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Q. Additional LOCA Analysis

Board Question/UCS

Contention No. 8: 10 CFR 50.46 requires analysis of ECCS
performance "for a number of postulated
loss-of-coolant accidents of different
sizes, locations, ard other properties
sufficient to provide assurance that
the entire spectrum of postulated
loss-of-coclant accidents is covered.®
For the spectrum of LCCA's, specific
parameters are not to be exceeded. At
TMI, certain of these were exceeded.
For example, the peak cladding
temperature exceeded 2200° fahrenheit
(50.46(b)(1)), and more than 1% of the
cladding reacted with water or steam
to produce hydrogen (50.46(b)(3)).
The measures proposed by the staff
address primarily the very specific
case of a stuck-open power operated
relief valve, However, any other
small LOCA could lead to the same
consequences. Additional analyses to
show that there is adequate protection
for the entire spectrum of small break
locations have not been performed.
Therefore, there is no basis for
finding compliance with 10 CFR 50.46
and GDC 35. None of the corrective
actions to date have fully addrscssc
the demonstrated inadequacy of
protection against small LOCA's,l04

Board Cuestion

Regarding UCS

Contention 8: The board directs the staff and the
licensee to present experts and the

104 ECNP Contention l(e) was accepted by the Board to the
extent that it relates to a further analysis of the spectrum
of small-break LOCAs, and ECNP was permitted to adopt UCS
Ccntention 8. First Special Prehearing Conference Order,
LBP-79-34, 10 N.R.C. 828, 844 (1979). Consequently, the ECNP
contentic~ was not addressed separately in the hearing and it
is not quoted here. See Board Memorandum and Order,
September 8, 1980, at 3. We notz that ECNP did not agpear to
participate in any of the evidentiary sessions at which this
issue was heara.
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fundamental documents involved in the
small break LOCA analysis, and to have
very complete testimony on this
subject. The recommendations of
NUREG-0565 and NUREG-0623 should be
addressed.

It appears from the small break LOCA
analysis that there is a large amount
of reliance upon operator action and
on non-safety-grade equipment. The
board wants that issue explored by
testimony, including why such reliance
is progper.

333. The TMI-2 accident was equivalent to 2 mall-
break, loss-of-coolant accident. UCS Contention 8, which was
not objected. to and was admitted by the Board without limita-
tion, challenged the adequacy of the analyses performed to
identify appropriate corrective actions for the entire spectrum
of small-break LCCAs. Yet, on July 31, 1980, in "Union of
Concerned Scientists' Review of Contentions," UCS withdrew its
Contention 8, but asked the Board to Pursue it, The Board not
only adopted UCS Contention 8, but added its own questions
(quoted above) on the contention. Consequently, the entire
record we are about to address in this section of the Initial
Decision was developed only because the Board, in its discre-
tion, elected to explore the issue of small-break LOCA
analyses.

334. In response to the Board's interest in the
additional small-break LCCA analyses performed since the TMI=2

accident, a very complete and extensive record has been
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compiled. The record includes the testimony for Licensee of a
Supervisory Engineer of B&w's ECCS Analysis Unit (Jones) and of
GPU's Control and Safety Analysis Manager (Broughton),
describing the purposes, assumptions and results of the small-
break analyses for TMI-1 conducted both before ané after the
TMI-2 accident, and the development of operator guidelines and
procedures for small-break LOCA mitigation on the basis of
those analyses. Mr. Jones has performed both large and small
break ECCS analyses under AEC and NKC regulatory criteria and
is responsible, within B&W, for the calculation of large and
small break ECCS evaluations, evaluations of mass and energy
releases tc the containment during a LOCA, and the performance
of best-estimate pre-test predictions of LOCA experiments. He
has also heen personally involved in the Freparation of BaWw
operator guidelines for small-break LOCAs and inadequate core
cooling mitigation., Jones and drcughton, £f£f, Tr. 5038 (at-
tached statement of qualifications, Robert C. Jones, Jr.).

335. The record includes, as well, the fundamental
documentation of the results of Licensee's small-break LOCA
analyses, which was thus available for the close scrutiny of
the Board and the parties. Licensee Exhibits 3 and 4 con-
stitute the spectrum of small break analyses submitted rrior to
the T...-2 accident to demonstrate compliance with the
requirements of 10 C.F.R. § 50.46 and Appendix X to 10 C.F.R.
Part 3U. Licensee Cxhibits 5 through 9 and 13 consist of

additional analyses of plant response to various small-break
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scenarios, which were performed in response to specific NRC
directives, orders and requests following the TMI-2 accident.
Licensee Exhibit 12 is the B&W "Small Break COperating Guide-
lines," developed to provide guidance for operator actions
based upon the results of the small-break analyses. Licensee
Exhibits 47 and 48 are the TMI-1 emergency procedures for
small-break LCCAs, which implement the BaWw guidelines.los
Licensee Exhibits 10 and 11 were performed in response to NRC
IE Bulletin 79-05C, and address the need for, and the con-
sequences of, a prompt reactor coolant pump trip upon receipt
of a low pressure (1600 psig) Engineered Safety Features
Actuation System ("ESFAS") signal.

336. Licensee also presented testimony in response
to each of the recommendation , applicable to licensees, in

UREG-0565, "Generic Evaluation of Small Break Loss-of-Coolant

Accident Behavior in Babcock & Wilcox Designed 177-FA Operating
Plants" (January 1980), and in NUREG-0623, "Generic Assessment
of Delayed Reactor Coolant Pump Trip during Small Break Loss-
of-Coolant Accidents in Pressurized Water Reactors" (November
1879). Jones and Broughton, ff. Tr. 5039.

337. The NRC Staff provided for the record docu-
mentation on the results of its review of the BsaW small-break

LOCA analyses performed in response tc NRC direction and

105 These revise Supercede earlier versions of these
procedures, UCS Ex. . 8 and 6, respectively.
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requests following the TMI-2 accident, includirg the Staff's
own audit calculations used in the review. See NUREG-0565
(Board Ex. 4); Tr. 5006-07 (Jensen). Short-term action 1(d) of
the Commission's Order and Notice of Hearing (10 N.R.C. at 144)
stated that Licensee shall "|[c]omplete analyses for potential
small breaks and develop and implement operating instructions
to define operator action.® The Staff's review of Licensee's
compliance with this action is documented in the record in
Staff Ex. 1 at Cl-12 to Cl-16. See also, Staff Ex. 1 at C2-16
(IE Bulletin 79-05C short-term action on small-break LOCA
analyses); Staff Ex. 1 at C8-48 and Staff Ex. 14 at 43-44
(NUREG-0578 recommendation 2.l1.9.a on analysis, emergency
procedures and training to substantially improve cperator
performance during a small-break LCCA). Long~-term action 2 of
the Commission's Crder and Notice of Hearing (10 N.R.C. at 145)
recommended that Licensee should be required to "~ive continued
attention to transient analysis and procedures for management
of small breaks by a formal program set Up to assure timely
action of these matters." The Staff's review finding that
Licensee has made reasonable progress toward the satisfactory
completion of this action is documented in Staff Ex. 1 at D2-1,
and in Staff Ex. 14 at 50.

338. The Staff also prese.*ed testimony cn its
reaction to Licensee's responses to the recommendations made in
NUREG-0565 and NUREG-0623 (see paragraph 336, supra), and on

the relationship of the implementation of those recommendations
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with other TMI-L2lated riquirements imposed or recommended by
the Staff. Ross and Capra, ff. Tr. 15,806.

339. The Commission has established, by regulation,
the standards to be applied in evaluating loss-of-coolant
accidents for the purpose of specifying the design of the
emergency core cooling system. See 10 C.F.K. § 50.46 (accep~-
tance criteria for emergency core cooling systems for light
water nuclear power reactors), and Appendix K to 10 C.F.R. Part
50 (ECCS evaluation models).

34C. Prior to the TMI-2 accident, small-break LCCA
evaluations had been performed to verify cunformance of TMI-1
to 10 C.F.R. § 50.46. 1In order to perform these analyses, the
oreak location which imposes the mcst severe requirements on
the ECCS was identified. As a result of this identification,
an analysis was performed of the core flocod line break, which
results in only one core flcod tank and one high pressure
injection train available to mitigate the accident under the
worst single failure assumption. An analysis of a spectrum of
breaks in the reactor coolant pump discharge piping was also
performed, since a break at that location results in the loss
of a portion of the HPI fluid. These analyses were performed
using the B&Ww ECCS evaluation model which has been apgroved by
the NRC as meeting the requirements of Appendix K to 10 C.F.R.
Part 50. For the worst-case break, the peak cladding tempera-
ture was found to be less than 1100°F, and no metal-water

reaction nor cladding cupture were calculated to occur.
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Therefore, coniormance to 10 C.F.R. § 50.46 was demonstrated.
Jones and Broughton, ff, Tr. 5038, at 2, 3 and 12; Lic. Exs. 23
and 4, and oral summary at Tr. 5047-64 (Jones); Jensen, ff. Tr.
5496, at 4-6. TMI-1l continues to be in compliance with 10
C.F.R. § 50.46. Jensen, ff. Tr. 15,808, at 3; Tr. 5023
(Jensen); Tr. 5196 (Jones). A principal finding of the Staff's
generic review is that the original LOCA analyses for TMI-l
remain valid. Staff Ex. 1 at Cl-13.

34l1. The analyses performed prior to the TMI-2
accident assumed the use of only safety-grade equipment for
accident mitigation, except that emergency feedwater was

assumed to be available.lo6

These analyses assumed no mitigat-
ing operator actions within ten minutes of the initiating
event, except that cperator action to cross-ceonnect the HPI
system was determined to be required in the event of a small
break in the reactor coolant pump discharc piping and the
postulated failure of the HPI train which discharges into the
unbroken coolant lcop. Subsequent modifications to the HPI
lines have been made, however, to add cross connections and
flow-limiting devices to ensure sufficient flow without

Operator action. Jones ana Broughton, ££f. Tr. 5038, at 3, 4;

Jensen, ff. Tr. 5496, at 7; Tr. 5605 (Jensen).

106 See Section II.(Q, supra, for the Board's findings on

the rETTability of the emergency feedwater system. In the
event of a loss of all feedwater, however, the feed-and-bleed
mode of emergency coocling is available for LOCA mitigation.
Jones and Broughton, ff. Tr. 5038, at 4.
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342. We now turn to the additional small-breck LOCA
analyses performed since the TMI-2 accident, which are the
subject of the Board's questions on the former UCS Contention
8. First, however, it is imperative tc understand why these
additional analyses were performed. Because the severity of
the T!I-2 accident was aggravated by operator actions, these
analyses were performed for the purpose of providing an
improved analytical basis for plant emargency operating
procedures for responding to small-break LOCAs. Jones and
Broughton, ff. Tr. 5038, at 4, 5; Board Ex. 4 at l-1. This
purpose is evident from the language cf the Commission itself
in short-term action 1(d). See paragraph 337, supra. These
analyses performed after the TMI-2 accident were not done to
demonscrate compliance with 10 C.F.R. § 50.46. Jones and
Broughton, f££f. Tr. 5038, at 5; Tr. 5131, 5194 (Jones). Indeed,
in an effort to develop an improved set of operator ~uidelines,
these analyses go beyond the scope of Appendix K to 10 C.F.R.
Part 30 (for example, in the types and numbers of failures
assumed). Tr. 5194-95 (Jcnes).

343. The small-break LOCA analyses performed after
the TMI-2 accident included an extension of the lower end of
the break spectrum previously analyzed, an assessment of the
effect of failures in the main and emergency feedwater systems,
and an assessment of small-break LCCAs with a delayed reactor
coclant pump trip. Jones and Broughton, ff. Tr. 5038, at 5,

344. The generic analyses performed oy B&W are

applicable to TMI-1l. Jones and Broughton, f£f. Tr. 5038, at 9,
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10. In fact, the analyses generally assumed, however, less HPI
flow than the TMI-l system, as modified, will provide. Tr.
5062, 5127 (Jones). The HPI system at TMI-1l will produce
roughly 10% more flow than was assumed in the analysis. Tr.
5143 (Jones).

345. The first case examined in the additional LOCA
analyses is a loss of all feedwater without a small-ktreak LCCA.
In this scenario, it is assumed that: loss of main feedwater
occurs; the anticipatory trip on loss of main feedwater fails
and the reactor trips on high reactor coolant system pressure;
loss of off-site power occurs coincident with the reactor trip;
emergency feedwater is not provided to the steam generators;
while reactor ccolant system pressure continues to increase,
the PCRV does not open and the pressurizer safety valves ogen;
there is a single failure in the HPI system. The results of
this analysis, which also assumed a core decay heat value of

1.0 times the ANS standard value,m7

are that operatcr action
within 20 minutes either to establish emergency feedwater or to

actuate manually the HPI system is sufficient to assure

107 Appendix K mocdeling assumptions call for the use of a

core decay heat value of 1.2 times the standard ANS value. The
number of failures assumed in this evaluation, however, and

in the one other case where this departure was made, justifies
the use of the more realistic 1.0 times the standard ANS value.
Tr. 5072-73 (Jones). It should also be noted that a substantial
number of investigations, including core decay heat exgeriments,
have demonstrated that the 1971 ANS value used in Api. ‘ndix K

is conservative, so that a core decay heat value of . 0 times
the ANS standard value is adequate, for a realistic determination,
to define properly the core decay heat. Tr. 5208 (Jones).
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adequate core coo.ing. Jones and Broughton, ff. Tr. 5038, at §
and 13 (Table 2); Lic. Ex. 9, and oral summary at Tr. 5064-73
(Jones) .

346. The :econd case examined is a small-break LOCA
with the loss of all feedwater. In this scenario, it is
assumed that: a small-break LCCA occurs; the reactor tzips on
low reactov coolant system pressure; there is a loss cf
off-site power and a loss of main feedwater coincid .t with the
reactor trip; emergency feedwater is not provided to the steam
generators; core decay heat is 1.2 times the ANS standard
value; and both HPI trains function.108 The tesults of the
analysis show that for break sizes greater than 0.0l ftz,
emergency core cooling is initiated automatically and no
operator action is required to assure adequate core cooling,
For break sizes equal to or less than 0.01 Etz, the setpoint
for automatic HPI actuation is not reached. Operator action
within 20 minutes to initiate emergency feedwater (which, in
turn, will subsequently result in high pressure injection) or

to initiate HPI will asiure adequate core cooling. Jones and

108 Two HPI pumps are calculated to be required during only
portions of the transient and only for a certain range of break
sizes below 0.02 square feet and at specific locations. Tr.
4776-77, 4834 (Jones). The number of failures assumed in this
evaluation, however, and in the one other case where this
assumption is made, leads the Board not to be concerned with
this result. The analysis assumes not only a LOCA and the loss
of off-site power, but also *he unavailability of all main ana
emergency feedwater. As we .ind below, the TMI-1 emergency
feedwater system is safety-grade for a LOCA. See section

II.C, paragraph 40€, infra.
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Broughton, f£f. Tr. 5038, at 5, 6 anéd 14 (Table 3); Lic. Exs. §
and 8, and the oral summary at Tr. 5074-85 (Jcnes).

347. The third case evaluated is a loss of main
feedwater event with a pressurizer PCRV failure. This basi-
cally represents the TMI-2 accident. 1In this scenaric, it was
assumed that: a loss of main feedwater occurs; the anticipa-
tory reactor trip on loss of main feedwater fails and reactor
coclant system pressure increases; the PORV opens and does not
close (an equivalent break area of 0.007 ftz); reactor trip
occurs on high reactor coolant system pressure; emergency
feedwater is provided to the steam generators; core decay heat
is 1.2 times the ANS standard value; and a single failure
occurs in the HPI system. The results of the analysis show
that automatic actuation of HPI provides sufficient reactor
coolant system inventory to assure adecuzte core cooling.
Jones and Broughton, ff. Tr., 5038, at 6 and 15 (Table 4); Lic.
Ex. 5, and the cral summary at Tr. 5087-90 (Jones).

348. The fourth case considered is a pressurizer
PORV failure followed by a loss of all feedwater. 1In this
scerario, it is assumed that: the PORV fails open and does not
close; the reactor trips on low reactor coolant system pres-
Sure; oif "-site power and main feedwater are lost coincident
with the reactor trip; emergency feedwater is not provided to
the steam generators; core decay heat is 1.0 times the standard

109

ANS value; and a single failure occurs in the HPI system,

109 See n.l07, supra.
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The results of the analysis show that automatic actuation of

HPI provides sufficient reactor coolant inventory to assure
adeguate core cooling. Jones and Broughton, ff. Tr. 5038, at 6

and 16 (Table 5); Lic. Exs. 6 and 7, and the oral summary at

Tr. 5090-94 (Jones).
349. The fifth case is a very small-break LOCA with

a loss of main feedwater. In this case it is assumed that: a

very small-treak LOCA (0.005 to 0.01 ftz) occurs; the reactor
trips on low reactor coolant system pressure; off-site power

and main feedwater are lost coincident with the reactor trip;
emergency feedwater is provided to the steam generators: core
decay heat is 1.2 times the ANS standard value; and a single
failure occurs in the HPI system. For btreaks of this size,
which cause a loss of cooclant inventory at a rate in excess cf
the capacity of HPI, the steam generators would normally be
used to remove a portion of the energy added to the primary
system by core decay heat. The analysis shows that during the
transition from natural circulation to the boiler-condenser
mode of cooling (i,e., from single-phase to two-phase natural
circulation), an interruption of the energy removal process
from the primary system will occur due to void formation in the
hot legs, and primary system pressure will increase. However,
the subsequent establishment of steam condenszation by the steam
generators as a heat removal mechanism controls the repres-
surization, and automatic actuation of HPI provides sufficient

reactor coolant inventory to assure adequate core cooling.
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Jonelland Broughton, ff. Tr. 5038, at 6, 7 and 17 (Table 6);
Lic., Ex. 5, and the oral summary at Tr. 5094-97 (Jones).

350. The next case examined is a small-break LOCA
with a delayed reactor ccolant pump trip. Analyses have shown
that if the reactcr cocolant pumps operate continucusly
throughout the LOCA, or are tripped promptly upon receipt of a
low reactor coolant system pressure signal, adequate core
cooling is provided for all break sizes. For certain break
sizes (between 0.025 and 0.2 ftz), however, adegquate ccre
cocling has not been demonstrated if the reactor coolant DUMES
remain in opeération and are subsequently tripped at certain
times in the transient. The system behavior which leads to
this result is that while continued pump cperation provides
forced circulation cocoling of the core, it alsc causes, for
certain break sizes, more fluid inventory to be discharged
through the break than would otherwise occur. As a result of
this increased loss of inventory, the fluid in the reactor
coolant system will evolve to a high void fraction. If the
pumps are tripped after a high void fractinn is reached, the
available liquid in the reactor ccolant system would not ke
sufficient to keep the core covered, and the ECCS may not
provide reflooding of the cocre at a rate which assures that
cladding temperatures are maintained wichin the criteria of 10
C.F.R. § 50.46. Jcnes and Eroughton, ff. Tr. 5038, at 7-9 and
18 (Takle 7); Lic. Exs. 10 and 11, and the oral summary at Tr.
5098-5103 (Jones); Jensen, ff, Tr. 15,808, at 3; Ross and
Capra, ff. Tr. 15,806, at 51, 52.
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351. Since all analyses have confirmed that the
plant can be maintained in a safe condition (as defined by 10
C.F.R. § 50.46) during a small-break LOCA without the reactor
coolant pumps operating during the transient, provision for
prompt tripping of the pumps upon indication of a LOCA110
(receipt of a low reactor cocolant system pressure safety
injection signal) assures that adequate core cooling is
provided. Jones and Broughton, ff. Tr. 5038, at 9. Conse-
quently, the NRC Staff issued IE Bulletin 79-05C to all
licensees which, amcng other things, required the imple-
mentation of plant operating procedures directing that all
operating reactor ccolant pumgs be immediately tripped ugon
reactor trip and initiation of HPI caused by low reactor
coolant system pressure. The bulletin also regquired an
additional operator o be in the control room to perform this
action. Jensen, ff. Tr. 15,808, at 3; Staff Ex. 1 at C2-16;
Ross and Capra, ff. Tr. 15,806, at 52. Wwhile other, non-LCCA
events may lead to a low pressure safety signal, tripping of
the reactor coolant pumps for these events still allows
adequate core cooling to be provided. Jones and Broughton, ff.
Tr. 5038, at 9.

352. The Staff, Licensee and the rest of ihe nuclear
industry, however, are investigating the design and installa-

tion of a system to trip the reactor coolant pumps

110 The analysis shows that the earliest of the range cf re-
Quired trip times is on the order of 3 minutes. Tr. 5189 (Jones).
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automatically. sStaff Ex. 1 at C2-18; Jensen, f£f. Tr. 15,808,
at 4; Jones and Broughton, ff. Tr. 5039, at 13 (citing Lic. Ex.
1, Supplement 1, Part 3, response to Questicn 11) and 26; Ross
and Capra, ff. Tr. 15,806. at 52-56. The pursuit of this
issue, includirg a schedule for its resolution, has been
incorporated into the Commission's TMI Action Plan. Ross and
Capra, ff. Tr. 15,806, at 55, 56.

353. The lacrt case examined ir these post-TMI-2-
accident analyses is a small-break LOCA with a loss of all
feedwater and a subsequent PORV failure. In this scenario, it
was assumed that: a very small-break LOCA (0.01 ftz) occurs;
the reactor trips on low reactor cooclant system pressure;
off-site power and main feedwater are lost coincident with the
reactor trip; emergency feedwater is not provided to the steam
generators; core decay heat is 1.2 times the ANS standard
value; toth HPI trains functionlllg reactor ccolant system
repressurization results in the pressurizer PORV opening and
failing to close. The results of the analysis show that
Ooperator action within 20 minutes to initiate emergency
feedwater (which will subsequently result in high pressure
injection) or to actuate HPI provides sufficient reactor
coolant inventory to assure adequate core cooling. Jones and
Broughton, ff. Tr. 5038, at 8 and 19 (Table 8); Lic. Ex. 13,

and the cral summary at Tr. 5103-04 (Jones).

111 See n.lo08, supra.
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354. It is clear from these extensive analyses that
multiple failures must occur before a loss-of -coolant accident
can result in a challenge to the criteria of 10 C.F.R. § 50.46,
and that small-break LOCAs can be mitigated within those
criteria. Jones and Broughton, ff. Tr. 5038, at 5 and 11.
Further, the assumption that the operator manually trips the
reactor coolant pumps immediately following a small-break LOCA
is the only reliance on non-safety-grade equipment and the only
short-term operator action assumed in these analyses of

small-break LCCAs.112

Tr. 5204 (Jones); Jensen, ff. Tr.
15,808, at 4. The operators will be tzaié;d to perform this
action (tripping the reactor coolant puips), which is clearly
indicated and requires no diagnosis. Tr. 5204-06 (Jones); Tr.
5302-03 (Brcughton); Jensen, ff. Tr. 15,808, at 4; sStaff Ex. 1
at Cl-16. Operational experience to date indicates that
operators are able to execute this action successfully.
Jensen, ff. Tr. 15,808, at 4; Tr. 5189 (Jones). The Board
finds that this reliance on operator action is 2cceptable.

355. As we have previously noted, the results of the

NRC Staff's review of the generic small-break LOCA analyses

performed by B&W on behalf of operating plants with B&w

112 The need for manual HPI actuation in 20 minutes arises
only for events which are beysnd the design basis of the
plant. 1In any case, the operator has unambiguous indications
ugon which to take such action. Tr. 4836~38, 4867-73

(Jones, Keaten). See also, section II.B (Detection of
Inadequate Core Cooling), supra.
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systems, including TMI-l, are presented in Board Exhibit 4
(NUREG~0565)., The Staff's main conclusions are stated as
follows:
B&W has performed a sufficient
Spectrum of small break LOCA analyses
to identify the anticipated system
performance for breaks in this range.
These analyses serve as an adequate
basis for developing improved operator
guidelines for handling small break
LCCAs. 1In additicn, these analyses
provide an adequate basis for demon-
strating that proper operator action
coupled with a combination of heat
removal from the primary system
through the break, the steam
generators and with the HPI system,
assure adequate core cooling.
Board Ex. 4 at 4-25.

356. Based upon the analyses described akbove, Baw
has developed operator guidelines for managing small-treak
LCCAs. These guidelines contain two parts: Part I provides
the guidelines which define ocperator actions during a small-
break LOCA; Part II prov des a description of plant behavior
during a small-break LOCA and discusses the effects of the
operator actions given in Part I. Lic., Ex. 12; Jones and
Broughton, ff. Tr. 5038, at 10. These guidelines include the
immediate action to trip the reactor coolant pumps ané the
subsequent filling of the steam generators to a higher level
following reactor coolant Pump trip to enhance natural circula-
tion. sStaff Ex. 1 at C2-17. See also, id. at Cl-14, 15.

357. TMI-1 plant emergerncy procedures have been

developed to implement these B&Ww guidelines. Jones and
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Broughton, ff. Tr. 5038, at 10, 1l. These procedures include
instructions on starting and stopping reactor coclant pumps,
terminating high pressure injection, verifying proper cperation
of the emergency feedwater system, and monitorinyg core cooling.
Id.; Staff Ex. 1 at Cl-15. Licensee revised the procedures as
a result of Staff comments jenerated during its review, and the
Staff concluded that the TMI-1 prccedures adequately reflect
the B&W guidelines. Staff Ex. 1 at Cl-15.

358. 1In response to long-term action 2 of the
Commission's Order and Notice of Hearing, Licensee has sub-
mitted to the Staff additional information concerning small-
break LOCA analyses. While further efforts in this area will
be undertaken as a part of the Commission's TMI Action Plan,
the Staff has concluded that Licensee has made reascnable
progress toward the satisfactory completisn of this action.
Staff Ex. 14 at 50. See also, Ross and Capra, ff. Tr. 15,806,
at 19-21.

359. The Board finds that, contrary to the concerns
expressed in former UCS Contention 8, adeguate analyses have
been performed tc show that adequate protective actions have
been taken for the entire spectrum of small-break LCCAs. We
also find, on the basis of an extensive evidentiary record
which was heavily scrutinized by the Board and the parties,
that Licensee has not relied improperly upon operatcr action or
on non-safety-grade equipment. In response to the Commission's

Order, which imposed requirements with respect to small-break
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LOCAs which we find to be both necessary and sufficient,
analyses have been performed which demonstrate adequate core
cooling capability ard which serve as a basis for appropriate
guidance for operator action, which has been developed and
provided. Ccnsequently, the Boardé finds that TMI-1l can safely

mitigate small-break loss-of-coolant accidents.113

P. Systems Classification and Interaction

UCS Contention No, 14: The accident demcnstrated that there
are systems and components presently
classified as non-safety-related which
can have an adverse effect on the in-
tegrity of the core because they can
directly or indirectly affect tempera-
ture, pressure, flcw anc/or reactive-
ity. This issue is discussed at
length in Section 3.2, "System Design
Requirements," of NUREG-0578, the
TMI-2 Lesscns Learn Task Force Regort
(Skort Term). The following gquote
from fage 16 of the regport descrikes
the problem:

There is another perspective on
this question provided by the
TMI-2 accident. At TMI-2,
Operational problems with the
condensate purification system
led tc a loss of feedwater and
initiated the sequence of events
that eventually resulted in

113 We note that since the TMI-2 accident ancther licensing
board, in a sgecial proceeding on the adequacy of NRC-ordered
modifications at an operating EB&W plant, reviewed the
capabilities of natural circulation, these same Baw small-treak
LCCA analyses and operator guidelines, and concluded that the
analyses and guidelines were adequate, and that the plant can
safely respond to ané mitiyate small-break LCCAs. See,
Sacramento Municipal Utility District (Rancho Seco Nuclear
Generating Station), LBP-8l1-12, 13 N.R.C. - 8lip op. at 59
(May 15, 1981).
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damage tc the core. Several
nonsafety systems were used at
various times in the mitigation
of the accident in ways not
considered in the safety
analysis; for examgle, long-term
maintenance of core flow and
cooling with the steam generators
and the reactor coolant pumps.
The present classification system
does not adequately recognize
either of these kinds of effects
that nonsafety systems can have
on the safety of the plant.

Thus, requirements for n nsafety
systems may be needed to reduce
the frequency of occurrence »f
events that initiate or adversely
affect transients and accidents,
and other requirements may ke
needed to impvove the current
capability for use of nonsafety
systems during transient or
accident situat:ions. In its work
in this area, thaz Task Force will
include a more :ealistic assess-
ment of the interaction Ltetween
OfFerators and systems.

The Staff proposes to study the
problem further. This is not a
sufficient answer. All systems and
components which can either cause or
aggravate an accident or can be called
upon to mitigate an accident must

be identified and classified as
components important to safety and
required to meet all safety-grade
design criteria.

This contention by intervenor UCS involves a

frontal and generic attack on the entire licensing scheme

In its First Prehearing Conference Crder, dated December
18, 1979, the Board limited UCS Contention Nc. 14 to the "core
LBP-79-34, 10 N.R.C. 828, 837 (1879).

cooling system."

-242-



employed by the Commission. The concern raised in UCS
Contention No. 14 is common to all licensed nuclear power
plants in the United States. Tr. 8125 (Pollard). UCS chal-
lenges the classification as "non-safety-related” of systems
and components which UCS contends can have an adverse effect on
the integrity of the core. The relief sought is that "[a]ll
fystems and components which can either cause or zggravate an
accident or can bte called upon to mitigate an accident must be
identified and classified as components important to safety and
required to meet all safety-grade design criteria.” while this
contention is extremely general, UCS more specifically contends
elsewhere that identified components and systems should be
upgraded to meet safety-grade design criteria. See, e.g., UCS
Contentions 2 (reactor coolant pumps), 2 (pressurizer heaters),
and 5 (PCRV and block valve). The Bocard will address those
contentions elsewhere in this decision, ocn the basis of the
evidentiary record compiied specifically to meet those issues.
36l. UCS Contention No. 14 makes use of the terms
"non-safety-related,” “ncnsafety systems,” "important to
safety" and “"safety-grade." UCS witness Pollard testified that
Commission policy and practice has been to apply the General
Design Criteria (Appendix A to 10 C.F.R. Part 50) to
structures, systems and components variously referred to as
safety-related, safety-grade or important to safety. Pollard,
£f. Tr. 8091, at 14-3, 14-4. 1In order to understand the
implications for safety of the Commission's scheme for clas-

sifying systems and components, as well as the concern with
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interactions among these systems and components, it quickly
became apparent that more careful use of these terms was needed
and that the Board would have to attempt to master the meaning
of the various classificaticn terms exployed in the contention,
as well as the general design approach emplecyed at TMI-1.

362. The general design approach used at TMI-l to
assure the safety of the public is to provide multigple levels
of control or protection features for expected operational
events, expected transient conditions, or severe equirment
failures or natural phenomena. The equipment used to provide
the greatest assurance of protection for the most severe plant
accidents, or to assure safe shutdown despite severe natural
phencmena, is designed and constructed to the highest stan-
dards. Systems designed to less stringent but still rigorous
standards are used to control less severe trarsients and normal
operations. The acceptability of the less stringent ccandard
lies in the reduced consequence if these systems fail during a
transient or normal operation, and the fac*t that the resulting
event is less severe than (i.e., bourded by) the design basis
events for the systems relied ipon to proteci the public. 1In
the event that these normal contro) systems fail to perform
their function, they are backed up by the equipment fully
Capable ¢ mreting the resulting event -- the equipment
designed and constructed to the highest standards (i.e., fully
safety-grade). Keaten and Brazill, ff. Tr. 7558, at 14.

| 363. Staff witness Conran, in turn, descrited how

the staff licensing process employs the classification of

~244-~



structures, systems and components., The Staff's review appears
to recognize the general design apprnhach described by Licensee
witness Keaten. See paragraph 362, supra. The first class to
be considered includes the structures, systems and components
important to safety. This class is defined in the introduction
to the General Design Criteria ("GDC") as those "structures,
systems, and components that provide reasonable assurance that
the facility can be operated without undue risk to the health
and safety of the public." From its consistent use throughout
the GDC and in other parts of the Commission's regulations, it
is clear that the term "importan: to safety®” is meant to apply
generally to all structu_es, systems and components addressed
in the GDC. Cenran, ff. Tr. 8372, at 4.

3J64. As the Board noted above (Paragraph 361,
Supra), UCS witness Pollard lumps the terms "important to
safety," "safety grade" and “safety related" as equivalent to
the definition in the GDC of "important to safety." Pollard,
f£. Tr. 8091, at 14-3, 14-4. According to the Staff, this is
wrong. While the torm “safety-grade” is widely used in the
Staff's safety review process, it is not defined explicitly in
the regulations and its meaning must be inferred from the
language of the regulations. Conran, ff. Tr. 8372, at 4.

365. General Design Criterion 1 introduces the
notion of different quality levels for plant features with
differing safety roles and varying degrees of importance to

safety. oSpecifically, GDC-1 requires application of ", . .
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quality standards commensurate with the importance of the
safety function to be performed . . ." for structures, systems
and components important to safety. Conran, ff. Tr. 8372, at
4.

366. Appendix A to 10 C.F.R. Part 100 implements the
concept established in GDC-1 (i.e., gradations in guality
levels corresponding to relative safety importance) by
identifyingy explicitly a select sub-class of structures,
systems and components (out of the brocad class "important to
safety”) that are required for the performance of specific,
critical safety functions (e.g., safe shutdown, accident
prevention and conseguence mitigation). Specifically, section
III.c of Appendix A to 10 C.F.R. Part 100 defines the Safe
Shutdown Earthgquake (the most severe seismic event analyzea for
a nuclear power plant), and requires that certain structures,
systems and components (impertant to safety) be designed to
remain functional for that event. These certain plant features
and the critical safety functions they must perform are further

identified as those necessary to assure:

(1) The integrity of the reactor coclant pressure
boundary,

(2) The capability to shut down the reactor and
maintain it in a safe shutdown condition, or

(3) The capability to prevent or mitigate the conse-
quences of accidents which could result in
pFotential cffsite exposures comgparable to the
guideline exposures of this part,

Very high quality standards must te applied to plant features

cequired for such purpcses, in order to assure their
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availability when called upon and their very high reliability
in service. Such considerations are the origin of the term
*safety-grade.* The Staff applies that term only to the
Structures, systems and components requized to perform the
above-identified critical safety functions. Conran, ff. Tr.
8372, at 4, 5.

367. The Staff reports, then, that “safety-grade"
Structures, systems, and components are a sub-class of those
"important to safety,"” which is the broad class of all
struct’ ires, systems and components addressed in the General
Design Ciiteria. While all structures, systems :nd compongnts
encompassed by the term “important to safety," including the
"safety-grade" subclass, are necessary to meet the broad safety
goal articulated in the GDC (i.e., to provide reasonable
assurance that a facility can be operated without undue risk to
the health and safety of the public), only "safety-grade"
structures, systems and com,onents are required for the
critical accident prevention, safe shutdown, and accident
consequence mitigation safety functions identified in 10 C.F.R.
Part 100. Conran, f£f, Tr. 8372, at 6. See also, Tr. 7573
(Keaten) (the requirements for safety-grade equipment are
imposed upon those systems which are required to mitigate the
consequences of an accident and protect the health and safety
of the public). The Staff has identified these structures,
systems and components which must be safety-grade and has
listed them in detail in Regulatory Guide 1.29. Conran, ff.

Tr. 8372, at 6.
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368. UCS witness Pollard countered that his experi-
ence did not support the distiuction made by the Staff between
"safety-grade" and "important to safety.”™ Tr. 8096 (Pollard).
He further argued that if the Staff's classification scheme is
correct, then there shculd be references in NRC regulations and
documents to "non-safety-grade/unimportant to safety" equip-
ment. Tr. 8094 (Pollard). Leaving aside the weight to be
given Mr. Pecllard's experience, the Board canaot arprec.ate why
he might expect to see equipment unimportant =o safety in the
regulations or documents of the Nuclear Regulatory Commission
== an agency whose sole charter is safety.lls Tr. 8398
(Conran). "The Staff's explanation of these terms, which was
not even attemgted by others, appears well founded from the
regulations discussed. It is no less sound because it has not
Freviously been articulated so clearly and concisely. The fact
is that the nuclear power plants in cperation today generally
have been licensed in accordance with the classification scheme
described by the Staff. Tr. 8410 (Conran).

369. UCS contends that the TMI-2 accident demon-
strated errors made in applying the Commission's classificatien
scheme. The first asserted error is that because some
non-safety-grade systems were used to mitigate the accident,

this illustrates that those sysvems were erronecusly classified

115 The NRC Staff does review equipment and components which
are important to safety, but not safety-grade. See Tr. 7689-90
(Featen); Tr. 8334-96 (Conran).
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and should be safety-grade. Pollard, ff. 8091, at 14-4 to
14-6. It is acknowledjed that non-safety-grade systems and
components were used in the mitigation of the TMI-2 accident.
It is important to remember, however, that resort was made to
use of non-safety-grade systems and components in the accident
mitigation rcle only after improper operation of installed
safety systems had resulted in severe core damage and other
beyond-design-basis conditions. Conraa, f££f. Tr. 8372, at 8.
The central issue is not whether these systems were used, but
whether they are required. The real test is whether it is
acceptable to nave the subject system or component unavailable.
If it is acceptable toc have a given system unavailable because
there are other systems which can protect the health and safety
of the public, but the system in question is used because it is
available and perhaps familiar to the operators, it need not be
fully safety-grade. Tr. 7573-74, 7867 (Keaten)., At the time
of the accident, TMI-2 had operaktle safety-grade systems which
were fully capable of preventing core damage. ‘fr. 7703
(Keaten).

370. Another classif.cation ecror UCS contends was
revealed by the TMI-2 accident is the failure to reguire that
systems classified as important to safety meet all the
requirements applicable to safet '~grade equipment. Pollard,
££. Tr. 8091, at 14-6. Of course, this Fosition assumes that
the classification of a system as “important to safety"

dictates the applicability of all "safety-grade" design
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116 We

critecria. The Board has already rejected this view.
further reject emphatically the idea that the Staff faces an
®all-or-nothing®™ choice of directing the upgrade of non-safety
systems to fulliy safety-grade, or making no improvements
whatsoever. 1In scme instances (as has been tie case for some
of the non-safety components which were involved in the TMI-2
accident sequence and recovery process), even though none of
the Staff's decision criteria that would require upgrading are
met, the Staff may decife as a prudent measure to require
upgrading of the system or component in questicn, but not to
fully safety-grade. This might be done in order to imgrove the
availability cof the component in question, and thereby provide
increased safety margins or greater flexibility for dealing
with potential future accident situations. Conran, ff. Tr.

8372, at 10. Such actions have been taken as to several

systems and components since the TMI-2 accident. Id. at 13,

14.
371. Mr. Pollard reports this practice to be
unprecedented, in his experience. Tr. 8100 (Pollard). The

Staff reports that it has been done often in the past. §See Tr.

116 An example of such a deficiency, offered by Mr. Pollard,
is the fact that the protection system signals used to initiate
ECCS operation were not derived from direct measurements of
reactor vessel water level. Pollard, ff. Tr. 8091, at 14-6,
The TMI-2 accident, however, 4id not demonstrate any deficiency
in the design for protection system signals, and reactor vessel
water level would be a much inferior signal to use tnan reactor
cocolant system pressure. Tr. 7570-71 (Keaten).
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8403-04 (Conran). Wwhether ur not it is a new practice is
irrelevant. The Boarc¢ btelieves it is a wise one. The Staff
should have the flexibility of ordering improvements short of
fully safety-grade, ind we do not understand how anyone
sincerely interested in enhancing the safety of nuclear power
plant operation could oppose such a policy.

372. UCS alsoc asserts that the TMI-2 accident
disclcsed errors in the determination of the design basis event
for which safety-grade systems must grovide protection.ll7
Pollara, ff. Tr. 8091, at 14-6, 14-7. 1In sum, UCS witness
Pollard does not believe that the General Design Criteria,
which are Commission regulations, are adequate tc protect the
health and safety of the public. Tr. 8115 (Pollard). There
were, hcwever, no failures of safety-grade equipment to perform
its intended safety function during the TMI-2 accident.118
Keaten and Brazill, ff. Tr. 7558, at 15. 1If operator aiction

had not interfered with the proper functioning of the installed

safety systems to their design capability, the safety-grade

117 This allegation, of course, was the subject of UCS Conten-
tion No. 13, which was abandoned by UCS in its letter of January
5, 1981.

118 The example of such a deficiency, cited by UCS witness
Pollard, is the decay heat removal system. Pollard, ff.

Tr. 8091, at 14-7. The decay heat removal system at TMI-2,
hcwever, could have lLeen used; it simply was preferred

at that time to use other ccre cooling modes. Further, stegs
have teen taken at TMI-1 to ensure that the decay heat removal
system could ce used even if the primary coclant contained very
high levels of radicactivity. Tr. 7571-73 (Keaten).
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systems could have accommodated the effects of non-safety
component failures that occurred, and still have prevented the
sericus core damage and other outside~design~-basis effects that
resulted. Conran, f£. Tr. 8372, at 11.

373. 1In short, the TMI-2 accident did not demon-
Strate that the inherent design capabilities of safety systems
were inadequate to protect against failures in non-safety
sSystems, or that there were unacceptable interactions of
non-safety-grade equipment with safety systems. 1In fact, it
provided additicnal insight into the positive results that can
be obtained if non-safety systems are available and utilized.
Keaten and Brazill, ff. Tr. 7558, at 15. Cece also, Conran, ff£.
Tr. 8372, at 7 (it has not been established that non-safety
systems alone can have an adverse effect on the integrity of
the core). The TMI-2 accident did not demonstrate any
inadequacy in the Commission's scheme for classification of
Systems. Tr. 4507 (Keaten). Contrary tc UCS Contention No.
14, the Board finds that it is not necessary or approgriate
that all systems ané components which can either cause or
agGravate an accident or can be called on to mitigate an
accident be identified and classified as components important
to safety and required to meet all safety-grade criteria. See
Tr. 8673-74 (Conran). We believe that, as the term “important
to safety" is used here, such systems and components would
already be classified as important to safety, and that not all

Such systems and components need to be safety-grade. Only
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components required for specific critical safety functions need
to meet safety-grade design criteria. Conran, ff. Tr. 8372, at
8; Tr. 7747 (Keaten),

374. There is no need, tnen, for any of the
non-safety systems or components that contributed to the TMT-Z
accident, or that were called upon in the accident recovery
process, to be made safety-grace. Reliance can stili be placed
at TMI-1l on the capability of safety systems currently provided
in the TMI-1 design to assure adequate safety, without resort
tc the general upgrading of non-safety systems and components
which would ke required by the contention, if Froper operation
of installed safety systems is assured such that full credit
can be taken for the functioning of those systems to design

capability.119

Conran, ££. Tr. 8372, at 11, 12. The conclu-
sion this Board comes to consistently is that the real lessons
learned from the TMI-2 accident are in the plant software --
Operatcr training and procedures =-- rather than in the Flant
hardware, which was capable of preventing core damage. See Tr.
7748 (Keaten). The endorsement of UCS Contention No. 14 would
require unknown upgrades t¢ unknown systems and comgonents,

with the potential safety disadvantage of adding unnecessary

complexities to the plant which would make it more difficult

119 The Staff has taken a number of corrective measures in the
aftermath of the TMI-Z accident to better assure that cperators
will not interfere with the progper functioning 0% installed safe-
ty systems in the future. See Conran, ff. Tr. 8372. at 12, 13.
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for thclopctator to exercise effective control. Tr. 7712-14
(Keaten); Tr. 8675-77 (Conran).

375. UCS witness Pollard takes the position, stated
in UCS Contention No. 14, that the Staff's effort to study the
questiocn of safety/non-safety systems interaction is inade-
Quate. Pollard, ff. Tr. 8091, at 14-8. As a part of the
Commission's overall TMI Action Plan, the NRC Staff does have
Plans and programs for evaluating possible safety effects of
non-safety systems and components generally, and for reassess-
ing the appropriateness of the current non-safety clas-
€ifications in view of the lessons learned from the TMI-2
accident. Conran, ff. 8372, at 14, 15. The Staff already has
efforts underway in this regard at the Lawrence Livermore,
Brookhaven National, and Battelle Northwest Laboratories. TL.
8375-78 (Conran). There aprears to be nc disagreement among
the parties that such efforts should be pursued. The dis-
agreement lies in the schedule for such studies vis-a-vis the
proposea restart of TMI-1l., Tr. 8172 (Pollard).

376. Board Question 3 inquires in detail into the
Staff's Interim Reliability Evaluation Program, and Board
Question 2 explores the sufficiency generally of the short-term
and long-term actions recommended by the Staff for T.'I-l. See
section II.T, infra. The Board is convinced, on the basis of
its inquiry here and on Board Cuestions 2 and 3, that it is not
necessa. Lo postpone the restart of TMI-1 for several years

until such studies are completed. The existing Satfety analyses
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for the plant and the substantial improvements which have been
made and will be made pursuant to this decisiocn are more than
adequate to provide reasonable assurance of safe operation
until the systems interaction issue is explcored in more
depth.lzo See Tr. 7574-75 (Keaten). The Board agrees with the
Advisory Committee on R2actor Safeguards that a study to
examine tho plant, from the standpoint of systems interactions
that may degrade safety, should bte conducted on a timely basis,
but that its completion should not be a condition for restart.

Staff Ex. 14, Appendix C at 2.

Ga Emergency Feedwater Reliability

Board CQuestion No. 6: a. Is a loss of emergency feedwater
following a main feedwater
transient an accident which must
be procected against with
safety-grade equipment? Would
such an accident be caused or
aggravated by a loss of non-
nuclear instrumentation, such as
cccurred at Cccnee?

b. In what respect is the emergency
feedwater system vulnerable to
non-safety~grade system failures
and to operator errors?

C. What has been the experience in
other power plants with failures
¢f safety-grade emergency
feedwater systems, if they have
such systems in other power
plants?

120 wWe note that the Commission has chosen nct to impose on
TMI-1l, or any other licensee to date, a requirement to perform
the specific evaluation recommended in section 9, NUREG-0585
(Review of Safety Classifications aad Qualifications). Tr. 8701
(Conran).
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What operator action is required
to operate in a feed-and-tleed
mode following a loss of
emergency feedwater?

If the emergency feedwater system
were to fail, what assurance do
we have that the system can be
cooled by the feed-and-bleed
mcde? This is of particular
concern if the PORV's and safety
valves have not been tested under
two-phase mixtures.

Can the system be taken to ccld
shutdown with the feed-and-bleed
cooling only? Are both high
pressure injection (EPI) pumps
required to dissipate the decay
heat in the feed-and-tleeé mode?
The board would like an eval-
uation cf the reliability cf the
feed-and-bleed system. Has there
been any experience using that
system?

If there is a loss of steam in
the seccndary system which
results in failure of the
turbine-driven feedwater pumps,
will both motor-driven pumps be
required to supply the requisite
amount ~7 feedwater? Does this
meet the usual single-failure
criteries since it appears that a
redundai t system requires
multiple components to operate?

Can the turbine driven pumps and
valves be operated on Direct
Current, or are they dependent
upon the Alternating Current
safety buses?

Will the reliakility of the
emergency feedwater system be
greatly improved ugon conversion
to safety-grade, and is it the
licensee's and staff's position
that the improvement is enough
such that the feed-and-bleed
Pack-up is not required?
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Je Will the short-term actions
Froposed improve the reliability
of the emergency feedwater system
to the point where restart can be
permitted?

K. Question 6 should be addressed
with reference to Florida Power &
Light Co. (St. Lucie, Unit 2),
ALAB-603, (July 30, 1%80), i.e.
whether loss of emergency
feedwater is a design basis event
notwithstanding whether design
criteria are met.

377. Board Question No. 6 was first identified by
the Board during the prehearing conf:rence of August 12 and 13,
1980, See Tr. 2394-96. The Board r«duced the guesticn to
writing in its Memcrandum and Order of September 8, 1980 (at
A-31 to A-33), and in its Mcwmorandum on Board Cuestions, dated
September 12, 1980. Board Cuestion 6 is entitled, "Emergency
Feedwater Reliability," and is divided into parts "a" through
"k", which are guoted aktove.
378. In response to Bocard Cuestion 6, Licensee filed
and presented the following direct evidence:
l. Licensee's Testimony of Gary R. Capodannc, Louis
C. Lanese and Joseph A. Torcivia in Response to
Board Questions 6.a, 6.b, 6.c, 6.9, 6.h, 6.1,
6.] and 6.k, following Tr. 5642;
2. Licensee's Testimony of Robert C. Jones, Jr. in
Response to Board Cuestions 6.e and 6.f,

followir2 Tr. 4588; and,

3, Licensee’'s Exhibit No. 15, "TMI-1 Emergency
Feedwater System."

Part 6.4 of the question was answered at page 12 of Licensee's

Testimony of Robert W. Keaten and Robert C. Jones in Response
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to UCS Contention Nos. 1 and 2 (Natural and Forced Circula-
tion), following Tr. 4588.

379. Licensee's Exhibit No. 15, which was prepared
especially for this hearing to supplement the written testimony
in response to Board Question No. 6, describes the TMI-l
emergency feedwater ("EFW") system as it existed prior to
recent modifications, the modifications being made to the
system prior to plant restart, and the long-term modifications
pPlanneud for the TMI-1 EFW system. The exhibit discusses the
reliability of the EFW system both before and after these
modifications, and compares the system against the NRC General
Design Criteria (Appendix A to 10 C.F.R. Part 50) directly
applicable to the system design.

380. In response to Board Question Nc. 6, the NRC
Staff filed and presented the "NRC Staff Testimony of J.
Wermeil, W. Jensen, E. Lantz, and B. Boger Regarding Emergency
Feedwater System Reliability (Board Questiocn 6)," following Tr.
5616 and 6035. No cther party filed direct test.mony on Board
Question 6.

381. At the hearing session of November S, 1980,
before the evidence identified above was offerea and presented,
the Board, on the basis of its review of the pre-filed testi-
mony, advised Licensee and the Staff that their testimony on
Board Question 6 did not adéress all of the issues the Board
intended to bte covered by the question. The Board clarified
the 1ssues which it intended to be addressed in Ecard Question

No. 6 to include the following:
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How would the emergency feedwater system,

if relied upon, bring the plant to cold

shutdown?

If emergency feedwater fails, what are the

complexities and problems involved in the

operation and termination of the feed and

bleed cooling mode?

How is an alternative cocling mode, such as

restoration of emergency feedwater,

initiated in order to bring the plant to

cold shutdown?

See Tr. 4812, 4813.

362. 1In response to this clarification, Licensee
filed "Licensee's Supplemental Testimony of Robert W. Keaten,
Joseph J. Colitz and Michael J. Ross in Response to Board
Question Nc. 6 (Emergency Feedwater heliability),' dated
November 25, 1980 (following Tr. 16,552).

383. At the hearing session of November 20, 1980,
during the examination of NRC Staff witnesses on their initial
emergency feedwater reliability (ustimony, and tefore the
parties had responded to the November S5th clarification of
Boara Question 6, Administrative Judge Jordan stated his views
on the deficiencies he perceived in the evidertiary record on
emergency feedwater reliability. The postulates advanced and
concerns raised by Adminiutrative Judge Jordan on November 20,
1980, went beyond the Board's November 5th clarification of
Board Cuestion 6 and, consequently, were not addressed in the
supplemental (Keaten-Colitz-Ross) tectimony Licensee filed on
November 25, 1980.

384. The concerns raised by Administrative Judge

Jordan on November 20, 1380, prompted the filing of still
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further written testimony on Board Cuestion No. 6. Licensee
filed and presented "Licensee's Second Supplemental Testimony
of Rotert W. Keaten in Response to Board Cuestion No. 6
(Emergency Feedwater Reliability)," following Tr. 16,612, ThL2
Staff filed and presented "NRC Staff Supplemental Testimony of
J. Wermeil and J. Curry Regarding Emergency Feedwater System
Reliability (Board Question 6)," following Tr. 16,718.

385. The Board's r.~dings of fact on Board Question
No. 6 will be divided into the following three parts, to
reflect the evolution of the guestion during the hearing: Part
I, the original, written version of Board Question 6; Part II,
the oral clarification by the Board at the hearing session of
November 5, 1980; and Part III, the issues raised by
Acministrative Judge Jordan at the hearing session of November
20, 1980, First, however, it is appropriate to discuss the
reasons why the Board posed its CQuestion 6, and to establish,
in summary fashion, the role and design of the TMI-1 EFW
system, and the mcdifications which have been and will be

undertaken.

Emergency Feedwater at TMI-1

3866. The Board has already found that the unavail=-
ability of emergency feedwater for a short period at the
beginning of the TMI-2 accident had no significant effect on
its outcome. See paragraph 274, supra. Nevertheless, follow=-

ing the March 28, 1979 accident at TMI-2, the EFW systems for
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operating pressurized water reactors were reconsidered to
determine where changes might be made in design or operation to
improve tre likelihood of proper functioning of the system upon
demand. This rc-examination of PWR EFW systems occurred
primarily as part of two post-TMI NRC activities =-- the
Bulletins and Orders Task Force and the Lessons Learned Task
Force. Other post-TMI reviews (such as the Kemeny Commission
and the Rogovin Group) did not identifv significant modifica-
tions specifically related to the EFW system, although many of
their gencral rec~mmendations will tend to improve the reli-
ability of EFw along with other plant systems. Wermeil and
Curry, ££. Tr. 16,718, at 2.

387. The NR. Staff's early evaluation of the TMI-2
accident led it to the view that B&W designed reactors ippear
to be unusually sensitive to certain off-normal transiert
conditions originating in the secondary system and that,
because of features of the BaW design that contribute tc this
sensitivity, B&W designed reactors place more reliance on th~
reliability and performance characteristics of, among other
systems, the emergency feedwater system, than do other PWR
designs. See Commission Order and Notice of Hearing, CLI-79-8,
10 N.R.C t1, 142-143 (1979). Consequently, several of the
short and Jng-term accions recommended by the Director of
Nuclear Reactor Regulation go to improvements to the TMI-1 EFW
system. Short-term action l(a) calls for the performance of

specified items to upgrade the timeliness and reliability of
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the EFW system. Short-term action 1l(b) recommends the
development and implementation of Cperating procedures for
initiating and controlling EFW independent of integrated
control system (ICS) control.121 Short-term action 2 would
require, among other things, IE Bulletin 79-05A items on EFW
valve positioning procedures and EFW train operability. See
Wermeil and Curry, ff. Tr. 16,718, at 2, 3. Short-term action
8 and long-term action 3, which incorporate the NUREG-0578
recommendations, include NUREG-0578 item 2.l1.7.a on autcmatic
initiation of the EFW system, and item 2.1.7.b on EFW flow

indication toc the steam generators. See, generally, Commission

Crder and Notice of Hearing, CLI-79-8, 10 N.R.C. 141, 144-145
(1979), and Staff Ex. 1.

388. Ncne of the contentions raised Cy the inter-
venors challenge the reliability of the TMI-1 emergency
feedwater system.122 Nevertheless, because of the early
concerns vciced by the Staff and the several Commission Order
items directed at the EFW system, Board Question 6 was posed to

determine whether the TMI-1 emergency feeawater system is

sufficiently reliable to permit restart of the plant.

121 This modification is alsc discus-ed in our findings on
the integrated control system. See paragraph 182, supra.

122 UCs Contention No. 10 proposes that the design of the
EFW system, among others, te modified to Frevent operator
intervention after automatic initiation. The Board, hcwever,
has already rejected this UCS proposal. See section II.D,

sdpra.
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389. We proceed, first, to address in a general way
the role of the EFW system in plant operation and the design of
the s stem. The primary system reactor coolant normally
removes heat from the fuel and transports it through two piping
loops (hot legs) to the top of the two steam generators. The
cooler fluid then goes out the steam generator cold legs,
through four reactor ccolant pumps, and back into the reactor
vessel and the lower portion of the core. Keaten et al., ff.
Tr. 16,552, at 2. See also, id. at Figure 2 (which is also
Licensee Exhibit 17) for an illustration of the major gplant
Sys’ ".s at TMI-1l.

390. The two steam generators are large, vertical,
tube-in-shell heat exchangers that transfer the Frimary system
heat through tubing walls into the secondary system. The
primary coolant passes through the inside of the steam gen-
erator tubes. Heat is transterred through the tube surface to
the outer, or secondary, side of the tubes where the cocler,
secondary fluid is heateé. The secondary ccolant boils in the
steam generatcrs. Keaten et al., ff. Tt; 16,552, at 3.

391. Secondary side makeup water (feedwater) is
normally provided by the main feedwater system. The feedwater
system contains two main feedwater pumps, three condensate
pumps and three condensate booster pumps lccated in the turbine
building which supply the two steam generatcrs. After the
reactor has tripped, this system can supply encugh feedwater to

remove residual heat with only one main feedwater Fump, one
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condensate pump and one condensate booster pump supplying one
steam generator. (See paragraph 422, infra.) The steam
produced in the steam generators is normally piped through the
containment structure and through the turbine bypass valves to
the shell side of a condenser where it is condensed to liguid
water. From there the water is returned tc the steam generator
by the main feedwater system. Keaten et al., ff. Tr. 16,552,
at 3.

292. The emergency feedwater system at TMI-1 is an
alternate source of steam generator secondary side water
supply. In the event main feedwa%er is not available (for
example, the prcpe: combination of the condensate Pumgs,
condensate booster pumps, main feedwater pumpe, or the main
condenser are nct available), *the EFW system would supply water
from either or both of the con_ensa-‘e storage tanks123 to the
secondary side of the steam generators. The steam produced
woulé be removed through the turbine byrass valves to the main
condenser, if available, or through the main steam relief
valves or the atmospheric dump valves to the atmosphere.
Keaten et al., ff. Tr. 16,552, at 3, 4.

393. The TMI-l EFW system consists Juf two feed

trains supplied by one turbine-driven pump and two moteor-driven

123 Each of the two interconnected condensate storage tanks
has a capacity of 250,000 gallons; and, by Technical Sgec-
ifications, each is required to contain a minimum of

150,000 gallons of water for EFW use. Another water source
is the 165,000~-gallon condenser hotwell. A backup source of
river water is also available via the Reactor Building emer-
gency cooling pumps. Lic. Ex. 15 at 1, 4.
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pumps with common suction sources. Prior :o the modifications
tc the system, it could feed emergency feedwater to either or
both steam generators under automatic initiation of the
turbine-driven pump or manual initiation of the motor driven
pulps.lz‘ The turbine-driven pump is started automatically
either on loss of btoth main feedwater pumps or on loss of all
four reactor coolant pumps. In the case where the
turbine-ariven EFW pump is not available, prior to the
medifications the two motor-driven pumps would be started
manually by an operator. Lic. Ex. 15 at l, 4-5. The two
motor-driven EFW pumps can be powered from either on-gite or
off-site AC power sources. The steam-driven EFW pump reguires
neither off-site nor on-site AC Eower sources to operate. Any
one of the three EFW pumps Supplying water to either of the two
Steam generators has sufficient capacity to remove residual
heat. Keaten et al., £f. Tr. 16,552, at 4. See also, Tr.
5662-72 (Capodanno); pParagraphs 415 and 416, infra.

394, The flow of emergency feedwater to each steam
generator is controlled by air-operated medulating flow control
valves. Positioning of these valves is via electric to
Pneumatic converters that receive control signals from the ICS.
The valves are modulated to maintain the desired steam

generator water levels.lzs The valves are also interlocked

124 A common discharge crosstie permits any of the three
pumps to feed either or both of the &¢+~am generators through
a piping system that is independent of the normal main
feedwater system. Lic. Ex. 15 at 1, 2.

125 1If all four reactor coolant Pumps are tripped, the valves
will open and control to the setpoint for reactor cuolant
(continned next page)
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wit> pressure switches so tha.L emergency feedwater (and main
feedwater) is cut off to a given steam generator if a low
pressure (less than 600 psig) is detected within that
generator. Lic. Ex. 15 at 2.

39%. A number of modifications will be made to the
TMI-1 emergency feedwater system prior to plant restart. See,
generally, Staff Ex. 1 at Cl-l to Cl-12, C2-6 and 7, C8-34 to
C8-40; staff Ex. 14 at 13-14, 38-39; Tr. 5672-81 (Capodanno).
An important modificaticn is the installation of a safety-grade
auto-start for the EFW pumps. The EFW system, as modified for
restart, will automatically start the turbine-driven Fump and
both motor-driven pumps upon:

(a) loss of both main tfeedwater pumps, or

(b) 1loss of four reactor coolant Pumgs.
This autc-start capacility will exist with a loss of off-site
power, and with a concurrent ESFAS actuation with or without a
loss of off-site powet.126 Lic. Ex. 15 at 6; Tr. 5823-26

(Capodanno. Lanese). The FFW pump automatic initiation signals

(centinued)

pump trip. If at least one reactor coolant Fump is operating,
but both main feedwater pumps have tripped, the valves will

open and control to a lower setpoint. If at least one reactor
coolant pump and one main feedwater pump are operating, becth
valves are directed tc remain closed. Manual control of

vaive position is also availabtle in the ICS in the control rcom.
Lic. Bx. 15 at S.

126 Previously, the loss of off-site power concurrent with
ESFAS actuation would have inhikbited starting of the motor-
driven EFW pumps. Lic. Ex. 15 at 6.
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are irdependent of the ICS. Staff Ex. 1 at C8-35. Licensee
has committed to modify the EFW system to provide, prior to
restart, control room annunciation for all automatic start
conditions of the EFW system. Staff Ex. 1 at Cl-7, 8. Prior
to restart, Licensee will perform a functional test to verify
that all EFW pumps automatically start cn loss of feedwater or
loss of four reactor coolant pumps. Staff Ex. 1 at Cl-=l. In
addition, all EFw pumps can be started manually from the
control room. With these medifications, a single failure will
not result in the loss of the EFW system function during a
loss-of-coolant accident. Lic. Ex. 15 at 6. Further, a single
failure in the automatic initiation system will not result in
the inability to actuate the emergency feecdwater pumps on a
luss of main feedwater or lcss of off-site power. Staff Ex. 1
at C8-35.

396. The criginal EFw system design did not have any
Frovision for indication in the control rcom of emergency
feedwater flow. Safety-grade, redundant indication of EFW flow
to each steam generator will be provided in the control room
prior to restart. Lic., Ex. 15 at 6; Staff Ex. 1 at C8-39.
Licensee has committed to perform a functional test of the new
EFW flow instrumentation gprior to restart. Staff Ex. 1 at
Cl-=5. Based upon the Staff's review of Licensee's design for
providing safety-grade EFW flow indication in the contrecl room
and on the information that the flow transducers are qualified

for operation in the assumed environment from a postulated main
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steam lire break in the Intermediate Building, the Staff has
concluded that Licensee is in compliance with the NUREG-0578
recommendation, in item 2.1.7.k, for emerjency feedwater flow
indication to the steam generators. Staff Ex. 1 at C8-40;
Staff Ex. 14 at 39. The Staff will verify that the flow
devices are installed and suitably qualified prior to restart.
Staff Ex. 14 at 39.

397. Prior to restart, the failure mode of the EFW
flow control valves will be changed in orcer to assure that
emerjency feedwater can be delivered when required. In the
original system design, these valves failed half open on loss
of control power, and failed "as is" on loss of instrument air.
As a result of the modification, the valve will fail in the
open position on loss of instrument air, and will remain in
that position. Lic. Ex. 15 at 6; Staff Ex. 1 at Cl=-l, 2. The
modification we disucss next (paragraph 398, infra) will enakble
the operator to switch to manual centrol in the event of a loss
of control power.

398. Short-term Commission Order item l(b) requires
that Licensee develop and implement cperating procedures for
initiating and controlling EFW independent of ICS control. In
addition to providing automatic initiation of the EFW pumps
independent of the ICS, Licensee will provide, in the control
foom, a separate manual EFW control station independent of ICS
for each control valve. When this manual centrol is selecteqd,

all active components of the ICS are bypassed. Power for each
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control valve fiom the backup control station will be derived
from the redundant emergency power supplies. Lic. Ex. 15 at 6,
7; Staff Ex. 1 at Cl-11., The Staff has reviewed Licensee's
conceptual design for this modification, as well as the revised
emergency procedures which include operating instructions on
the use of the new EFW manual control station. The Staff has
concluded that Licensee is in compliance with this part of the
Commission order. Staff Ex. 1 at Cl-11, 1z.

399. A support system which affects EFW system
reliability is the air supply for certain air-operated valves,
The TMI-1 air sypply system consists of two 60 hp compressors.
Lic. Ex. 15 at 3. One of the restart modifications for the EFWw
system will be the provision of a redundant, two-hcur air
supply system that will supply instrument quality air toc the
pressure control valve that regulates steam Supply to the
turbine, and to the two EFW flow control valves, for a two-hour
Feriod in the event of a loss of all AC power. Lic. Ex. 15 at
7. The staff has verified that EFWw system initiation and
Operation 1s assured independent of any AC power source for at
least two hours. sStaff Ex. 1 at Cl-9, 10.

400. Prior to restart, the low-low level condition
at each of the two condensate storage tanks will be annunciated
in the control room. The alarm setpoint will be such that the
OrFerator will have a minimum of twenty minutes btefore either of
the tanks is pumped dry. This will provide ample time for the

Operator to realign the EFW pumps' suction to an alternate
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water source. Lic. Ex. 15 at 7; Staff Ex. 1 at Cl-8. Separate
power supplies for each level transmitter loop willi be prcvided
as a longer-term modification. Lic. Ex. 15 at 7; Staff Ex. 14
at 13.

401. Another restart modification is the provision
of redundant, single-failure-proof indication in the control
room, independent of the ICS, of the level in each steam
generator. All hardware used in this modification will be
safety~crade. This level indication will assure that the
operator can properly control steam generator level, using the
new manual loaders added for the EFW control valves, in the
event of an ICS/NNI malfunction. Lic. Ex. 15 at 7; Staff Ex.
14 at 38.

402. Licensee has committed, for the long=-term, to
modify the TMI-1 emergency feedwater system to achieve a
single-failure-proof, safety-grade design. Included within the
scope of that effort will be:

a. Safety-grade automatic system start;i<7

b. Safety~-grade sxsten flow indication in the
control room;i<8

C. Safety-grade EFW flow control system for each
steam generator;

d. Addition of cavitating venturi in each EFW line;

127 Safety-grade automatic EFW pump start is being installed
prior to restart. See paragraph 395, Supra.

128 This is being accomplished as a restart modification.
See paragraph 396, supra.
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e. Safety-grade condensate storage tank low-low
level alarm;

£. Safety-grade steam generator high level alarm;

g. Safety-grade isclaticn of main feedwater on
overfill of an affected steam generator;

h. Upgrade Main Steam Rupture Detection System to
safety-grade.

Lic. Ex. 15 at 10, 11.

403. 1Item 2.1.7.a of NUREG-0578 recommends, as a
long-term action, the instal'ation of a safety-grade automatic
initiation of the emergency feedwater system. While the NRC's
TMI Action Plan (NUREG-0737, Item II.E.1.2) presently calls for
installation by July 1, 1981, it has become apparent that
Licensee will te unabtle to meet this schedule as to the safety-
grade EFW flow control system. In response to the Staff's
request to provide the detailed design of this long=-term
modification, Licensee has doccumented, and the Staff has
reviewed, the status and major problems bteing encountered in
finalizing the complete, safety-grade EFW system design.129
While the Scaff still will require submittal of the final
detailed design for its review Prior to system installation,

the Staff has concluded, based upon Licensee's good-faith

129 A number of additional long-term modifications to the

EFW system, derived from the analyses and evaluaticns performed
pursuant to item II.E.l.l1 of NUREG-0737, are recommended for
implementation prior to January 1, 1982. However, it is
probable that Licensee will be unable to implement certain
aspects of this long-term upgrade until the Cycle 6 refueling
cutage, due to procurement delays. Ross, ff. Tr. 15,555, at
Table 2; Tr. 15,563-65, 15,577-81 (D. Ross, Capra).
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effort to procure the required equipment and the similarity of
problems encountered by other operating plants in making these
modifications, that Licensee has demonstrated reasonable

progress toward the satisfactory completion of this long-term

action. Staff Ex. 14 at 36-38. The Board agrees,

Part I of Becard guestion 6

404. Subpart "a" of Board Cuestion 6 asks whether
loss of emergency feedwater following 2 main feedwater tran-
sient is an accident which must be protected against with
safety-grade equipment, and whether such an accident could be
caused or aggravated by a loss of non-nuclear instrumentation.
The Staff's position is that the loss of emergency feedwater
following a main feedwater transient is not an accident which
must be protected against with safety-grade equipment. Wwermeil
et al., ff. Tr. 6035, at 1. Because the TMI-l emergency
feedwater system will be safety-grade for a loss of main
f2edwater transient at the time of restart, the loss of toth
feedwater systems is an accident which is beyond the design
basis. Tr. 6082, 6200-01 (wermeil). 1In addition, the feed-
and-bleed cooling mode, using safety-grade equipment, is
available. Capodanno et al., ff. Tr. 5642, at 2.

405. The long-term, safety-grade modification of the
EFW system will completely eliminate any intertie between the
ICS/NNI and EFW systems. wermeil et al., ff. Tr. 6035, at 1,

2. Licensee has not been able to identify any single failure

-272~



in the ICS that will cause a loss of both main and emergency
feedwater. Tr. 5712 (Lanese). Cne of the authors of the B&W
ICS failure modes and effects analysis testified that there is
no single failure in the ICS that would prevent both EFW
control valves from providing feedwater to the steam
generator(s). 7Tr. 7038-40 (Joyner). Bowever, Licensee will
provide, prior to restart, steam generator level and EFW flow
indication independent of the IS, control room indication of
failel power supplies, and a manual switch, operable from the
control room, to transfer the ICS supply bus from the inverter
bus to the regulated AC supply. In adéition, TMI-1 will have
the capaktility, prior to restart, to cperate the EFW system
independent of the ICS. Capodanno et al., £ff. Tr. 5642, at 2,
3. Consequently, the operator can take the necessary manual
action in the control room to restore EFW flow. Wermeil et
al., ff. Tr. 6035, at 2.

406. CQuestion subpart "b" asks the respect in which
the EFW system is vulnerable to non-safety-grade system
failures and to operator errors. Prior to implementation of
the fully safety-grade modification, the EFW system is not
safety-grade with respect to a postulated main steam/main
feedwater line break, and may not be fully safety-grade with
respect to seismic gualification and protection against pipe
breaks in other high energy systems. Lic. Ex. 15 at Table 1;
Wermeil et al., ff. Tr. 6035, at 2, 3. The TMI-1 EFW system

will be safety-grade at restart, however, for a small-break
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LOCA and a feedwater transient. Tr. 5691, 5780 (Lanese); Tr.
6200-01 (wermeil). The EFw system is vulnerable to operator
errors, as are all plant systems. However, operational errors
that might affect the functioning of the EFW system have been
evaluated, and procedural changes, coupled with operator
training, have been instituted to assure proper surveillance
and operation of the system to preclude loss of function.
Capodanno et al., ff. Tr. 5642, at 4; Wermeil et al., £ff. Tr.
6035, at 3.

407. Boara CQuestion 6.c asks about the experience in
other power plants with failures of safety-grade emergency
feedwater systems. The NRC Staff revieweé the available data,
in Licensee Event Reports, for plants in commercial operation
that have safety-grade EFW systems, and found that in the vast
majority of cases the failures that occurred did not defeat the
functicnal capakbility of the system. The Staff repcrted four
cases where sutfficient emergency feedw. :er was not available,
although EFW was not required at the time to cool the reactor
(plant in startup operations or testing).13° Wermeil et al.,
tf. Tr. 6035, at 3, 4. 1In addition, the Staff explained that
at least some of the EFW failures it reported could not occur
at TMI-l. Tr. 6136-37 (Wermeil). All plants perfo. routine

periodic EFW system surveillance testing. It is important to

130 Losses of functicn due to misalignment and operator errors

were not included in this list. wWermeil et al., £f£. Tr. 6035,
at 4.
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note, however, that data on EFW system success on demand is not
maintained. Wermeil et al., ff. Tr. 6035, at 3, 4.

408. Subpartc "d" of Board Question 6 asks for an
identification of the operator action required to operate in a
fecd-and-bleed mode following a loss of emergency feedwater.
Licensee testified that the only manual actions required are:
(1) for certain scenarios, manual actuation of high pressure
injection; (2) if it is utilized, manual cpening of the PORV;
and (3) if a low level in the Borated Water Storage Tank is
reached, switchover of the HPI suction toc the containment sump

1
via the low pressure injection system.l3‘

Keaten and Jones,
££. Tr. 4588, at 12; Tr. 4859-62 (Jones). See also, Yermeil et
al., £f. Tr. 6035, at 5; Keaten et al., ff. Tr. 16,522, at 10,
11.

409. Cuestion subpart "e" asks for any assurance
that the feed-and-bleed mode can cool the system if EFW fails.
The Board's findings of fact on Natural and Forced Circulation
describe the basic energy removal processes associated with
assuring adeguate core cooling and how these related to feed-
and-bleed operation. See paragraphs 11-14, supra. Our
findings of fact on Additional LOCA Analysis present the

results of analyses performed which verify the capability of

131 Any complexities and problems involved in the operaticn
and termination of the feed and bleed cooling mode are
discussed below in respcnse to Part II of Board Question 6.
See paragraphs 426-429, infra.
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the feed-and-bleed mode to provide adequate core cooling. See

paragraphs 345, 346, 348 and 373, supra. The only action
required of the PCRV and safety valves in feed-and-bleed
cooling is that one or more of these valves open to provide a

132 at 1, 4. The

fluid discharge path. Jones, £f. Tr. 4588,
bases for the Board's conclusion that these valves can be
expected to open upon such a demand are presented in secticn
II.R (Valve Testing), infra. Based upon all of these findings,
and our findings immediately below on Question 6.f, the Board
concludes that *there is sufficient assurance that the feed-and-
bleed operation can provide adequate core cocling in the event
of a loss of all main and emergency feedwater. See Jones, ff.
Tr. 4588, at 2.

410. Board Question 6.f probes, in a general way,
the reliability of the feed-and-bleed cocling operation, and
asks specifically whether it alone can take the plant to cold
shutdown and whether two HPI Pumps arc required to dissipate
the decay heat in the feed-and-bleed mode. Feed-and-bleed
operation would not directly take the Primary system to a cold

133

shutdown conaition. Jones, ff. Tr. 4588, at 2; Tr. 4774-75

132 "Licensee's Testimony of Robert C. Jones, Jr.. in Response
to Boara Questions 6.e and 6.f"; and not Keaten and Jones,
which also fcllows Tr. 4588.

133 It may be possible, however, to use the PCRV to depres=-
surize the system down to the point where the normal decay
heat removal system could be used, without ever regaining
EFw flow. Tr. 4864-65 (Keaten). See also, paragraph 425,
n.1l36, infra.
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(Jones). However, feed-and-bleed operation can be continued,
as required, to assure adequate core cooling until secondary
3ide cooling is available and/or the Frimary system can be
depressurized to allow the Low Pressure Injection system to

134 sones, £f. Tr. 4588, at 2,

provide core cocling directly.
3.

411. One or two EPI pumps are calculated to be
required for adequate teed-and-bleea cocling, depending on the
specific scenario postulated. Jones, ff. Tr. 4588, at 3;
Wermeil et al., ff. Tr. 6035, at 6. See also, paragragph 346,
n.108, supra. For a loss of all feedwater event without a
small-break LCCA, howevur, only one HPI pump 1is required to
assure adeguate core cooling. Jones, ff. Tr. 4588, at 3;
paragraph 345, supra.

412. A guantitative assessment of the reliability of

the feed-and-bleed moce of operation has not been cerformed.

134 Sufficient water is available in the Borateé wWater

Storage Tank for at least 19 hours of feea~-and-bleea

Operation, assuming two HPI pumps are used. After the BWST

has been emptied, feed-and-bleed could be continued for an
indefinite period by reinjection of the water "bled" from the
System and stored in the containment sump. A primary objective
Of the operators throughout this time would be to re-establish
either main or emergency feedwater flow tc the steam generators.
The maijority of the components of these systems are located
outside containment and woula be available f ir service. Cnce
feedwater flow was established, the Erimary system would be
ccoled and depressurized utilizing the steam generators.
Wermeil et al., £f. Tr. 6035, at 6, 7. There is sufficient
water in the BWST, including use of the recirculation mode, to
get down to the Low Pressure Injection system. Tr. 16,576=77
(Keaten, M. Ross).
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Feed-and-bleed cooling is not required, however, except for an
extended loss of all main and emergency feedwater or for
certain accident cunditions in conjunction with an extended
loss of all feedwater, which are beyond the design basis.
Jones, ff. Tr. 4588, at 3; Tr. 5201 (Jones); paragraphs 345,
346, 348 and 353, supra. Further, while the PORV may be used
as the fluid discharge path from the reactor coolant system,
feed and bleed can be accomplished with only safety-grade
systems and components -- i.e., the pressurizer safety valve(s)
in conjunction with the borated water storage tank, high
pressure injection, containment and low pressure injection.
Keaten and Jones, ff. Tr. 4588, at 12.

413. There is scme experience which shows that
feed-and-bleed operation can provide adequate ccre coocling.
During the February 26, 1980 event at Crystal River 3, the HPI
system injected water into the primary system and fluid was
discharged initially by the PORV and then by a safety valve.
Therefore, the incident was a demonstration of the orerability
of feed~ard-bleed cooling. It should also be noted that arring
a portion of the Crystal River transient, secondary side
cooling was significantly reduced or non-existent. Throughout
the scenario, however, the core was adequately cooled. Jones,
££. Tr. 4588, at 3, 4. See also, Jensen-1, £ff. Tr. 4913, at 9,
10.

4l14. The Board is also aware that the individual

systems and ccmponents required for feed-and-tleed cooling
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(e€.9., EPI, LPI and the safety valves) are routinely operated
and/or tested to assure their functionahility. Jones, ff. Tr.
4588, at 4; Tr. 4886-87 (Jones). For all of these reasons, and
because the operator actions required are not complex, the
Board finds that feed-and-bleed operation is adequately
reliable to perform its potential function. See Jones, ff. T:.
4588, at 3; Tr. 4778-79 (Jones).

415. Cuestion subpart "g" asks whether both motor-
driven EFW pumps will be required to supply the requisite
amount of emergency feedwater if there is a loss of steam in
the secondary syr :»m which results in failure of the turbine~
driven pump, and whether this meets the single failure crite-
rion. Licensee's witness explained the flow capacity of the
FFW pumps and the system flcw requirements for the most severe
plant heatup transient (loss of main feedwater) ané for
small-break LCCAs. The record shows that the EFW system can
protect the plant within the established safety limits even
with :the assumed failure of the turbine-driven pump and one
motor-driven EFW pump, even though this situation is beyond the
single failure criterion. Capodanno et al., ff. Tr. 5642 at
8, 9. The 3taff also testified that one motor-driven EFW pump
can supply acdequate fe:zdwater for decay heat removal for all
postulated accidents and transients, sco that the single failure
Criterion is satisfied. Wermeil et al., £f. Tr. 6035, at 7, 8.

416. Board Question 5.h asks whether the turbine~

driven pumps and valves can be operated c¢n direct current, or
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whether they are dependent upon the alternating current safety
buses. The record shows that the TMI-l turbine-driven
emergency feedwater train can operate to supply feedwater on
direct current power sources, and is not dependent upon the
alternating current safety buses. Capodannc et al., ff. Tr.
5642, ac 9, 10; Wermeil et al., €ff, Tr., 6035, at 8.

417. Subpart "i" of Board Question 6 asks whether
the reliability of the EFw system will be greatly improved upon
conversion to safety-grade, and whether it is the pocsition of
Licensee and the staff that the improvement is enough such that
the feed-and-bleed back-up is not required. Licensee's
witnesses testified that the ability of the TMI-1 emergancy
feedwater system to respond to anticipated transients, and many
other accidents, will not be substantially improved upon
conversion to safety-grade, btecause the principal deficiencies
in the existing EFW system are in the environmental quali-
fication of equipment for relatively improtable, nen-LOCA
events. Capodanno et al., ff, Tr, 5642, at 1l1. Licensee also
testified, however, that the restart upgrading of the EFW
system to safety-grade for small-treak LOCAs ané loss of main
feedwater transients sufficiently improves the reliability of
the EFw system that reliance need not be placed on the feed-
and-bleed cooling mode. Tr. 5786 (Lanese). See also, Tr.
4816-18 (Keaten). Based on knowledge of the improvement in
reliability gained by 2liminating first order failure sources,

it is the Staff's judgment that the reliability of the EFW
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system will be improved when it is fully safety-grade.
Further, while the Staff does not require the feed-and-bleed
back-up, it is recognized as additional defense~in-depth for
providing core cooling in the very unlikely event that both
main and emergency feedwater are lost. The HPI pumps and
primary safety valves which comprise the feed-and-bleed mode
are reguired, by Technical Specifications, to be av~ilable.
Wermeil et al., f£. Tr. 6035, at 8, 9.

418. Board Question 6.j asks whether the short-term
actions proposed will improve the reliability of the emergency
feedwater system to the point where restart can be Fermitted.
Because this raises the ultimate issue which underlies all of
Board Question No. 6, we will defer our finding on this subpart
of the question until we complete our tindings on all of the
evidence presented.

419. Subpart "k" advises the parties tc address
Board Cuestion 6 with reference to the decision in Florida
Powe:r and Light Company (St. Lucie Nuclear Power Plant, Unit
No. 2). ALAB-603, 12 N.R.C. 30 (1980), i.e., whether loss of
EFW is a design basis event notwithstanding whether design
criteria are met. Since this Appeal Board decision and its
applicability to the TMI-1 EFW system were the subiect of
additional evidence presented in Part III of Board CQuestion No.
6, we will defer our finding on this aspect of the gquestion

until we address that additional evidence,
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Part II of Board Question 6

420. The oral clarification of Board Cuestion 6
provided by the Board at the hearing session of November S,
1980, posed three questions. See paragrapgh 381, supra. The
first question asks how the emergency feedwater system, if
reliea upon, would bring the plant to cold shutdown.

421. Several methods are available to proceed to
cold shutdown from the condition immediately following reactor
trip (while the system is still at or near normal system
t* ‘perature and pressure), depending on the remaining operable
equipment. It is important to note, hcwever, as Licensee
Foints out, that the plant can remain in the hot condition for
extended periods with any of these methods if the gecision to
transition to cold shutdown is deferred. Keaten et al., ff.
Tr. 16,552, at 8. See also, id. at Figure 1 for an illustra-
tion of the TMI-1 core cooling ana heat removal paths.

422. 1In the case of a normal reactor trip, the
Frocess of removing the decay or residual heat from the primary
Or reactor coolant system would ke through the steam generators
to secondary coclant provided by either of the feedwater supply
Systems. Assuming an end of life, equilibrium full power
history before the time of trip, the decay heat level is
approximately 7% of full power at the time of trip. This heat
level quickly decays to 4% within 40 seconds and roughly to 1%

in an hour. An equivalent percentage of main feedwater flow
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would be required to maintain equilibrium reactor coolant
System temperature, or approximately 720 gpm of emergency
feedwater 40 seconds after trip. The flow requirements and
capabilities of the main feedwater pumps are above 50% of full
rated power. Consequently, there is abundant capacity in
either of the two main feedwater pumps to provide feedwater
flow for residual heat removal. Keaten et al., £ff. Tr. 16,552,
at 6.

423. The normal method for cooldown from operating
pressure and temperature is to remove steam from the steam
generators at a rate greater than the decay heat generation
rate, using the main feedwater system, the turktine byrass
valves, and the main condenser. This is accomplished by taking
manual control of the turbine byrass valves and opening the
valves to a position where the resulting steam flow to the
condenser yields the desired coocldown rate of the reactor
coolant system. This method can be maintainea despite single
active failures in the process train including single failures
in off-site power feeds. The reactor ccolant system can be
cocled by tuis method to the point that the decay heat removal
system is put into operation (about 250°F/320 psig). The decay
heat removal system can then continue the normal shutdown
cooling process until the conditions of cold shutéown are
reached (reactor coolant system temperature less than 200°F).
Keaten et al., ff. Tr. 16,552, at 9.

424. 1If main feedwater is unavailable, the EFW

system will provide sufficient secondary coclant., As we have
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noted (paragraph 393, supra), the EFW system at TMI-l has two
flow paths, supplied by one turbine-driven pump and two
motor-driven pumps, which can supply emergency feedwater to
either or beth of the s‘»am generators. The turbine-driven
pump has a rated capacity of 920 gpm, and each motor-driven
pump has a rated capatity of 460 gpm. Either cne turbine-
driven pump or both motor-driven pumps exceed the requirements
to remove the 7% residual heat that exists at the time of
reactor trip. By two and one-half minutes after trip, one
motor-driven pump has enough capacity to remove the decay heat.
Even if only cne motor-driven pump were available initially,
adeqguate heat removal would also be provided.l35 Keaten et
al., ff£. Tr. 16,552, at 7; paragraph 415, Supra.

425. Where the main feedwater system is lost and the
condenser is available, the secondary system will function as a
closed loop by steaming through the turbine typass valves to
the condenser and water drawn from the condenser by the
emergency feedwater pumps and returned toc the steam generators.
If the condenser is not available, steam can be released to the
atmosphere via the atmospheric dump valves. These valves can

be controlled in the same manner described atove for the

135 1In this case, reactor coolant system temperature and
pressure would initially increase, possibly resulting in
lifting a relief valve. As decay heat drops, however, the
single EFW pump would supply enough water to overcome the
temperature/pressure rise and restcre normal conditions.
Keaten et al., ff. Tr. 16,552, at 7.
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turbine bypass valves in order to a~hieve the desired cooldown
<ate. 1In this cooling mode water from .“e condunsate storage
tanks is fed to the steam generators by the emergency feedwater
systems and then released to the atmosphere. The condensate
Storage tanks are required by the Technical Specifications to
ha-e 150,000 gallons in each tank during reactor cperation.
This amount of water it more than adequate to allow the reactor
ccslant system tc be cooled to the temperature and pressure
where the decay heat removal system can be placed in operaticen,
prior to the depleticn of inventory in the condensate storage

tanks. 136

Keaten et al., ff. Tr. 16,552, at 9, 10. See also,
paragraph 410, n.134, supra.

426. The second ~larification guestion posed by the
Board asks what complexities and problerns are invelved in the
operation and termination of the feeé-and-bleed cocling mcde.
Initiation of the feed-and-bleed cooling mecde is a very simple
operation. If neither main nor emergency feedwater is avail-
able, the operator will initiate ané maintain full high pres-
sure injection until feedwater is resto-ed. The operator can
open the PORV and its block valve, or allow the code safety

valves to open to provide a flow path. Keaten et al., ff. Tr.

16,552, at 1l0.

136 It is also possible to take the reactor to cold shutdown,
to the .int where the LPI system is operaktle, without emer-
gency . dwater, by depressurizing with the PCORYV. Tr. 16,575
(M. Ross); Tr. 16,685 (Keaten). See also, Tr. 16,725 (wermeil),
and garagraph 410, n.133, surra.
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427. Once initiated, the feed-and-bleed cocling mode
will automatically continue without need for additional short-
term operator actions. In the long term, the operator must
transfer the suction of the high pressure injection pumps from
the borated water storage tank to the containment building sump
via the low pressure injection pumps. If ESFAS has automati-
cally initiated, this transfer requires opening four wvalves and
closing four valves, all of which can be done at the main
control console. 1If ESFAS has not automatically initiated, the
LPI pumps must he =tarted manually, but this also can be
accomplished from the main control console. Ke. ten et al., £2.
Tr. 16,552, at 10.

428. Termination of the feed-and-bleed cooling mode
is also very simple. OCnce the appropriate criteria are met the
HPI discharge valves are throttled and eventually the HPI pumps
are turned off. These actions are also rerformed from the main
control console. Such throttling and/or termination of high
pressure injection, however, is only permissible when specific
Criteria regarding reactor coolant system conditions are met.
(See paragraph 38, supra.) Keaten et al., ff. Tr. 16,552, at
11.

429. It should be noted that the simple actions
associated with initiation, continuation and termination of
feed-and-bleed coeling would be performed by an operator
assigned to this portion of the control panel. Any parallel

acticns being taken in an attempt to restore main or emergency
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feedwater would be taken by a different operator assigned to
the feedwater control panel. The TMI-1 Technical Specifica-~
tions require that two licensed reactor operators be in the
control room during startup, shutdown, and recovery from a
reactor trip. The normal control room practice is that
immediately upon reactor trip one operator goes o the portion
of the console from which HPI and LPI are controlled, and the
other operator goes tc the feedwater control portion of the
panel. This allows actions to be carried out in parallel under
the supervision of the senior watchstanders. Keaten et al.,
££. Tr. 16,552, at 1ll.

430. The third clarification guestion posed by the
Board asks how an alternative cooling mode, such as restoration
of emergency feedwater, is initiated in order to Ering the
plant to ceold shutdown. 1If no feedwater is available, and the
plant is operating in the feed-and-bleed mode, the normal sters
taken would be directed at restoring emergency feedwater flow,
as described in the follow-up action section of TMI-1 plant
Emergency Procedure 1202-26A (Lic. Ex. 49). The exact steps
depend upon the reason why no feedwater is available, and
generally consist of verifying that valves are in the corrext
position, verifying that the pumps have started and taking
manual actions where pump or valve actuation have not occurred
correctly. Keaten et al., ff. Tr. 16,552, at 11, 12.

431. Assuming emergency feedwater is made availatle,

the steam generator can be restored as a heat sink by adding
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emergency feedwater to the steam generator(s), and relieving
steam through one or both atmospheric dump valves or through
the turbine bypass valves to the condenser. These pumps and
valves are normally operated from the control room but the
valves can also be operated locally, anéd the steam-driven
emergency feedwater pumps can be started locally. With the
steam generator in operation, primary system temperature can be
raduced below system saturation temperature and a 50°F sub-
cooling margin will be maintained or reestablished. High
pressure injection can then be throttled, and a bubble can be
formed in the pressurizer by energizing pressurizer heaters and
reducing high pressure injection flow to allow the PORV or
primary safety valve(s) to close. 7The normal makeup system can
De used. Cnce the bubble has been reformed in the pressurizer,
the plant has been returned to a normal shutdown condition and
cooldown may continue using ncrmal plant cooldown procedures.

Keaten et al., ff. Tr. 16,552, at 12.

Part II1 of Boara Question 6

432. The original Board Question 6 concluded as

follows:

6.k. Question 6 should be addressed with
reference to Florida Power & Light Co. (St.
Lucie, Unit 2), ALAB-603, (July 30, 1980):
i.e. whether loss of emergency feedweter 1is
a desigin basis event notwithstanding
whether cesign criteria are met.

The Board's concerns with emergency feedwater reliability were

inspired to a great exten: Ly the Atomic Safety and Licensing
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Appeal Board's decision in Florida Power and Light Company (St.
Lucie Nuclear Power Plant, Unit No. 2), ALAB=-603, 12 N.R.C. 30

(1980), review pending, CLI-80-41, 12 N.R.C. (Decemkter 12,

1980).

433. As a part of its review of licensing board

decisions authorizing the issuance of a construction permit for

St. Lucie-2, *he Appeal Board conducted an evidentiary hearing

on the adequacy of electric power systems:

Because of Florida's peninsular shape the
applicant's electrical distribution system
(grid) can te connected with the grids of
other utilities only to the north. This
suggested -- and the applicant's operating
history tended to confirm -- that FPsL's
grid might ke less reliable than ones
interconnectecd witn multiple grids. There
was no indication, however, that the onsite
emergency power system at St. Lucie haa
been designed to compensate for a lesser
degree of grid stability and the Licensing
Board had no cccasion to exgplore the
matter.

fupra, 12 N.R.C. at 31. Consaquently, the Appeal

Board sought from the parties certain information and advice as

to whether further proceedings were necessary. Id. at 33,

The substantial amount of information
submitted by the parties convinced us that
¢n evidentiary hearing was needed to
¢xplore our questions aktout the stability
0f Florida Power and Light's electrical
trid and the reliabtility of AC Fower for
St. Lucie Unit 2. We had several particu-
lar concerns: (a) the implications of then
recent grid disturbances (including a
complete loss of offsite power on May 14,
1978); (b) the staff's OFinion that offsite
Fower was less assured for St. Lucie than
for nuclear plants in nonpeninsular areas,
and (c¢) the lack of compensation for that
situation in the design of the onsite power
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system, We therefore ordered a hearing

held before us on those concerns and

directed the parties to answer additional

questions in preparation for it.

Id. at 34 (footnotes omitted).

434. The Appeal Board, on the basis of the evidence
presented, found that the likelihood of the loss of all AC
power at St. Lucie-Z is the product of two factors: (1) the
probability of an off-site power failure (found to be between
0.1 and 1.0 pe. year) and (2) the probability of a simultaneous
failure of both diesel generators to start on demand (found to
be 10'4, at best, assuming true independence of the two diesel
generator systems). This yieldea a combined Frobability in the

4 to 1077 per year. Id. at 45,

range of 10~

435. Rejecting arguments that the assumed simultane-
ous failure of both diesel generators challenges the "single
failure criterion," the Appeal Board found, on the basis of
failure rate data presented in the “-actor Safety Study,
WASH-1400 (the Rasmussen Report), that diesel generators are
relatively unreliable pieces of equipment, compared to other
equipment to which the single failure critericn is commonly
applied, and that "([b]lind reliance on the single failure
criterion (that is, simple redundancy) does not provide an
adequate degree of plant safety and public protecticn in this
state of affairs." Id. at 48-52.

436. The Appeal Board compared the probability range

for station blackout at St. Lucie-2 (10™% to 107° cer year)
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with certain guiuelines in the NRC Staff's Standard Review Plan
("SRP") for determining whether particular accidents should be
considered in designing a plant, even though the Staff tes-
tified that it had no numerical reliability goals for station
blackout. The SRP, according to the Appeal Board, provides
that events must be considered in the design where they have:
(1) a realistically calculated probability of occurrence of at
least 10'7 per year, cr (2) a conservatively calculated
probability of 10'6. Accordingly, the Appeal Board found that
the probability of a loss of all AC power is unacceptably high
relative to accidents and other events considered incrediktle

137

for design purposes. Id. at 45-46, and 52.

437. As the Appeal Board acknowledged, and as the
Commissicn subsequently observed, SRE section 2.2.3, used in
ALAB-603 as some sort of benchmark fcr assessing whether events

wl38

are "design Ltasis, deals specifically with Staff reviews of

137 with respect to the specific event postulated in St.
Lucie -- loss of all AC power =-- the testimony shows that the

=1 EFW system will perform during a two-hour station
blackout. 1In addition, it should be noted that the high
probability of the loss of off-site power at St. Lucie, 0.1
to 1.0 per year, does not exist at Three Mile Island. TMI
has not experienced any loss of off-site power, and, based
upon its multiple power feeds, it is not expected that such
an event will occur during the life of the plant. Even in
the highly improbable event that a loss of off-site power
would occur, and that both diesel generators failed, AT power
for Three Mile Island can be obtained from off-site combustion
turbines within two hours. Capodanno et al., ff. Tr. 5642,
at 13, 14.

138 "Design bases" means that information which ident.fies
the specific functions to be performed by a structure, system,
Or component of a facility, and the specific values or ranges
(continued next page)
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certain off-site hazards and the need for any protective

mea: ures. See id. at 45, n.53; CLI-80-41, Supra, slip op. at
l. One of the generic issues in ALAB-603 whi-h the Commission
has set for review is the following:

What are the generic implications of using

the threshold probabilities in Section

2.2.3 of the Standard Review Plan as

guicdelines in determining the design basis

events to be used for plant design and

operation?

CLI-80-41, supra, slip op. at 3 (footnote omitted).

438. In a memcrandum issueé after CLI-80-41, surra,
the Appeal Board advanced its view that the question posed
above by the Commission is not presented by, and is inspired by
a misconstruction of, ALAE-603. The Appeal Board stated that
it was the very magnitude of the probability values, indepen=-
dently assessed by the Apreal Board from the evidentiary
record, which served as the basis for its ultimate determina-
tion that the station blackout sequence must te considered as a
design basis event., Florida Power and Light Company (St. Lucie
Muclear Power Plant, Unit 2), Appeal Poard Memorandum (December
22, 1980), Docket No. 50-2389,

439. Consequently, ALAB-603 now appears to have

limited prececential value for other plants and other clant

(continued)

of values chosen for controlling parameters as reference bounds
for desigr. These values may te (1) restraints derived from
generallt accepted "state of the art" practices for achieving
functional goals, or (2) requirements derived from analysis
(based on calculations and/or experirents) of the effects of a
postulated accident for which a stru.ture, system, or component
must meet its functional goals. 10 C.F.R. § 50.2(u).
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systems. The Appeal Board's investigation was inspired by a
very unique circumstance -- operating experience which con-
firmed a suspicion that St. Lucie is more vulnerable to loss of
off-site power than nuclear power plants in non-peninsular
areas. This was compounded by a second unusual circumstance, a
finding based on WASH-1400 cstimates that diesel generators
were sufficiently unreliable to warrant a deviation from the
single failure criterion. ALAB-603 arparently does not stand
for the proposition that a failure probability of 10'6 per year
should be used generically to classify a scenaric as a design
basis event to be used for plant design and operation. Indeed,
the NRC Staff has testified in this proceeding that SRP section
2.2.3, referred to in ALAB-603 as the criterion for accept-
ability of the plant design to mitigate the assumed event, was
intended by the Staff to be applied only to external plant
hazards such as nearby transportation of toxic gases or
explosives, and not to events within the Flant such as a
postulated lcus of emergency feedwater. Wermeil et al., Tr.
6035, at 10. See also, Rosenthal and Check, ff. Tz. 11,158, at
21. The NRC has not yet established a numerical safety goal.
wWermeil et al., ff. Tr. 6035, at 10; Rosenthal and Check, ff.
Tr. 11,158, at 27.

440. The Board, however, was concerned at the time
some of the witnesses appeared (November, 1980; prior to the
Commission's expression of concern with, and the Appeal Board's

clarification of, the St. Lucie decision), with the testimony
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that neither Licensee nor the NRC Staff has a quantitative
reliability goal against which the TMI-1 emergency feedwater
system has been compared. Tr. 5789-98, 5948 (Capodanno); Tr.
6168, 6178 (wermeil). Applying, by way of analogy, the Appeal
Beard's analysis in ALAB-603 of the St. Lucie electrical power
system, Administrative Judge Jordan postulated, at the nea ring
session of November 20, 1980, that:

a. B&W plants are more sens‘tive because of the
once-through steam generator design and they experience an
unusually high EFW challenge rate of three per year. Tr. 6150,
6175, 6179-80 (Administrative Judge Jordan). This could be
viewed to be analogous to St. Lucie's vulnerability to loss of
cff-site power.139

b. Emergency feedwater systems, on an industry-wide
basis, have experienced a failure rate of 1 in <5 rer reactor-
year =-- which is so high that reliance on safety-grade criteria
should te rejected. Tr. 6169, 6179-80, 6182-83 (Acéministrative
Judge Jordan). This could be viewed to be analogous to the
Appeal Board's findings, in St. Lucie, on diesel generator
reliability -1 its deviation frem the single failure cri-

terion.

139 The Appeal Board's concern at St. Lucie, however, was
inspired by evidence of actual experience at that specific
plant with instabilities in off-site power supplies. Wwe now
know from the record here that there is no evidence that TMI-1l
has experienced an unusual challenge rate to its EFW system.
See paragraph 446, infra. Consequently, the Board now
recognizes that the postulated analogy is not valid.
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¢. Consequently, it should be demonstrated that the
overall reliability of the TMI-l decay heat removal systems is
such that the probability of failure is less than 10'6 per
year. Tr. 6184, 6186-87 (Administrative Judge Jordan).

441. while it was prudent for the Board to have
expressed its concerns, the evidence subsequently presented
convinces us now that the St. Lucie analogy, to the extent that
Appeal Board decision even stands for the proposition we read
into it in November, 1980, is not valid for the TMI-1 emergency
feedwater (or overall decay heat removal) system. First, the
linkage postulated between the BaW design sensitivity and EFW
challenge rates is not sound. The primary difference between
the B&W nuclear steam supply system ("NSSS") design and other
PWR designs is the zgW once-through steam generator ("OTSG"),
which results in a mcre rapid effect (compared to the U-tube
Steam gener:tor) on primary system performance from any large
change in secondary system inventory. In addition, the volume
of water on the secondary side of a plant with the U-tube
design is larger than the comparable inventory in a B&Ww plant.
The close coupling of the primary and secondary systems in the
B&W design, combined with the relatively s ‘all liquid volume in
the secondary side, creates the characteristic of the OTSG
referred to as "sensitivity® or "responsiveness," which has
been considered in the safer; analyses for TMI-l. Wwhile the
design and cperating characteristics of the OTSG are important

and must be understood, they have littie bearing on the
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question of how often main feedwater is lost or the emergency
feedwater system is challenged. Keaten, ff. Tr. 16,612, at 4,
S. 1In other wcrds, the OTSG design affects the dynamics of
Primary system response to a secondiry system upset, but it has
absolutely no bearing on the frequency of secondary system
upsets. See Tr. 15,772-73 (Capra).

442. Further, it is now clear to the Board that
there are serious limitations to a comparison of the operating
experience with the TMI-1 EFW system to the experience at other
B&W plants, or on an even brcader basis. The design of the
main and emergency feedwater systems are normally the responsi-
bility.of the architect/engineer ("A/E"), rather than the NSSS
supplier. These designs vary widely, reflecting the different
views of the a/E or owner, the NSSS supplier contr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>