff. Tr, 25,565, at
11-12. Neither Dr. Rau nor Dr. Wachob, LILCO consultants from FaAA,
observed any branching cracks. Tr. 25,096 (Rau, Wachob). Dr,
Anderson's observations many have been urreliable because they were made
on a rough cut surface that had not been metallographically polished.
See Tr. 26,354 (Anderson); Tr, 25,097-98 (Rau, Wachob); Tr, 26,666
(Rau). Complete, accurate and detailed examination of gray cast iron
requires careful metallographic polishing because flakes of graphite are
broken out of the iron when it is cut, leaving artifacts which appear as
shallow holes or trenches in the surface of the iron. Tr., 26,663-64
(Anderson); Tr. 26,666-68 [Rau). These artifacts make it impossible to
draw reliable conclusions about the presence or size of cracks or the
amount of Widmanstaetten graphite present. Tr, 25,097-98, 25,138-40,
26,666 (Rau). Liquid penetrant, magnetic particle and eddy current
testihg of the sample examined by Dr. Anderson established that there
were ») cracks deeper then 3/8 inch. Tr, 25,139-40, 26,667 (Rau).
Because Dr. Anderson's only basis for concluding the circumferential

crack in the original EDG 103 block was propagating was his unreliable
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visual observation of branching cracks, Tr. 26,409 (Anderson), there is

no sound basis for his conclusion that circumferential cracks propagate.

B-76. SC's witnesses also testified that the development of a large
circumferential crack could permit some up and down movement of the
cylinder liner against the gasket that seals the liner to the cylinder
head. They postulated that this could cause leakage of combustion gases
into the jacket water, and that crack propagation through the liner
landing would cause the cylinder liner to fall into the crankcase.
Anderson et al., ff. Tr. 25,565, at 13; Anderson et al., ff. Tr. 26,326,
at 3. This testimony, based on Dr. Anderson's incorrect and unsupported

conclusfon that circumferential cracks propagate, is not probative,

B-77. Even if crack propagation beyond 3/8 inch were assumed to
occur, SC's claim that combustion gases could escape into the cooling
water system is far-fetched. Tr, 26,216-17 (Menriksen). SC witnesses
have performed no calculations or analyses of stresses in the block top
to support their claim. Tr. 26,355, 26,370-71, 26,373-75 (Eley,
Anderson). Since at least one-third of the circumference of the liners
is supported by eight gusset-reinforced stud bosses, Tr. 25,100,
25,246-47 (Wells); see also LILCO Ex, B-9 and Staff Ex. 9, a
circumferential crack would have to propagate vertically four to five
inches to cause appreciable motion between the cylinder liner and the
block. The chances of this occurring are remote. !t contradicte both

the physical observations and FaAA's finite element analyses, which
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demonstrate cracks propagate at about a 45° angle, move into a
compressive stress field, and arrest, Tr, 25,095-96, 25,100-01,
25,246-47 (vells); Tr, 28,812-13, 20,819 (Rau); LILCO Ex, B-64,

B-78. Ever if combustion gases did leak, they would not necessarily
enter the water jacket because there is virtually no driving force to
push the gases into the cooling system. Tr. 26,217-19 (Henriksen).
Moreover, 1f combustion gases did enter the cooling system, they would 1
cause no operationa) problem because the gases would be released nto

the expansion tank., Tr, 26,718-19 (Menriksen),

B-79, SC's claim that the cylinder liner landing could separate
from the block, causing the cylinder 1iner to fall into the crankcase,
is improbable because, as noted previously, a crack would have to
propagate vertically four to five inches through the gusset-reinforced
stud bosses to cause the liner landing to separate from the block. If a
circumferential crack propagated at a 45" angle from the liner landing
through all the ligament material to the stud hole, it would still not
affect the ability of the block material to support the cylinder 1iner,
Tr. 25,100-02, 25,104-06 (Wells, Rau); see LILCO Ex, B-9,

B-80. The evidence supports the conclusion that the EDGs are

qualified for nuclear service, even if circumferential cracks should

fnitfate. McCarthy et al. (Supp.), ff. Tr, 24,372, at 17-14; Tr,
26,812-13, 28,818-19 (Rau); Bush and Menriksen, ff, Tr. 26,776, at 7;
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Bush, Staff Ex, 14 at 25-26; Tr. 26,020, 26,023 (Bush); Tr. 26,020
(Berlinger). LILCO and the Staff have agreed that a scheduled program
of monitoring the blocks for circumferential cracks 1s not required but
that LILCO will fnspect the block and 1iner landing area for
circumferential cracks in the event a cylinder liner is removed, Bush,

Staff Ex. 14, at 26, see Attachment 1. We agree that th's {s reasonable
and adequate.

B«81. We conclude that there 1s reasonable assurance that the
circumferential cracks will not initiate and propagate sufficiently to
fmpair the performance of the EDGs.

H 3 Rep! 1

B-82, The County would have us find that the evidence is not
sufficient to establish that the EDG 103 replacement block is reliable,
SC PF, Cylinder Blocks, at 61. LILCO believes the block {s capable of
performing 1ts intended function, LILCO PF, Cylinder Blocks, at 26.

The County and the State "do not challenge the adequacy of the
replacement block for EDG 103, 1f loads do not exceed 3230 kilowatts,
which assumes a maximum instrument error of plus or minus 70 kilowatts. "
Tr. 28,800 (Dynner),

B«B3. In spite of this statement of lack of challenge, the County
proceeds to challenge, regardless of power leve!, the adequacy of
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testing of the replacement EDG 103 block, The County accepts that the
design changes in the replacement block enhance fts strength over EDGs
101 and 102, it complains, however, that LILCO has provided no
quantitative analysis upon which 1t can measure that enhancement, SC
PF, at 2. We need no such quantitative analysis, however, since we find
both that the EDG 101 and 102 blocks are acceptable and that the EDG 103
roplacement block 1s superior; SC has provided no analysis or other
basis for concluding otherwise.

B-84, SC's stipulation that the replacement block 1s adequate at
3230 kw 15, for all intents and purposes, a recognition that the
replacement block 1s acceptable for nuclear service at the qualified
load of 3300 xw, LILCO Exhibit B30, which plots the principal stresses
vs. load recorded by strain gauges nos, 11«13, demonstrates that the
difference In stresses in the block between 3230 kw and 3300 kw 18
almost imperceptible. See LILCO Ex, B-30. Given that the difference in
stresses between 3230 kw and 3300 kw 15 insignificant even 1f a 70 kw
meter error 15 assumed and, further, given the evidence that the meter
actually provides a reliable mean load, and SC's stipulation, we
conclude that the replacement block 1s adequate for nuclear service at
the 3300 kw qualified load.

B«B5, Apart from 5C's stipulation, the evidence demonstrates the
replacement block 15 a proven design that has been adequately tested,
FaM's review of the replacement block shows that this block 1s o
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B<87, The acequacy of the design enhancements incorporated into the
replacement block has also been demonstrated by operation of the EDG 103
replacement block at Shoreham for more than 849 hours., The block has
been operated for more than 577 hours at or above 3300 kw, including
more than 70 hours at or above 3500 kw, without developing 1igament or
stud-to-stud cracks, Johnson et al., ff. Tr, 28,799, at 65-6. This
operation confirms that the design enhancements have reduced the
possibility of fatfque crack initfation, It 1s also a direct
demonstration that the replacement block has been adequately tested,
1d. at 8-9.

B-88, FaAA's cumulative damage analysis also demonstrates that the
replacement block 1s capable of performing 1ts intended function,
FaM's conservative analysis of the EDG 101 and 102 blocks at the
3900/3500 kw LOOP/LOCA loads has demonstrated that these blocks, which
have known 1igament cracks, can withstand 50 consecutive 3900/3500
LOOP/LOCAs, Since the replacement block has superior mechanical
properties and has not developed !igament cracks after operating at an
approximately equivalent number of hours as the EDG 101 and 102 blocks,
it has demonstrated even greater margin against fatigue cracking., Id.
at 8.9, McCarthy gt al., ff. Tr, 24,372, at 7071, Thus, the
replacement block will perform 1ts intended function at 3300 kw, as well
as at loads up to its overload rating (3900 kw) for brief periods of
time. Johnson et al., ff. Tr, 28,799, at 11-12; McCarthy et al., ff.
Tr, 24,372, at 75; Bush, Staff Fx, 14, at 24.25,
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B-89, We conclude that the replacement block for EDG 103 1s a
proven design, that it has been adequately tested and 1s acceptable.

1._T0I E0G Block Top Inspectionst!/

B-90. LILCO's commitments and Staff concurrence and recommendations
contemplate inspection criterfa that would be effective over many fue)
cycles. We are approving Shoreham operation for only one fue! cycle,
but nevertheless agree that certain inspections are required., The
presence of ligament cracks between the cylinder counterbore and the
stud holes increases the stresses present in the block top between the
stud holes (thereby increasing the possibility of stud-to-stud
cracking), McCarthy gt al., ff, Tr, 24,372, ot 69, Since EDGs 101 and
102 already have 1igament cracks, close survelllance 1s necessary,
Since EDG 103 has now had extensive operating experience at the
qualified load or higher, and no ligament cracks are present, eddy
current testing between adjacent cylinder heads of the £DG 103 block 1s
not required during the first fuel cycle. At the first refueling
outage, we are requiring the same block top inspection of EDG 103,
Including removal of two cylinder heads, as for EDGs 101 and 102, to

w Attachment |, which describes the agreement reached by LILCO
and t RC Staff,
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[11. CRANKSHAFTS

A. Summary and Introduction

C-1. As a result of changes in circumstances since the initial
litigation (in September and October 1984) of the contention challenging
the adequacy of the replacement crankshafts in each of the three TDI
EDGs at Shoreham, this once complex issue can now be resolved in a
relatively simple and straightforward manner for the first fuel cycle.
Rather than seeking approval for a design load of 3500 kw, LILCO now
proposes to operate the EDGs at a qualified load of only 3300 kw., Based
on the 10E7 cycle (745 hour) endurance run test of the EDG 103 replace-
ment crankshaft at and above 3300 kw, and the stipulation of the County
that it does not challenge the adequacy of the crankshafts for con-
tinuous operation up to 3300 kw (Tr. 28,417-18 (Dynner) and Joint Report
of Parties, dated February 8, 1985), there is no dispute that so long as
LILCO operates within the Timitations of the 3300 kw qualified load,
there is reasonable assurance that the crankshafts will not fail so as

to prevent the EDGs from performing their required safety function.

C-2. As set forth in the portion of this decision on the qualified
load contention, there is reasonable assurance that the EDGs will not be
operated at load levels in excess of 3300 kw in the event they are
needed during plant operation due to a loss of offsite power (LOOP),

even in the presence of the design basis loss of coolant accident



(LOCA). As also set forth in our qualified load findings, the

permissible surveillance testing (1 hour per month) load range of 3300 +
100 kw, will not result in a load which departs by either a significant
amount or for a significant time from the 3300 kw load. Moreover, even
if we make the highly unrealistic assumption that the operators do not
control the load, so that it is actually at 3400 kw throughout all of
the tests, this would still result in only approximately 18 hours (about
0.25 X 10E6 cycles) of operation before the crankshaft inspection during
the first refueling outage.lg/ For the reasons discussed in this
section, although we do not find the crankshafts acceptable for
unlimited continuous operation at 3400 kw, we do find that such
additional time of operation at loads between 3300 and 3400 kw that
might occur during testing is not likely to lead to failure of the

crankshaft in the absence of any prior damage indications.

C-3. In the face of disagreements between LILCO's experts and
those for the NRC Staff and the County about whether the crankshafts
were acceptable for the originally proposed continucus diesel rating of
35C0 kw, we granted LILCO's motion to reopen the record in order to
permit LILCO, inter alia, to conduct an "endurance run" test of the EDG

103 replacement crankshaft at 10E7 cycles (740 hours). LILCO chose to

12/ pye to the flexibility of + 100 kw which we permit for the
surveillance tests, we include EDG 103 in the first refueling outage
crankshaft inspections, as set forth at the end of this section.
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conduct this test at a "qualified load" of 3300 kw, as described in our
findings on the qualified load, taking credit for about 220 hours
previcusly run at 3500 kw or higher, and an additional 525 hours run
(between October 8 and November 2, 1984) at approximately 3300 kw. Dawe
et al., ff. Tr. 27,153, at 38-39; Pischinger et al., ff. Tr. 28,416,

at 5. Inspections of the crankshaft after this encurance run disclosed
no indications of damage. Pischinger et al., ff. Tr. 28,416, at 8.

This conscious choice by LILCO to conduct the test at 3300 kw limits the
qualified load to this value, regardless of any analyses by LILCO which
purport to support higher values. LILCC cannot seriously expect the
Board, in the face of the conflicting analyses, to be less prudent than
LILCO itself and permit a higher qualified load. LILCO PF Crankshafts
(April 4, 1985), 6-7. We do not intend criticism of LILCO's selection
of 3300 kw for the qualified load, since it is appropriate for LILCO to
have been prudently conservative in selecting a qualified load which we
find is as high as is needed for operational purposes through the first
fuel cycle, rather than risk crack initiation and cumulative fatigue
damage now or in the future due to extensive testing at an unnecessarily
high load. We do find, however, that the other analyses provide
reasonable assurance that operation for short periods of time, if
necessary, up to 3400 kw, will not result in fatigue failure of the

crankshafts.

C-4. The replacement crankshafts which are the subject of this

decision have a 13 inch diameter main journal and a 12 inch diameter
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the crankshafts do not comply with the DEMA recommendations for
torsional vibratcry stress, they are not acceptable. DEMA is a trade
association of American diesel engine manufacturers. Berlinger et al.,
ff. Tr, 23,126, at 10. Albeit in an obscure way, the DEMA
recommendations are the only ones referred to by an NRC regulatory
document. NRC Staff Regulatory Guide 1.9, Revision 2 (1979) (LILCO

Ex. C-3), which addresses the design of standby diesel generators,
states in general that conformance with the requirement of the Institute
of Electrical and Electronics Engineers (IEEE) Standard 387-1977, which
addresses the same subject as the Regulatory Guide, is acceptable for
meeting NRC Staff requirements. In turn, IEEE Std. 387-1977 (LILCO

Ex. C-4), Section 4 "Reference Standards," lists, as item [5], the DEMA
Standard Practices as one of the standards to which diesel generators
“shall conform to the applicable portions of". McCarthy et al., ff.
Tr. 22,610, at 11-12. Although not in evidence, the Board notes that
the updated IEEE Std. 387-1584 softens the required adherence to DEMA
(and the other section 4 references) by merely listing them under the

label "4, References" with no exhortation of conformance,

C-6. The DEMA recommendations for allowable crankshaft vibratory

* 9 *

stress (LILCO Ex., C-14, at 54-55) state:
|

In the case of constant speed units, such as generator sets,
the [design] objective is to insure that no harmful torsional
vibra:ory stresses occur within five percent above and below
ratea speed.
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summation of the major orderc i35 about 25 years old. Modern methods of
summation o the complex dyramic ~ctions of the orders utilize the
vector summation of the first 24 orders, with each order measured at 1/2
amplitude, i.e., one-half peak to peak amplitude, from the one-half
order to the twelfth order (i.e., the sine wave which varies twelve
times for each engine cycle of two crankshaft revolutions). This modern
approach is the one gererally used to assess the crankshaft stress
values under other calculational methods. E.g., Tr. 23,326-27, 23,49,
23,250-53, 23,283-86 (Sarsten); Tr. 22,798 (Pischinger).

C-8. LILCO's witnesses maintain that the proper approach is to use
the methods in existence when the DEMA value of 7,000 psi was
established, which, among other differences with more modern methods,
would sum only the most significant four or six orders. Tr. 22,729-30,
22,832, 23,018-19 (Chen); Tr. 22,851-53 (Johnston). Dr. Chen, using six
orders, calculated that the stress was well below 7,000 psi at 3500 kw
for the synchronous engine speed of 450 rpm, as well as for the 5
percent underspeed (427.5 rpm) and 5 percent overspeed (472.5 rpm)

values, as follows:

Engine Speed (RPM) Nominal Stress (PSI)
427.5 6232
450 5101

472.5 5673
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McCarthy et al., ff. Tr. 22,610, at 29-30. Dr. Chen also summed twelve
orders at 3500 kw as a further conservatism, in his view, with the

caiculated stress result of 6020 psi at 450 rpm. LILCO Ex. C-18, at 10.

C-9. We are willing to accept the fact that Dr. Chen is
knowledgeable about how compliance with DEMA standards was calculated in
the past. However, the DEMA standards use of "major orders" is vague,
the standards are old, the reference tc it in the 1977 IEEE Std. 387 was
general and not prominent to begin with, and any exhortation of
compliance with DEMA standards has been removed in the 1984 IEEE
Std. 387. LILCO produced no direct interpretation from DEMA of how it
should be applied today, apparently because the nature of the collegial

DEMA organization provides no mechanism for giving one. Tr. 22,692-93,

22,701-04 (Chen).

C-10. In the circumstances of this uncertainty, it is reasonably
prudent to accept Professor Sarsten's approach at least where, as in the
case before us, use of all of the first 24 orders, as opposed to only
the first six or twelve orders, would make a significant difference in
the result of whether the crankshaft complies with the DEMA limit.

Tr. 23,297-99 [Sarsten); see also 23,309-10 (Sarsten). Indeed, although
emphasizing that his purpose was nct to judge compliance with DEMA,
FaAA's expert Dr. Johnston thought it “prudent to follow up . . . with a

more complete analysis" using a summation of the 24 orders. Tr. 22,737

(Johrston).
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C-11. The Board observes, in passing, that when the DEMA standarcds
were first issued, computer technology was not yet sufficiently
developed to permit easy calculations involving more than a few orders.
Tr. 23,018-19 (Chen); Tr. 23,282 (Sarsten); Tr. 22,989-90 (Pischinger).
Where the results of calculations exist for 24 orders, there is no

reason not to acknowledge those results.

C-12. The experts agree that shaft number 6, the portion of the
crankshaft between the crankpins for cylinder numbers 5 and 6, turns out
to be the most critical for torsional stress. Staff Ex, 2; LILCO
Ex. C-17, at 3-15. The Staff's values for shaft 6 at 3500 kw are:

Engine Speed (RPM) Nominal Stress (PSI)
427.5 7,051
450 7,096
472.5 7,851

Tr. 23,358-59, 23,380-81 (Sarsten). This represents close agreement
with FaAA's calculation, using 24 orders, of 7,006 psi at the
synchrcaous speed of 450 rpm for 3500 kw (LILCO Ex. C-17, at 3-15;

Tr. 22,735, 22,888 (Johnston)), with a similar result of 7,000 psi plus
or minus 3 percent between the 5 percant underspeed and overspeed
values. Tr. 22,834-35 (Johnston); LILCO Ex. C-17, at 2-5.

Dr. Pischinger's preliminary calculations for 3500 kw, which he would
have preferred to have more opportunity to check, resulted in 6240 psi
at 5 percent underspeed, 6890 psi at rated speed of 450 rpm, and

7470 psi at 5 percent overspeed. Tr. 22,800-805 (Pischinger, Johnston).
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were testified to by Professor Sarsten before the reopened hearing.lg/
No further testimony was offered by any party on compliance with DEMA
standards at load levels between 3300 and 3500 kw, at the reopened
hearing. Professor Sarsten testified that based on preliminary
calculations, the corrected value for 3300 kw at the synchronous speed
of 450 rpm is 6,456 psi. Tr. 23,378 (Sarsten). By interpolation (which
is an appropriate method, Tr. 23,377 (Sarsten)) between this value for
3300 kw and the value noted above for 3500 kw, we can conclude on the
basis of Professor Sarsten's prelimirary calculations at least, that for
3400 kw the torsional stress value at the rated speed of 450 rpm would
be approximately 6776 psi. However, within the range of the 5 percent
overspeed of 472.5 rpm, at around 466 rpm, the 7,000 psi is exceeded for
even the 3300 kw load level (Tr. 23,382-83 (Sarsten), with an
approximate value of 7,356 psi, based on the Board's interpolation
between the overspeed value of 7,108 psi for 3200 kw (Tr. 23,377
(Sarsten)) and the overspeed value for 3500 kw of 7,851 psi as noted
above. The 5 percent overspeed stress at 3400 kw, based on the above

interpolation, wouid be approximately 7603 psi.

C-14. The DEMA requirement for the torsional stress calculations in

the speed range from 5 percent below synchronous speed to 5 percent over

13/ The untimely death of Professor Sarsten in February 1985 prevented
testimony by him at the reopened hearing.
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comparison resulted in a factor of safety of 1.48 at 3500 kw. Id.

at 38. Prior to the endurance run, the Staff and the County pointed out
that FaAA's reliance on the evidence of the failed crarkshafts provides
only one limited data point, and also that FaAA relied on limited inputs
which nonconservatively determined the endurarnce limits of the
replacement crankshafts, although the County agreed the analysis had
some significance. County PF (Nov. 15, 1984), at 66-72; Staff PF

(Nov. 27, 1984), at 21-23; see e.g., Tr. 23,402-06, 23,528-29 (Sarsten).

C-16. Notwithstanding this criticism by those who were then
advocating the 10E7 cycles endurance test, we now have the evidence of
no fatigue damage after the 10E7 cycles endurance run (Pischinger et
al., ff. Tr. 28,416, at 8). This and the fact that the mechanism of
concern is high cycle torsional vibration fatigue, which can cause
initiation of cracks and subsequent failure over time, but not
instantaneously, FaAA's fatigue analysis does contribute to the
reasonable assurance that: (1) surveillance testing at 3300 kw + 100 kw
would not lead to failure of the crankshafts prior to detection of
cracks during refueling outage inspections; and (2) allowance of a very
small number of hours of operation over 3300 kw but below 3400 kw, in
addition to the required surveillance testing, without requiring an
earlier inspection than that which will occur during the next refueling
outage, is acceptable. For the first fuel cycle, we conservatively set

a two~hour limit for cumulative operation of each TDI diesel at loads
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between 3300 and 3400 kw, in addition to the monthly surveillance tests.
If this limit is exceeded, crankshaft inspections required during the
first refueling cutage must be performed as soon as the plant operating
configuration permits the affected diesel to be removed from service.
Operation over 3400 kw is not permitted. Any operation over 3400 kw,
which is unlikely, based on LILCO's qualified load evidence, triggers

the inspection requirement as soon as the affected diesel may safely be

removed from service.

C-17. The Staff's metallurgical expert, Dr. Bush, believes that the
almost 3 X 10E6 cycles (220 hours) that the replacement EDG 103
crankshaft has been run at loads at or above 3500 kw, followed by 7 X
10E6 cycles at or above 3300 kw (with a small amount of hours slightly
below 33C0 kw), without any indication of cracks, provide assurance of a
probable high cycle fatigue limit at or above 2430 kw. (Dr. Bush uses
this value to conservatively account for his assumed plus or minus 70 kw
instrument error). Bush and Henriksen, ff, Tr. 28,503, at 4, 16-17.
This may be true, but an essential element in Dr. Bush's conclusion is
that any cracks caused by exceeding the lifetime torsional fatigue
endurance limit of the crankshaft would initiate within 3 X 10E6 cycles,
and would propagate (at least to detection, if not failure) within the
following 7 X 10E6 cycles at the 3300 kw load. Id. We have no problem
with the latter part of this proposition. Indeed, other evidence is
that there would be a relatively short time {less than 168 hours of

operation) from the time of initiation of a crack to failure of the
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crankshaft. Tr, 23,064 (McCarthy). And Dr. Bush could be correct about
the first part of his assumption. However, it is not well supported in

the record before us, and therefore not accepted by us.

C-18, Dr. Bush compiled a table showing examples of actual failures
of various objects (some of which were aircraft and automobile engine
crankshafts) made of various types of ferrite steels. Id. at 18. His
point was that there was a relatively narrow band of cycles for the
"beginning of fatigue limit" reported, many at or below 1 X 10E6 cycles,
and only one reported as high as around 3 X 10E6 cycles. Id. at 17;

Tr. 28,534-35, 28,649 (Bush). However, we agree with the County that
the ircomplete, almost casual method of compilation of the examples by
Dr. Bush (Tr. 28,741-42 (Bush)), and the lack of basis to assure that
the examples would be representative of the Shoreham replacement
crankshafts (Tr. 28,650-57, 28,739-42 (Bush)), render Dr. Bush's table
inadequate for the purpose it was presented. Indeed, this testimony
appears to be inconsistent with the Staff's insistence that a test to
10E7 cycles was necessary to assure that the crankshaft had been tested
past the "knee" of the S-N curve for all steels to show that there wou'ld
be no significant damage due to high cycle fatigue for ¢nlinited 1ife of
the crankshaft. Berlinger et al., ff. Tr. 23,126, at 17; Tr. 23,526,
23,533-35 (Sarsten); Staff PF (November 27, 1984), at 21. If there was
a strong basis for Dr. Bush's conclusion, the Staff could have accepted

the already existing 220 hours at a nominal load of 3500 kw, with

perhaps a relatively small number of additional hours at the qualified
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refueling outage inspection for possible indication of cracks in the

reqgions of and between the highest stressed crankpin numbers 5, 6 and 7.

D. License Conditions and Technical Specifications

C-20. License conditions and technical specifications for
limitations on the load level during operation and for surveillance test
runs, and for the first refueling outage inspection of the crankshaft
shall be established which are consistent with the minimum requirements
as found in this decision. They shall include items 1 and 2 of LILCO's
commitments as set forth in the attachment provided by LILCO and
appended hereto (with the addition, to item 2, of EDG 103 and inclusion
of the main bearing journals between crankpins 5, 6 and 7). Any
necessary detailed conditions or implementing technical specifications
for the appropriate conditions, along the lines of those attached to the
Staff's proposed findings, shall be included in the license. The
commitment that there will be a control room alarm to alert operators in

the event an EDG exceeds 3300 kw during times other than the

surveillance tect runs shall also be a requirement of the license.
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e

CRANKSHAFT INSPECTIONS

I. LILCO Commitments

P At each refueling outage, LILCO will measure and record hot and cold web
deflection readings on each of the diesels.

- A At the first refueling outage, LILCO will inspect the crankpin journals
numbers 5, 6 and 7 and associated oil holes in these journals, using LP
and ET as appropriate. These inspections will only be performed on EDG
101 and EDG 102.

B T R N R R R R,

- During the second and subsequent refueling outages, LILCO will inspect two
of the three crankpin journals subject to the highest stresses (Numbers 5,
6 and 7) and associated oil holes in these journals, using LP and ET as
appropriate. These inspections will be performed on EDG 101, 102 and 103.

| 4. At intervals of every 3 refueling outages, LILCO will inspect the main
bearing journals and associated oil holes, between crankpin journals num-
: bers 5, 6 and 7, using LP and ET as appropriate. These inspections will
| te performed on EDG 101, 102 and 103. Based on the results of this first
inspection, LILCO may request that such inspections be terminated.

. NRC Staff Recommendations

1. The foregoing LILCO commitments satisfy NRC Staff recommendations with re-
_ spect to crankshaft inspections. Thus, there are no NRC Staff recommenda-
| tions not accepted by LILCO. As opposed to the intervals discussed in
paragraph |.4 above, the current SER recommends that inspection intervals
for the main bearing journals on EDG 101 and 102 be at the first and all
subsequent refueling outages, and for EDG 103, the second and all subse-
quent refueling outages. The Staff no longer considers this necessary and
intends to issue a revised SER to reflect the changes in inspection inter-
vals to those shown in paragraph |.4 above.

2. It is also agreed by and between the NRC staff and LILCO that at the con-
clusion of the first, 3 refueling outage interval, the necessity for fur-
ther inspections in accordance with paragraph |.4 above, if any, will be
re-evaluated.

R



IV. QUALIFIED LOAD

A. Introduction

that:

Intervenors Suffolk County and New York State have contended

Contrary to the requirements of 10 CFR, Part 50,
Appendix A, General Design Criterion 17 --- Electric Power
Systems, the emergency diesel generators (EDGs) at Shoreham
w!tﬁ a maximum "qualified load" of 3300 kw do not provide
sufficient capacity and capability to assure that the

requirements of clauses (1) and (2) of the first paragraph of
GDC 17 will be met, in that:

a. LILCO's proposed "qualified load" of 3300 kw is the
maximum load at which the EDG may be operated, but is
inadequate to handle the maximum load that may be imposed

on the EDGs because:
(1) intermittent and cyclic loads are excluded;
(11) diesel load instrument error was not considered;

(1i1) operators are permitted to maintain diesel load at
3300 + 100 kw;

(iv) operators may erroneously start additional
equipment.

¢. The EDG qualification test run performed by LILCO was
inadequate to assure that the EDGs are capable of
reliable operation at 3300 kw because:

(111) operators were permitted to control the diesel
generators at 3300 kw ¢ 100 kw during the test;

(iv) instrument accuracy was not considered,;




L-2. GDC 17 requires inter alia that electric power systems shall

have sufficient capacity and capability to assure that:

“...(1) specified acceptable fuel design limits and
design conditions of the reactor coolant pressure boundary are
not exceeded as a result of anticipated operational
occurrences and (2) the core is cooled and containment
integrity and other vital functions are maintained in the
event of postulated accidents."

Suffolk County contends that a maximum “qualified load" of 3300 kw for

the Shoreham EDGs does not provide this assurance,

L-3. The Staff 1ntroduced15/ the concept of a "qualified load" as
an interim licensing basis for TDI diesel engines. The qualified load
is that load which bounds the maximum emergency service load (MESL) for
the diesel generator at which certain key components of the engine have
been successfully operated for at least 10E7 loading cycles. The
proposed qualified load at Shoreham is 3300 kw. Dawe et al., ff.

Tr. 27,153, at 10. The Staff has reached licensing decisions on other
nuclear plants with such engines using this approach, but no other

engine has been tested this way. Tr, 27,990 (Berlinger),

1Y/ See NRC Staff's Safety Evaluation Report on the Transamerica
Delaval, Inc, Diese] Generators Owners Group Plan, August 1984, Dawe et
al,, ff, Tr. 27,153, at $-10.
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EDG Fuel 011 Transfer Pumps

L-12. The diesel generator fuel oil transfer pumps transfer oil for
the generators from the storage tanks to the day tanks in the diesel
generator rooms. Each diesel generator has two associated fuel oil
transfer pumps. Only one pump per diesel will operate at a time; the
second operates only if the first fails. The preferred pump only
operates after the fuel oil level in the day tank has been lowered to a
predetermined level by operation of the diesel. The pump will operate
for approximately 22 minutes in every 48-minute period during the
operation of the diesel in order to maintain the fuel oil level. Dawe
et al., ff. Tr. 27,153, at 16. The diesel generator fuel oil transfer

pump load is a negligible 0.2 kw per pump. Id.

Diesel Generator Air Compressors

L-13. The diesel generator air compressors are used to recharge the
air start receivers. Each generator has two independent, redundant air
starting systems. Each compressor will automatically operate after the
EDG has energized its associated emergency bus. Following one
successful start attempt, each compressor will operate for approximately
15 minutes. Each compressor can recharge its associated air system in
30 minutes following the design capabiiity of five starts. The air

compressor load is 12 kw per generator.



L-14. If all intermittent loads, assumed to occur simultaneously,

were summed and added to the MESL for each EDG, the predicted loads

would be 3331.4 kw for EDG 101, 3285.4 kw for EDG 102 and 3284.6 kw for

EDG 103. Dawe et al., ff. Tr. 27,153, at 18.

L-15. LILCO performed an integrated electrical test (IET) with the
TDI diesel generators. The IET starts with the introduction of
LOOP/LOCA signals and proceeds through the time sequencing and operation
of the required loads on the EDGs. Tr. 27,412 (Dawe). The peak loads
measured during the IET were 2833.6 kw for EDG 101, 2806.9 kw for EDG
102 and 3072.0 kw for ECG 103. Dawe et al., ff. Tr. 27,153, at 20.
These loads are estimated to be within a few percent of the actual loads
that would be observed following a LOOP/LOCA (Dawe et al., ff.
Tr. 27,153, at 19-20; Tr. 27,219-21 (Dawe)), except that the IET value
for EDG 103 is high by a large portion of 358 kw as it included a second
reactor building service water pump which is not needed for a LCCA and
is no longer automatically connected to the EDGs. Dawe et al., ff. Tr,
27,153, at 20-21. The significant difference between peak loads
observed during the IET and the predicted MESLs is due, in large part,
to conservatism intrcduced into the calculation of the MESL by the use

of nemeplate loads and the assumption of coincident demand.

Tr. 27,461-62 (Dawe).

L-16. The Staff witness testified that the IET was not an accurate

mcdel of true plant response tc an accident but conceded that the IET
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would give a better estimate of the loads that the plant would have to
support in response to an accident than the MESL. E.g., Tr. 28,273
(Berlinger). However, the Staff noted that it did not consider the IET
results in its review. Tr. 28,151 (Knox, Berlinger, Clifford, Buzy,
Eckenrode). The County's witnesses questioned whether the IET was
representative of actual LOOP/LOCA Toads but did not present specific
information to support their position. Tr. 27,552-54 (Bridenbaugh).

L-17. Based on the testimony presented during the hearing, the
Board is persuaded that the MESL is a conservative estimate of the
expected EDG loads following a LOOP/LOCA. The results obtained during
the integrated electrical test provide an estimate of this conservatism.
We believe that intermittent and cyclic loads have been accounted for.
In this accounting, the expected loads on any EDG following a LOOP/LOCA
are bounded by the MESL in all cases except for short term (less than
three minutes) operation of EDG 101 at 31 kw over the 3300 kw MESL.
When the conservatism in the MESL is considered, we believe that the
EDGs will perform their intended function when called upon to do so,
either because 3300 kw will not be exceeded, or if it is, it would only
be by a smell amount on one EDG for a negligibly short time. See also

our crankshaft findings in Section III, supra.
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C. Load Contention (a) (ii): Diesel Load Meter Instrument Error Was
‘Not Considered (in the Determination of the MESL), and (c) (iv) Was

Not Considered in the (Endurance) Qualification Test at 3300 kw

L-18. Suffolk County contends that LILCO failed to consider
instrument error in establishing the qualified load and in running the
3300 kw qualification testing of EDG 103 at 10E7 cycles (745 hours).
Bridenbaugh and Minor, ff. Tr. 27,500, at 21-23.

L-19. Each EDG at Shoreham has a Weston wattmeter, located in the
control room, which has a full scale reading of 5600 kw. Dawe et al.,
ff. Tr. 27,153, at 27-28. The specified accuracy of this meter is 2% of
full scale and the overall instrument accuracy is 24% of full scale when

combined with the instrument loop. Id.

L-20. As part of the Shoreham instrument calibration program, each
wattmeter is calibrated annually, along with its associated instrument
loop. Calibration is performed with a reference standard traceable to
the National Bureau of Standards. Dawe et al., ff. Tr. 27,153, at
28-29; Tr. 27,266-68, 27,384 (Youngling); Tr. 27,309-10 (Dawe).
Calibration checks performed prior to, and following, the EDG 103
qualification run showed that the wattmeter accuracy ranged from : 60 to
70 kw. Dawe et al., ff. Tr. 27,153, at 28-29; Tr. 27,265 (Dawe).

L-21. During the confirmatory test performed by LILCO on EDG 103

for 10E7 cycles at 3300 kw, load readings were taken both from the
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Weston wattmeter and a digital test loop used with a prccess computer.
The accuracy of the test loop is approximately 0.6%. Tr. 27,311-14,
27,423 (Youngling).

L-22. In response to a LOOP/LOCA incident the initial EDG loading
is automatic and below the qualified Toad of 3300 kw. Dawe et a!., ff.
Tr. 27,153, at 29. The actual load profile following a LOOP/LOCA is
bounded by 3200 kw after 12 minutes into the event and by a little over
2600 kw after one hour. This profile includes manual loading of the
EDG. Id. at 30. Subsequent operator actions will result in load
reduction and it is urlikely that additional loads added by an operator

would exceed the qualified load. Id. See subsection IV.D., below.

L-23. During surveillance testing of the EDGs (one hour per month
during the first fuel cycle) at 3300 kw, the actual load on the diesel
could differ from that indicated by the amount of instrument error.
This does not invalidate the surveillance testing since the testing is
representative of actual operation. To the extent the test load may be
slightly below 3300 kw due to instrument error, the necessary load
carrying capability of the EDG is adequately demonstrated. To the
extent the qualifiea load is slightly exceeded during testing as a
result of instrument error, the time duration of such loading is not

long. Dawe et al., ff. Tr. 27,153, at 31.
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L-24. The Board finds that diesel load meter instrument error has
been considered and accounted for in the qualification test. Such
errors are small and will have no adverse impact on the EDGs in

performing their intended function.

D. Contention (a) (iii) and (c) (iii): Operators were Permitted to
Operate With a Test Band of = 100 kw During the Qualification Test
and Will Be Permitted to Do So During Future surveillence Jesting

L-25. Suffolk County contends that a test band of + 100 kw used in
the 10E7 cycle (total of 745 hours) endurance run and intended for use
during future surveillance testing at 3300 kw renders the qualified load
and the endurance run test results inadequate. It is also contended
that the actual endurance run could only be accurate to 3230 kw which

accounts for a + 70 kw error band.

L-26. During the approximately 220 hour segment of the
approximately 745 hour endurance run, EDG 103 was operated at loads of
3500 kw and above. Bush et al., ff. Tr. 28,5C3, at 16; Tr. 28,635
(Bush); see also LILCO Ex. B-15. Review of the operating logs during
the approximately 525 hour portion of the endurance run showed 81 hours
recorded at loads between 3300 and 3400 kw and 20 hours at loads between
3250 and 3300 kw, with the other approximately 424 hours recorded at
3300 kw. Bush et al., ff. Tr. 28,503, at 11. Dawe et al., ff. Tr.

27,153, at 38. Hence, many more hours of operation were accumulated

above 3300 kw than the 20 hours which were at most 50 kw below 3300 kw.
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Moreover, the fact of a test band of + 100 kw in the endurance run did
not resuit in the endurance test being run lower than the qualified load

of 3300 kw.

L-27. LILCO witnesses testified that testing of the diesel
generator at 330C kw requires it to be connected to the grid. When the
diesel generator is connected to the grid it is difficult to maintain a
constant load value due to engine response to fluctuations on the grid
and an independent pulsation effect on the meter due to the mode of
governor operation. Thus, + 100 kw is necessary to accommodate these
phenomena, which have an actual value between 60 ana 100 kw. This is
only true when the engine is connected to the grid, however, and not
when it is operating in a LOOP situation. Tr. 27,316-21 (Dawe,
Youngling).

L-28. As a practical matter, a tolerance band is required. If
there wer2 no band, whenever the meter read slightly above 3300 kw, the
operator would be in violation of the Technical Specifications.

Tr. 27,3.8 (Dawe); Tr. 27,321-22 (Youngling). The Board finds that
utilization of a tolerance band of * 100 kw in future surveillance
testing is appropriate. Moreover, as evidenced by the endurance run,
through most of the test the operators should be able to control the
load close to 3300 kw. Finding L-26, above. Future routine
surveillance testing transiently as low as 3200 kw poses little concern

for validity of the test; no such concern was raised by any party or



discerned by us. Routine monthly surveillance testing as high as 3400

kw will not result in failure of a crankshaft. See Section Il1I, above.

Load Contention (a) (iv): Quaiified Load Does Not Encompass
Operator Error Load

L-29. Suffolk County asserts in Contention (a) (iv) that the
diesels do not comply with GDC 17 because the qualified load of 3300 kw
does not possess sufficient margin to accommodate operator errors.

Bridenbaugh and Minor, ff., Tr., 27,500, at 28. Essentially, the County's

position appeurs to be that GDC 17 mandates, as a matter of law, the

inclusion of a margin within the design load to accommodate potential
operator errors. In addition to exploring the relationship of operator
actions to GDC 17, the litigation of this contention at the hearing
included a Tengthy examination of the procedures and training LILCO has
developed tc protect against operators erroneously attaching loads to

the diesels that might result in exceedance of the qualified load of

3300 kw.

L-30. At the outset, one has to assess how compliance with GDC 17
is determined. The Staff testified that such compliance is
demonstrated, inter alia, by ensuring the plant's design loads do not
exceed the capacity and capability of the diesel generators. Knox, ff.
Tr. 27,735, at 4. The design load is defined in IEEE-387-1977; this
load consists of that combination of electric loads having the most

severe power demand from a diesel generator for the operation of




engineered safety features and other systems required during and

following shutdown of the reactor. Id. The design load, as defined in
1EEE-387-1977, does not include loads attributable to operator error.
Tr. 27,796-97, 28,174 (Knox); Tr, 28,277-81 (Berlinger, Hodges). Thus
such error need not be considered in setting the design load for the

diesels.

L-31. In addition to possessing sufficient capacity and capability
to power the design loads, the onsite AC power system must also be
designed to safely withstand a single failure in order to comply with
GDC 17. As a general matter, operator errors are not applicable to the
single failure criterion. The purpose of the single failure analysis is
to gain greater assurance of system reliability through redundancy;
operator relfability can not be assured by such an analysis. Hodges,
ff. Tr. 27,735, at 4-6; see also Tr. 27,884-87 (Berlinger). Procedures
generally are not relied upon in determining whether the requirements of

GOC 17 are met. Tr. 28,274-75 (Berlinger); Tr. 27,882 (Clifford).

L-32. Operator error is included in the single failure analysis to
the extent that the cause of any single error can be attributable to
operator action as well as to a passive or a mechanical failure.

Tr. 27,891 (Hodges); 27,954, 28,149 (Berlinger); Tr. 28,350 (Clifford).
For GDC 17 purposes, it thus becomes important to know whether any
single operator action can result in the failure of more than one diesel

because of overloading. The single worst case load that could be

L R R R T
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manuelly added erroneously to each of the three diesels as a result of
three separate operator errors following a LOOP/LOCA would result in
loads of 3459.4 kw on EDG 101; 3414.8 kw on EDG 102; and 3583.5 kw on
EDG 103. Dawe et al., ff. Tr, 27,153, at 32-33. The single worst case
load that could be added erroneously following a LOOP would result in
loads of 3839.2 kw on EDG 101; 3627.6 kw on EDG 102; and 3867.3 kw on
EDG 103. Id. at 33-35.1%  These 1oads al exceed the qualified load of
3300 kw. However, there is no single operator action that would result
in exceedance of the qualified load on more than one diesel. Id. at 37.
Even if such an overload is conservatively assumed to result in a
failure of the diesel involved, the onsite system is designed to
accommodate the failure of one diesel. Id. Thus only two out of the
three diesels are required to safely shut down and maintain the plant.
Ihere are three diesels required to be available to meet GDC 17
precisely because of the need for redundancy to meet the single failure
criterion., Thus the design of the plant is sufficient to accommodate
any single failure attributable to operator error. See also

Ir. 27,547-49 (Berlinger); Tr. 28,350 (Clifford).

15/ It must be kept in mind that the equipment that is needed in the
immediate event of a LOOP or LOOP/LOCA will all actuate cutomatically;
it is this equipment that makes up the design load. The equipment that
mekes up the worst case load that can be erronecusly added by operators
is not needed for mitigation purposes. Dawe et al., ff. Tr, 27,153, at

34,



L-33. Operator errors need not be accounted for in the design load
and, insofar as they are applicable to the single failure criterion, are
adequately accounted for at Shoreham. Operator errors are accounted for
in the design of the plant in a number of other ways. Hodges, ff. Tr.
27,735, at 4. First, for actions that must be accomplished on a
relatively short time scale and are necessary to mitigate transients and
accidents, the Staff policy has been to eliminate the need for operator
action by automating the action. Id. at 5.l§/ By not challenging the
operator with an action in a relatively short time frame, the potential
for operator error is greatly reduced, so that it need not be considered
in the context of the design. Id. For situations in which operator
actions are relied upon for event mitigation, the Staff will ensure that
procedures and guidelines provide the necessary guidance to the operator
to take the correct actions, and that the operators have been properly

trained in the action. Id.

L-34. Much of the hearing was spent on the adequacy of LILCO's
procedures and training to minimize the potential for operator overload
of the diesels. The question of procedures and training must be kept in
context. The question of the design adequacy of the diesels is separate

from issues relating to the adequacy of procedures and training. The

16/ The equipment needed to respond in the event of either a LOOP or a
LOOP/LOCA is so automatically activated. See n.15, supra.
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procedures and training are reviewed to evaluate the capability of
plant operators to operate within the design. Procedures thus provide
additional assurance, beyond that provided by design, that diesels can
be operated safely. Tr. 27,882, 28,343, 28,347, 28,354-55, 27,882-83
(Clifford); Tr. 27,885-57 (Berlinger). However, for the Shoreham

diesels, procedures are not necessary to demonstrate compliance witn GDC

17. Tr. 28,275 (Berlinger).

L-35. Procedures and training can provide this additional assurance
through three mechanisms: procedures should not be written in a manner
that will result in operators overloading the diesel, they should enable
the operators to take corrective actions if an overload should occur,
and the training should adequately address the technical concerns
associated with the design load 1imit. Clifford et al., ff. Tr. 27,732,
at 5. Substantial written and oral testimony at the hearing examined in
detail the adequacy of the procedures and trazining insofar as they
relate to potential overload of the diesels. The Staff was unable at
the cutset of the hearing to conclude that the procedures and training
at Shoreham were adequate. Id. at 9-10. Many of the Staff's concerns
were, subsequent to a site visit, resolved during the hearing. Tr.
26,829-91 (Clifford and Eckenrode). However, the Staff took the
position that the performance of a task analysis would be necessary in

order to validate and affirm the adequacy of the procedures. Tr. 28,292
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(Clifford).lzj The task analysis was set to be completed in early May;
the Staff was to review the analysis in a Supplemental Safety Evaluation
Report which was expected to be issued in June 1985, Tr. 28,369-372
(Clifford).

L-36. LILCO's witnesses testified concerning the adequacy of the
procedures and training as they relate to maintaining diesel generator
loading below the qualified lToad. LILCO's testimony in this area was
provided by witnesses with significant experience related to Shoreham,
Dawe et al., Tr, 27,153, at 2-5. These witnesses had participated in
the preparation of both the procedures and training. See, e.g.,

Tr. 27,353 (Dawe); 27,372 (Notaro). They identified a number of
emergency operating procedures and system procedures that had been
reviewed and, in some cases, revised as a result of establishing the
qualified load. Tr. 27,156-61, 27,252 (Notaro). The changes which have
been made are mainly added cautions to highlight the diesel generator
load. Tr. 27,263 (Dawe); Tr. 27,367 (Youngling); Tr. 27,372, 27,395,

17/ A task analysis is essentially a specification of all tasks
necessary to accomplish actions for a scenario. The task analysis
identifies the equipment to be run, the function to be maintained, the
systems to be run to maintain those functions, the tasks necessary to
operate the equipment and subtasks necessary for the oper.tor to operate
switches, monitor instrumentation or parameters that are necessary. The
analysis evaluates whether the plant can be operated within the 3300 kw
qualified load or whether the operators are capable of operating within
that load by ?oing through various combinations of scenarios.

Tr. 28,360 (Clifford).
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27,454-55 (Notaro). Also the diesel generator load meters in the
control room will be banded at 3300 kw. The operators are trained and
knowledgeable in the diesel generator qualified load. Dawe et al., ff,
Tr. 27,153, at 33, 35; Tr. 27,297-98 (Youngling). In addition, LILCO
has committed to provide a distinctive visual and audible alarm for each
diesel generator in the main control room that will be set no higher
than 3300 kw for operation, other than possibly during the routine
surveillance tests. Tr, 27,298-302, 27,333-35 (Youngling).
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